
PROCEEDINGS 

of the 

/ l / 

United Nations Scientific Conference 

on the 

Conservation and Utilization of Resources 

17 August--6 September 1949 Lake Success, New York 

Volume VI, Land Resources 

UNITED NATIONS 



CE/CON~ 

UNITED NATIONS PUBLiCATIONS 

Sales No.: 1950.11.6.7 

Price: Clothbound S 6.00 (U.S.) 

(or equivalent in other currencies) 



The Proceedings of the United Nations Scientific Conference on 

the Conservation and Utilization of Resources are being issued in 

eight volumes as follows: 

Volume I: Plenary Meetings 

Volume II: :\Eneral Resources 

Volume III: Fuel and Energy Resources 

Volume IV: Water Resources 

Volume V: Forest Resources 

Volume VI: Land Resources 

Volume VII: Wildlife and Fish Resources 

Volume VIII: Index 

Descriptive material on the background organization and participation m the 

Conference is to be found in Volume I, Plenary :Yieetings, as follows: 

Background and Objectives of the Conference. 

Preparatory Work .. 

Information Services 

Programme of Meetings 

Conference .Method . 

Hospitality and Field 

Publication of the Proceedings . 

Report on the Conference by the Secretary-General . 

Officers, Contributors, Participants and Secretariat: 

Preparatory Committee and Secretariat 

Presiding Officers . . . 

Contributors and Participants . 

Organizations Nominating Participants. 

Organizations Nominating Observers .. 

Alphabetical Index of Contributors, Participants, and Observers . 

Page 

Vll 

lX 

X 

X 

Xll 

Xll 

XV 

XVI 

XXV 

xxvii 

XXIX 

li 

liii 

lv 



CONTENTS 

UNITED NATIONS SCIENTIFIC CONFERENCE 

ON THE CONSERVATION AND UTILIZATION OF RESOURCES 

PROCEEDINGS OF THE LAND RESOURCES SECTION 

Methods of Soil Conservation . . . . . . . . . . . . . . . . 

Organization and Evaluation of Soil Conservation Programmes . 

Soil Survey and Research in Relation to Soil Conservation 

Aids to Farming. . . . . . 

Improving Soil Productivity 

Plant Breeding . . . . . . 

Protection of Crops and Grasslands 

Storage and Preservation of Agricultural Products. 

Livestock Breeding . . . . . . . . . . 

Crop Policy and the Feeding of Livestock 

Livestock Diseases and Pests 

Condition of Grazing Lands. 

Seeding and Restoration of Natural Grazing Lands 

Opportunities for the More Effective Use of New Agricultural Lands 

v 

Page 

1 

55 

113 

207 

273 

309 

341 

383 

437 

463 

499 

529 

561 



Methods of Soil Conservation 

19 August 1949 

Chairman: 

Mr. ]. D. RAESIDE, Scientific Attache, Embassy of New Zealand to the United 
States, \Vashington, D.C. 

Contributed Papers: 

Physical :Yiethods of Soil Conservation 
T. S. Bum, Past President, Soil Conservation Society of America, Spartanburg, 

South Carolina, U.S.A. 

Physical Methods of Soil Conservation 
:YI. H. KHAN and A. G. RIAZ, Soil Conservation Officers, Ministry of Foreign 

Affairs and Commonwealth Relations, Karachi, Pakistan 

Soil Conservation in Cyprus 
L. J. S. LITTLEJOHN, Soil Conservation Officer, Department of Agriculture, 

Cyprus 

Physical Methods of Soil Conservation 
AUNG MYINT 

Senior Agricultural Assistant, Office of the Deputy Director of Agriculture, 
Rangoon, Burma 

Physical Methods of Soil Conservation 
Manuel Chavez VIAUD, Chief of the Soil Conservation Section, National 

Agronomical Research Centre, Ministry of Agriculture and Industry, 
El Salvador 

Agro-Technical Reorganization of the Wind-Eroded Pampa Area 
Antonio ARENA and C. V. QuEVEDO, Soils and Agro-Technical Institute, 

General Directorate of Agricultural Research, Ministry of Agriculture, 
Buenos Argentina 

Experiments with Methods for the Conservation of Soils and Moisture in the Semi
Arid Region of Argentina 
A. J. PREGO and L. A. TALLARICO, Conservation and Improvement Division, 

Soils and Agro-Technical Institute, General Directorate of Agricultural 
Research, Ministry of Agriculture, Buenos Aires, Argentina 

Land Use Regulations as Aids to Soil Conservation 
Sir Harold A. TBIPANY, C.M.G., C.B.E., Kensington, London, England 

Soil Conservation Problems in Norway 
Aasulv L0DDES0L, Director, Korwegian Bog Association, Oslo, Norvvay 

Summary of Discussion: 

Discussants: 

Messrs. Bum, S. T. JENSEN, H. H. BENNETT, CLAY, TIMMONS, HAMID, AuLL, 
R.EIFENBERG, AllmRoiSE, KELLOGG, MuKHERJEE, RATIXEAU, GUILLAUME, 
DE HAAN, SAT:CEDO CARILLO, MYINT, c. H. EDEDIAN, VIAUD, VARGAS 
V AGLIO, DuLEY, RANGHEL, F. HARDY, E. DE VRIES, STEAD, 
Sir \Villiam Occ, Messrs. ME.'l'HINICK, E. A. HARDY, MAITLAND, DE SouzA 
DA CAMARA, 0RELLA.'l'A A., CARABANO 

Programme Officer: 

H. GREENE 



UNSCCUR PROCEEDINGS: LAND RESOURCES 

Physical Methods of Soil Conservation 

T. S. BUIE 

ABSTRACT 

The outstanding development of modern times in the methodology of soil conservation is combined use of all service
able measures, acre by acre, in accordance with the predetermined needs of each acre for protection and improvement, 
in accordance with the calculated capacity of each acre for intensive use. 

Such measures as terracing, contour tillage, contour strip-cropping, rotation grazing, gully sloping and planting, 
shelter-belts and wind-breaks are designed and applied to prevent the bodily removal of the soil by the various forms of 
accelerated erosion. 

Such measures as drainage, irrigation, the application of manure, compost, synthetic fertilizer, and lime, the 
growing of leguminous and other types of cover and green manure crops, and crop rotations are designed and applied 
to prevent the more or less temporary loss of fertility through cropping, leaching, waterlogging, and other forms of 
damage which do not remove the soil itself, but which must be controlled if the land is to be used to its maximum 
capacity. 

The key to successful conservation of soil and water resources is careful physical analysis of the land, so that each 
acre may be used within its capability and protected by all needed conservation measures, scientifically applied. 

More progress has been made in the development and 
refinement of physical methods of soil conservation within 
the past fifteen years than in the preceding hundred years. 
This progress has not been limited to refinements in speci
fications of engineering measures and improvement of use
ful grasses. It embraces the development of scientific 
knowledge of the interrelationship of the various methods, 
their interdependence for effectiveness, and the manner in 
which they can be most usefully employed. 

Soil and water wastage results from the interaction of 
physical laws and is subject to physical methods of control. 
Raindrops fall upon the soil with a beating and splashing 
effect, which separates small particles from the soil mass. 
Surplus water not absorbed by the soil transports with it 
the detached soil particles. Studies by W. D. Ellison, 
formerly of the lJnited States Soil Conservation Service, 
show that on bare soils of certain types the splashed soil 
particles during an intense rain may reach a volume of 
more than 100 tons per acre. This splashing effect of 
falling raindrops and the transporting effect of flowing 
water act as independent variables and both factors must 
be given consideration in the design of physical methods 
of soil conservation. In addition, the dispersed soil parti
cles on bare soil tend to fill pore spaces during the early 
part of a shower, thus making it impossible for the soil 
to absorb the remaining free or gravitational water. 

Evidence indicates that man has been seeking to control 
the physical deterioration of the land for untold centuries. 
In ~Iexico and various Central and South American 
countries are found ancient bench terraces, antedating 
the historical knowledge of the present inhabitants, which 
show an amazing degree of engineering skill. In the older 
countries of Europe and Asia, the planting of leguminous 
crops has been practised for centuries. Undoubtedly the 
value of such crops in affording physical protection to the 
land, as well as in supplying organic matter, was recog
nized. 

Until about 1930, however, the main reliance for soil 
conservation was on a relatively few engineering and 
vegetative measures, generally applied independently. 
Chief among these measures were: 
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1. Bench terraces used in many parts of the world for 
centuries. 

2. Hillside ditches, which might be considered the fore
runner of modern terraces. 

3. Ridge terraces of various kinds which first began to 
be commonly used in the United States about fifty to 
seventy-five years ago. 

(The modern channel-type terrace is of recent develop-
ment.) 

4. Planting of trees and shrubs. 
5. Crop rotations to improve soil structure and tilth. 
6. The application of manure, compost, synthetic fertil

izers, and lime on fields and pastures. 
7. Dyking, irrigation, and drainage (although these 

were more commonly considered as reclamation or develop
ment measures than soil conservation methods). 

8. Horizontal strip-cropping, as practised especially in 
England, Germany, Switzerland, and other western 
European countries, and to a limited extent in the eastern 
United States. 

9. Vegetative field borders and hedges as occurred 
notably in north-western Europe. 

10. Shelter-belts and wind-breaks. 
11. Gully stabilization through construction of dams 

and vegetative plantings. 
12. Water-diversion ditches. 
Employed independently, or even in minor combi

nations, these measures were not invariably or uniformly 
successful in conserving either land or water resources. In 
some instances, in fact, they had an entirely opposite ef
fect. Terraces without supporting vegetative practices 
and adequate outlets often served to concentrate run-off 
water without controlling it. The use of synthetic fertil
izers, which made it possible to maintain yields in some 
cases after severe erosion and soil depletion had occurred, 
served to obscure the effects of land damage and thereby 
to perpetuate improper land use and prolong land damage. 

Today the trend is distinctly away from single methods. 
Research and experience have proved that reliance on one 
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conservation measure to achieve conservation-or prevent 
land damage-is almost invariably unfounded and po
tentially ruinous for the land involved. 

The great, outstanding development of modern times in 
the methodology of soil conservation is combined use of 
all serviceable measures, acre by acre, in accordance with 
the predetermined needs of each acre for protection and 
improvement, and in accordance with the calculated 
capacity of each acre for intensive use. This protection 
requirement varies from acre to acre in accordance with 
the type of soil, steepness and length of slope, degree and 
extent of erosion, climate, and prevailing land use. 

The combination of these factors of soil, slope, climate, 
erosion, and land use determines in large measure the 
combination of methods necessary to maintain the land in 
a productive condition. Some fields require a complex 
combination of measures to keep them productive while in 
use; other fields need only a few elementary practices. In 
turn, some areas are suited by nature (because of soil 
quality and depth, slope, climate, and past use) for ex
tremely intensive use, including the production of inter
tilled crops such as cotton, corn, tobacco, peanuts, vege
tables, etc. Other areas, because of such conditions as in
adequate rainfall, steep slopes, thin or low quality soil, are 
unsuited for intensive use and should be employed for 
less-demanding purposes such as production of grass and 
trees. 

Once the essential physical facts about an area of land 
are known, it can be put to its maximum, safe use, and the 
proper combination of protective (and improvement) 
measures, such as water disposal systems, including 
terraces and vegetated water-disposal areas, contour till
age, crop rotations, fertilizer, etc., can be applied with 
reasonable assurance of success. 

As a practical aid in advancing this type of soil conser
vation work, including essential changes in land use, 
erosion control, and measures to improve soil fertility, a 
land classification system has been developed by the 
United States Soil Conservation Service which can be 
regarded as a basic conservation method. Under this 
system, all land is divided into eight classes, encompassing 
all the prevailing combinations of physical conditions. 
The classes range from the best and most easily farmed 
land (Class I) to land that has no agricultural value except 
for wildlife or recreation (Class VIII). They fall into three 
groups: land suitable for normal cultivation, land suit
able for only limited or occasional cultivation, and land 
not suitable for cultivation. The definitions of these eight 
classes show the best use (cultivation, pasture, woodland, 
wildlife) for each type of land and how to manage it for 
safe and permanent production. Classes I, II, and III are 
suitable for cultivation, Class IV is suited to limited culti
vation, and the remaining four are unsuitable for culti
vation. 

The eight classes are described in greater detail in the 
United States Department of Agriculture publication, 
"Classifying Land for Conservation Farming", which is 
listed in the bibliography appended to this paper. 

For practical purposes, it is possible to divide conser
vation methods (or measures) into two main groups: 

1. Measures that might be called "basic" methods of 

3 

BUIE 

soil conservation-those methods designed and applied to 
prevent more or less permanent damage to the productive 
capacity of the land, such as results from bodily removal 
of the soil by the various forms of accelerated erosion. 

2. Measures that might be called "fertility" methods of 
conservation-those methods designed and applied to 
prevent more or less temporary loss of productivity 
through cropping, leaching, waterlogging, and other forrns 
of damage which do not remove the soil itself, but which 
must be controlled if the land is to be used to its maximum 
capacity. 

In the first group are such methods as terracing, contour 
tillage, crop rotations, contour strip-cropping, rotation 
grazing, gully sloping and planting, and the growing of 
shelter-belts and wind-breaks. 

In the second group are such methods as drainage, irri
gation, the application of manure, compost, synthetic 
fertilizer, and lime, the growing of leguminous and other 
types of cover and green manure crops, and crop rotations. 

Many methods used to protect or improve the fertility 
of the soil also aid directly or indirectly in preventing 
erosion. The proper application of manure, for example, 
not only restores plant nutrients to the soil and thereby 
raises its fertility level, but also puts the soil in better 
condition to absorb water and resist erosion, and increases 
plant growth to provide better ground cover. 

Conversely, many methods employed to protect the 
land against permanent loss of productivity also con
tribute to the fertility of the soil. 

The application of individual conservation measures, 
without the use of essential supporting methods, is gener
ally costly and uneconomic because it does not produce 
the intended or desired result, i.e., conservation of soil and 
water and maintenance of soil productivity. 

Land which is vulnerable to erosion cannot be sustained 
at or brought to a high level of production by "fertility" 
methods alone. A field or pasture riddled with gullies or 
stripped of soil to sterile subsoil, chalk, or bedrock cannot 
be restored to its former productivity in any manner now 
regarded as economically practical, for many generations 
to come. 

Inasmuch as the specifications and usefulness of indi
vidual conservation methods vary vvidely in their details, 
in accordance with the varying characteristics of the land 
and climate from place to place, no useful purpose would 
be served by a minute discussion of any particular prac
tice. There are, however, certain basic combinations of 
measures which have demonstrated their value, both 
physically and economically. These combinations of 
methods give high promise of great usefulness throughout 
the agricultural world when local variations and adap
tations have been scientifically undertaken. 

It has been customary to think of terracing in the 
Southeastern states, where this practice has been most 
extensively used, as a single soil conservation measure. 
Actually, terraces can be properly considered only as a 
part of a complete water-disposal system for the area 
treated. For example, the channel-type terrace now wide
ly used in the United States and elsewhere is primarily a 
broad-water channel below the soil surface, supported on 
its lower side by a broad, low ridge. Such a structure 
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serves to break long slopes into a series of shorter slopes 
and thus limits the volume of run-off water to be dealt 
with to that which accumulates within the individual 
terrace interval. 

To maintain control of water collected along the terrace 
channels, some type of water-disposal area must be pro
vided. This can best be done by developing broad water
ways protected by perennial vegetation in the natural 
drainageways through fields. In order to use the natural 
topography to best advantage, it is necessary to lay out the 
water-disposal system for the entire area in advance, so 
that the water may be drained from ridges to natural 
drainageways in each field. This permits the establish
ment of perennial vegetation in the waterways before the 
terraces are constructed. \Vhere woodland or pasture 
with adequate ground cover is available, such areas may 
be used for water disposal. The cost of masonry dams or 
flumes makes their use impractical, except where overfalls 
too steep for vegetative protection cannot be avoided. 

The channel-type terrace is designed to permit the use of 
all the land in a field for crop production. The broad, 
relatively flat ridge and broad-water channel make it 
possible to plant, cultivate, and harvest crops on the land 
devoted to the terraces. All these operations must be on 
the contour, of course, with rows running approximately 
parallel to the terrace channel. Each contour row forms a 
miniature terrace, increasing absorption of rainfall and 
reducing the flow of water into the terrace channel. 

Terraces have been adapted to widely varying climatic 
conditions. In areas of high rainfall, use of channel-type 
terraces is limited to slopes of less than twelve per cent. 
On steeper slopes it is not possible to obtain adequate 
channel capacity with the relatively flat design and wide 
spacing required to facilitate farming operations, parti
cularly where machinery is used in planting, cultivating, 
and harvesting crops. A terrace system designed to control 
the maximum rainfall of a ten-year frequency is considered 
adequate for practical purposes, although some terrace 
breaks can be expected when rainfall of greater than the 
anticipated maximum occurs. 

Contour strip-cropping, or the planting of contour strips 
or bands of close-growing crops between strips of clean
tilled crops, supplements and supports terraces. If an 
entire field is planted to a clean-tilled crop, a terrace break 
at the top of the field usually causes a succession of breaks 
in the terraces all the way down the slope as the accumu
lated volume of water from each terrace above reaches the 
one below. Severe gullying of an entire field often results 
from such a series of terrace breaks during one intense rain. 
In a strip-cropped field, the close-growing crop in the strip 
below the point where a break occurs generally retards and 
spreads the water from above sufficiently to prevent 
damage to lower-lying terraces. 

Terracing and strip-cropping are particularly well 
adapted as companion measures. The terrace system sets 
the pattern for strip-cropping by marking the boundaries 
of the strips. The frequency of strips of close-growing 
crops is determined by the steepness of the slope. \Vhere 
excessively steep areas occur within fields with moderate 
slopes above and below, permanent strips of perennials 
will provide the continuous vegetative protection needed 
on the steeper areas. 
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Strip-cropping may be used without terraces, however, 
both in humid areas for water erosion control and in semi
arid areas for wind erosion control. On areas where the 
topography is irregular, terraces may be impracticable. 
Under these conditions, there is an even greater need for 
adequate vegetative protection. 

In strip-cropping for wind erosion control, the strips are 
generally of uniform width and are usually laid off across 
the direction of the prevailing wind. The strip-cropping 
confines soil drifting to a single strip where it may be more 

controlled by tillage and other operations than when 
it has spread to an entire field. Where run-off occurs, the 
strips are placed on the contour to conserve moisture. 

As in the case of terracing, modern strip-cropping is not, 
in fact, a practice. It encompasses a combination of 
good farming practices, such as proper tillage, stubble 
mulching, cover cropping, and other practices required for 
soil and water conservation under the particular physical 
and climatic conditions prevailing in the localitv. Good 
farmers everywhere recognize crop rotations as i part of 
good husbandry. Contour strip rotations are a specialized 
type of soil conserving rotation, in which the rotation is 
between strips within a field rather than between entire 
fields. 

The quality of the rotation is a factor of primary im
portance in soil conservation. An adequate soil-conserving 
rotation includes enough ground cover to reduce losses of 
soil through erosion; reduce losses of plant nutrients 
through leaching; improve the structure of the soil so that 
it will absorb water more readily; increase and maintain 
the organic matter and nitrogen supply of the soil; and 
promote high yields of cultivated crops grown in the 
rotation. 

As the steepness of slope increases, rotations must be 
lengthened, particularly by including more years of hay 
and sod crops, to prevent excessive soil losses. When 
contour strip rotations are used in combination with 
terraces, this can be done by increasing the number of 
terrace intervals in close-growing crops in proportion to 
the number of cle<m-tilled strips. The maximum feasible 
use of all kinds of cover crops is extremely important in 
warm, humid climates where rapid oxidation of organic 
matter occurs and torrential rains increase the erosion 
hazard. 

The growing of companion crops, the seeding of adapted 
summer legumes on fall-planted grain, and such combi
nations as perennial and reseeding winter legumes suggest 
other possibilities for providing continuous ground cover 
and more effective land use. 

Grass and legume residues can be so managed as to 
reduce losses of soil and water still further. Straw, stubble, 
and stalks can be left on or near the surface while the land 
is cultivated by the use of special tillage practices and 
equipment. If the stubble is too light, added protection 
against erosion can be given by roughening the surface of 
the ground. Stubble mulching is used in grain fields, in 
fields planted to row crops, in orchards, and in vineyards. 
Residue so managed protects the soil surface from the 
beating effects of raindrops and increases the absorption 
of moisture into the soil. Subsurface tillage with special 
implements to loosen the soil to a depth of twelve to 
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fourteen inches or more has been successfully used to in
:rease the absorption of rainfall. 

The intensity of cropland treatment by combinations of 
:ontouring, terracing, strip-cropping, crop rotations, 
otubble mulching, and other soil conservation methods is 
ietermined by the conservation needs of the land. Slopes 
too steep or otherwise unsuited for cultivation need to be 
kept in perennial crops that will provide continuous 
ground cover. Diversion ditches or terraces sometimes are 
needed as a part of the complete water-disposal system to 
protect cultivated land from accumulations of run-off 
water on steep slopes above and to prevent excessive 
water concentrations in gullied areas. Vegetative cover 
above such ditches is necessary to reduce maintenance 
costs. \Vhen a high gradient must be used to remove large 
volumes of water, sodded channels are required to prevent 
scouring. 

In warm, humid climates, gullied areas can be stabilized 
~imply by planting them to adapted perennial vegetation. 
In cool, dry climates, it may be necessary to slope gully 
banks and sod them with adapted vegetation. Highway 
cuts and fills present a somewhat similar problem. Road 
ditches can sometimes be protected by sodding, but may 
require high-velocity masonry channels to accommodate 
the run-off and control erosion. 

Many farms contain land that is not suited to uses that 
have been discussed. Certain lands are too steep or in
adequately drained for cultivation. Other lands are of 
such irregular topography that they cannot be managed 
under a system of proper water disposal and contour 
tillage. Such lands are better adapted to grazing than to 
any other open-land use. 

Just as land varies in capabilities, plants also vary in 
capabilities; some grow on wet land, others on uplands, 
and still others on light, sandy soils. In a scheme where 
different methods are combined to do the whole job, the 
use of all grazing land according to its capabilities and of 
different ground covers according to their capabilities and 
adaptabilities is important. 

The whole economy in many large areas throughout the 
world is built around the use of grazing lands. In addition 
to providing forage for livestock, range conservation 
practices aid in protecting watersheds and improving 
water sources. A good plant cover prevents excessive run
off and the development of flood-producing flows which 
menace or damage downstream improvements. In low
lying areas, on the other hand, drainage is needed to im
prove plant and soil moisture relations and to dispose of 
surplus water. 

Adjustments of animal numbers to acreage and quality 
of pasture, so as to avoid destructive over-grazing, and 
control of noxious weeds which crowd out valuable 
pasture and range plants are essentials in the management 
>f grazing lands everywhere. Fencing, water develop
ment, and proper salt distribution aid in obtaining proper 
distribution of livestock over the range. Some potential 
range and pasture areas, even on small farms, cannot be 
11tilized to the best advantage unless water facilities are 
provided by developing wells, springs or reservoirs. Where 
-;oil and moisture conditions are suitable and economic 
returns justify, seeding with adapted species of plants 
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yields high returns. Measures which protect, develop, and 
improve the native vegetation are less impressive in im
mediate results, but are equally effective. 

In areas where water periodically inundates low-lying 
range lands, shallow drainage ditches, usually constructed 
in conjunction with major channels on a watershed basis, 
are useful in disposing of the surplus water. Closely 
related to water control is water spreading, a type of im
provement especially suited for lands of gentle slope to 
which water from permanent or intermittent sources can 
be diverted at reasonable expense. Water spreading gives 
remarkable increases in yields in semi-arid regions and 
provides insurance against unexpected droughts in humid 
areas. 

Some steep areas of erodible soil cannot be safely or 
permanently used except for woodland. Other sandy, 
relatively sterile lands are most useful and profitable if 
devoted to and managed for production of forest crops. 
Many mistakes have been made in the past by clearing 
land that looked promising for cultivation, but later 
proved unprofitable. Much of this land will have to be 
reforested to get it back into production. On treeless 
plains, farmers often go to considerable expense to plant 
trees on their best land because of their protective value 
and their usefulness in producing posts and fuel. In ad
dition to the value of forest products, forest cover over a 
large aggregate area has an enormous value in regulating 
stream-flow, reducing the hazard of floods, and maintain
ing the ground-water supply. 

Orchards and vineyards present a peculiar conservation 
problem because of the almost invariable selection of 
sloping land as sites for producing these crops. Terracing 
and contour planting are therefore important. Orchard 
terraces are generally smaller and more closely spaced 
than terraces in general crop fields. Fruit trees are com
monly planted on the terrace ridge, and under certain 
conditions individual terraces may be built for each tree. 
Where graded terrace channels are used, vegetated water
ways must be provided for water disposal. Bench terraces 
are commonly used for orchards on areas having a general 
slope greater than 10 per cent. Cover crops and stubble 
mulching in combination with terracing and contour 
planting protect the ground surface, conserve moisture, 
prevent leaching, and supply organic matter for the soil. 

Drainage and irrigation, although not directly involved 
in erosion control, are used effectively in combination 
with other soil conservation methods. By making ad
ditional land available for row crops, they relieve the 
pressure on other land not suited for crop production, thus 
promoting better land use. In some areas, drainage and 
irrigation are used as companion measures. Water stored 
in reservoirs during drainage operations in wet seasons 
may be used for irrigation of crops during dry periods. 

Before drainage operations are undertaken, it is neces
sary to determine the productive capacity of the land and 
whether the cost-benefit ratio will be satisfactory. Proper 
drainage requires construction of major outlets, construc
tion of open-ditch or under drains for field drainage, and 
provision for adequate maintenance of the drainage 
system when constructed. Maintenance requires removal 
of vegetation and silt accumulations from the drainage
ways and proper soil management, including crop ro-
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tations, between ditches or tile lines to assure satisfactory 
functioning of the drainage system. 

Irrigation is not necessarily limited to arid climates. 
Supplemental irrigation may be useful in humid climates 
to promote succulent growth of pastures and forage and 
seasonal production of fruits and vegetables. Sprinkler 
irrigation, which is being increasingly used on high-value 
crops, is considered the most efficient method of water 
application under most circumstances. In arid or semi
arid areas, soil alkalinity must be considered and provision 
made to overcome this condition where it exists. Rotations 
help to maintain a good soil structure and promote high 
yields which are essential in this expensive type of farming. 

In addition to land that is suited best to the production 
of crops, livestock, or wood products, there is some land 
that is suited best to the production of wildlife, or for 
which the chief value is watershed protection or re
creation. Some of this land can be productively used only 
when it is made to yield furbearers, game birds, and 
mammals, or some other wild crop. Some of it may be 
capable of rather intensive use, but because of economic 
conditions or size of the area may be most efficiently used 
when it is designed and treated as wildlife land. Pro
duction of wildlife on such land helps to assure the use of 
every acre for the purpose to which it is best adapted. 

Farm ponds, which are essential for livestock pro
duction in areas where running water is not available, also 
may be used to provide water for irrigation, for spraying 
fruits and vegetables, and for fish production. Successful 
fishponds require correct stocking, fertilizing, adequate 
erosion control, and avoidance of excess water. 

In the final reckoning on physical methods of soil 
conservation, the key is careful physical analysis of the 

land, acre by acre, to determine as precisely as possible 
the productive capability of each acre and its conser
vation needs. When the land is used within its capability, 
and protected by the proper combination of conservation 
measures, scientifically applied, acre by acre, it will yield 
economic benefits far in excess of costs and provide 
mankind with abundance for uncounted years ahead. 
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Physical Methods of Soil Conservation 

M. H. KHAN and A. G. RIAZ 

ABSTRACT 

Problems connected with the adoption of a programme of soil conservation in Pakistan are briefly discussed. The 
principal difficulties are the improper use of the land, necessitated by economic factors, and a defective land-tenure 
system which results in fragmentation of holdings and reduction of the individual farm to an extremely small size. 
Unless the land-tenure laws are altered and some kind of co-operative arrangement worked out, it is not possible to 
put the land to proper use nor to have an economic farm unit. 

Against the background of these handicaps an account is given of the physical methods of soil conservation like 
terracing, ridging, contour-trenching, strip-cropping, use of stabilizing vegetation and special tillage practices that have 
been developed and used in the country. The utility of these methods is discussed with special reference to the con
ditions where the methods offer possibilities of success. 

The concept of soil conservation through means other 
than manures, fertilizers, soil-building crops like grasses 
and legumes is by no means a modern innovation. Farmers 
in all countries by experience and intelligent observation 
have developed methods to prevent soil loss and to in
crease the productivity of their lands. Terracing, field 
drainage, shelter-belt planting, construction of bunds1 to 
-~···--

1 Local term for ridges. 

catch silt and to prevent run-off, stabilization of the 
streambanks etc., have been in vogue in one form or 
another. Collation and presentation of this data on scien
tific lines, research on the improvement of techniques to 
suit special conditions of soil, climate, way of life and 
economic status of the people are, however, of recent 
origin. It is in this context that the subject of soil conser
vation is understood and advocated these days. 
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The study of soil conservation practices in Pakistan, 
varying from old and crude methods to recent attempts at 
the application of scientifically sound principles, provides 
interesting reading. It will be seen in the following pages 
that many difficulties, peculiar to our land-tenure laws, 
economic conditions and farming practices, hamper the 
adoption of a comprehensive conservation programme in 
the country. 

ADJUST:VIEKTS IN LAXD USE 

Perhaps the first essential step for the improvement of 
our land is a radical change in its use. Continuous in
crease in population has reduced per capita cultivable land 
to the ridiculously small amount of 0.6 acres. The farmers 
have no alternative source of income and try to eke out a 
living by bringing under plough the land that is too steep 
or too light to be safely cultivated. Since both the man 
and his cattle have to be feel from the produce of crop
land-the area of which is too small to admit leaving part 
of it in pasture or hay-only such crops are raised as can 
yield sufficient straw for the cattle in addition to grain. 
Being a soil-exhausting crop, maize should ordinarily be 
rotated with a less exhausting cereal or grasses and 
legumes. In the hills, however, maize follows maize year 
after year. The reason for this harmful practice is that 
maize meets the requirements of the farmer for food and 
gives a high yield of stalks for the use of cattle in the 
winter when no grazing is available in the snow. What 
other crop can replace maize under these conditions is a 
very difficult question to answer. 

The solution may lie in providing village industries as 
alternative means of livelihood for the farmer. This will 
reduce the pressure on land and make diversified farming 
practicable. Improved means of communication and in
crease in the purchasing power of the people in the plains 
may be the means of assuring adequate returns from or
chards and livestock, which industries could then replace 
farming in areas which are too steep or otherwise vulner
able to erosion. Under the present conditions the wrong 
use of the land is likely to continue. 

Another problem intimately connected with land use is 
the excessive cattle population most of which consists of 
useless scrub animals-a positive liability to the owners. 
The cattle are underfed and good neither for beef nor 
dairy purposes. Religious scruples of a large section of the 
people of the Indo-Pakistan sub-continent, which pro
hibit the killing of the cattle, and the absence of improved 
breeds have contributed to the increase of livestock, out of 
proportion to the carrying capacity of the land. In ad
clition to the bovines, large flocks of sheep and goats are 
owned by nomadic graziers who, lacking homes and 
settlements, have been for generations on the move from 
place to place. The nomads practise shifting cultivation 
and their flocks are a great menace to the vegetation, 
especially to the young forest growth and the alpine 
pastures which constitute the catchments of the important 
waterways. Fortunately, there is now a growing real
ization of the harm clone by the goats and increased 
grazing-tax rates are being levied in order to decimate 
herds. The process has to be slow because the graziers 
have no land, are not skilled in any trade, and do not 
know how to make a living except by raising goats. 
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LAND TENURE LAWS 

The laws of inheritance give an equal share of land to 
all the sons of a farmer. Having no alternative opening, 
each one has to live on the land and must therefore get 
his share. The vicious practice of each individual's claim
ing a piece of land near the ancestral home and from a 
particular plot results in fragmentation and the scattering 
of holdings. This type of division has continued for centu
ries and has led to a situation in which it is not unusual 
to find a half-acre farm scattered in three or four places, 
each at a distance of a mile from the others. The situation 
has been improved to some extent in some districts of 
the West Punjab by what is called a "consolidation of 
holdings". The underlying idea is to allot each owner land 
in a minimum number of compact plots equivalent in area 
to that of all his fields scattered in many places. This 
consolidation leads to better care of land and crops, the 
saving of labour and the paying of equal attention to 
tillage and manuring of the entire farm instead of almost 
complete neglect of the fields away from the farmstead. 

For the success of any scheme of soil conservation which 
will entail the adoption of measures like rotation of crops, 
adjustment in land use, terracing, buncling, st;rip-cropping, 
growing of farm forests, etc., consolidation seems to be es
sential. In view of the smallness of the individual farm 
(the average farm being five acres), the second im
portant condition is to create farming units of minimum 
economic size. This will involve some sort of co-operative 
arrangement wherein a village or farming community will 
manage the farms of the co-operators as a single unit. It 
will then be possible to put each plot of land to the use for 
which it is best suited. 

The tenancy laws are largely responsible for the deterio
ration of the big estates belonging to the landlords. These 
laws invariably operate against the interests of the tenants 
and in favour of the owners who are usually absentee 
landlords. The owners are interested in the maximum 
exploitation of the land in order to obtain a maximum 
income every year. The tenants have no permanent stake 
in the land and consequently do nothing to improve it. 
For instance, the tenants have no interest in growing 
trees because the trees become the property of the owners. 
Similarly, if in certain areas the tenants close parts of the 
farms to grazing in order to protect the land against 
erosion, they cannot claim the hay which is the property 
of the owner although the tenants have the grazing rights. 
Such lands are over-grazed and are deteriorating rapidly. 
N eeclless to say, the tenancy laws should be suitably 
amended so that the tenants get a fair deal. 

TERRACIXG, BUNDIXG AND COXTOUR-TREXCHING 

In the mountainous regions the rice farms and other 
f1elcls made level by building earth or stone walls to collect 
silt behind them, are a picturesque mosaic. The rice 
farmer has developed the best type of bench terrace in a 
very difficult terrain and has preserved the soil in an ideal 
condition. In the dry-farmed lands, too, sheer necessity 
to make the best of the small farms led to the construction 
of earth buncls on gentle slopes while on steeper gradients 
stone walls involving hundreds of hours of labour have 
been erected for fields no larger than a quarter acre. This 
device saved the soil in the field from washing and in a 
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few years collected enough silt behind the wall to make an 
excellent bench terrace. In fact, these terraces and rice
fields in the hills are about the best examples of soil-saving 
measures developed and practised in these remote parts 
of the world. 

In the foothills of the Punjab where the land is usually 
undulating, bunding of the fields is a common practice. 
Soil is scraped from the field by means of a shallow scoop 
hitched to an ox-driven plough and dumped on the lower 
edge of the field to form a sizable ridge for holding water 
and preventing erosion. These ridges generally follow the 
ownership boundaries and not the contour. No outlets 
are provided for excess run-off. In case of heavy down
pour, therefore, breaches occur in the ridges. The run-off 
increases in volume in the fields lower down and plays 
havoc with them. 

The use of heavy earth-moving machines like bulldozers 
and graders has been on the increase in the West Punjab 
during the last few years. Some useful work has been done 
in constructing large earthen bunds across the seasonal 
streams to catch silt for growing crops. Judicious use of 
the machinery in suitable localities is welcome but, un
fortunately, the mistaken idea of regarding the machine 
as panacea for all the ills of the land is gaining ground. 
Huge sums have been spent in breaking down big escarp
ments between deep gullies to build fields before the neces
sary soil conservation measures have been introduced in 
the catchment area above. It is not realized that even if it 
were possible to preserve the fields in the lower reaches 
without an over-all soil conservation programme for the 
catchment, the cost of levelling is prohibitive and the 
fields-made up of infertile subsoil-will not be sufficient
ly productive to warrant a heavy outlay. The financial 
aspect is overlooked because at present the operations are 
either subsidized by the Government or land revenue 
remissions are granted to the co-operating farmers. 

Contour-trenching of dry sloping lands has become very 
popular in the last ten years or so. Attempts at affores
tation in arid regions of the country have met with 
considerable success where trenches of different sizes 
(1ft. X 1ft. or 2ft. X 2ft.) and at various intervals (8ft. to 
20ft.) were used, depending on the slope and the type of 
soil. Generally speaking, the pattern follows that of the 
Gradoni trenches used in Italy for similar purposes. Soil 
is first dug out and then filled back into the trench for 
weathering and better aeration before the seeds or plants 
of the tree species are put in. The filled-in soil has a 
general back slope towards the hill. Alternately, the soil 
is heaped on the berm where planting or sowing is done. 
This technique of raising forest plantations has proved 
to be surer and cheaper than any other method. An 
indirect effect of contour-trenching the sloping land is 
the marked improvement in the growth of grass between 
the trenches. As a flood control measure contour-trenching 
is a positive asset. 

STRIP-CROPPING 

Strip-cropping has not been practised in India or 
Pakistan as, among other things, the fields are too small 
for strip-cropping. However, experiments at the Dry 
Farming Station, Sholapur (India) have amply demon-
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strated the usefulness of this soil conservation measure. 
Yields were high and run-off and erosion negligible. 

In the Darjeeling hills, where the forests near the towns 
are worked for firewood and are clear-felled before initi
ating new regeneration, an interesting modification of 
strip-cropping is followed. It is an important rule of the 
forest working plan that the width of the strip to be felled, 
which is generally a contour strip, should not be over five 
chains and that between two felled strips an unfeUed strip 
of the same width should be retained till such time as the 
felled strips are reasonably well covered with incipient 
growth. There is thus very little soil loss in the region 
where rainfall is over 200 in. a year and comes down in the 
brief span of a few months during the monsoon. 

In the future farming regime, especially in tracts where 
winds are high and harmful both in blowing off soil and in 
accelerating evaporation of the sparse supply of moisture, 
strip-cropping has great possiblities. 

STABILIZING VEGETATION 

Work in this sphere has been done primarily by the 
Forest Departments. Their efforts naturally have been 
confined to trees, shrubs and vines. Considerable progress 
has been made in experimentation with promising species 
to stabilize the banks of streams which become torrents 
and overflow during the rains, spreading sterile sand on 
agricultural lands. In the light soils of the Attock, Gujarat 
and Hoshiarpur districts of the Punjab, Phragmites karka, 
Saccharum munfa,Saccharum spontaneum,Lannea grandis, 
Vitex negundo, Arundo donax, and Ipomea carnea have 
been successfully used in building up stable banks to 
channellize the torrents. Dalbergia sissoo also has been 
grown successfully in the partially stabilized stream-beds 
behind the hedge of plants on the bank. In the hills 
willows are used for stream-bank stabilization. 

Kudzu (Ptteraria thumbergiana), an exotic, is a vine of 
great promise in covering gullies and other badly eroded 
lands. Though it has not yet been extensively used, its 
usefulness in subtropical regions both as a soil-binder and 
a fodder crop has been established beyond doubt. 

In Gorakhpur Eulaliopsis binata-an excellent grass for 
the manufacture of high-grade paper-and Saccharum 
munfa have been used in preventing sandblow from the 
dunes to the farmland. Giant star grass (Cynodon spec
tostacheum) which puts on luxuriant growth and spreads 
from rooting at the nodes has been under test and shows 
promise in localities free from the incidence of frost. 

Much needs to be done to explore and carry out re
search on the potentialities of indigenous vegetation. 
Foreign experience pertaining to the regions similar to 
ours has also to be fully utilized. 

Though shelter-belts and wind-breaks have only an in
direct bearing on the stabilization of soil, the spread of 
sand from Rajputana and Sind deserts can be checked 
only by embarking on an ambitious programme of shelter
belt planting. Since water supply is the limiting factor, 
shelter-belts can be raised only in irrigated localities. In 
the Thai project of the West Punjab, the Forst Department 
is formulating schemes for extensive planting. 
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SPECIAL TILLAGE :METHODS 

Ease in ploughing rather than ploughing along the 
contour is the guiding criterion for the farmer. Even in 
very steep places one often sees the farmers ploughing up 
and dovm or at an angle to the slope. The soil loss is 
tremendous and in a few years even the freshly broken-up 
land is turned into a scree of stones or infertile subsoil 
exposed. Persuading the farmer not to deviate from 
contour-ploughing will go a long way in preserving soil. 

Stubble is burnt as fuel instead of being worked back 
into the soil. Here again the practice is one of necessity 
because the farmer has no firewood to burn. The organic 
content of the soil is thus going down a pace. In the 
absence of commercial fertilizers, barnyard manure is the 
only fertilizer. It has been estimated by the Indian 
Council of Agricultural Research that out of the total 
cowdung production of 160 million tons (dry weight) in 
the Indo-Pakistan subcontinent, 122 million tons is burnt 
as fuel. Stubble-mulch farming and the growing of trees 
for fuel so that manure can be released for use in the fields, 
are the crying needs of agriculture in the country. 

Potato cultivation, a lucrative enterprise in the hills, is 
done in a most harmful manner. After clearing the forest, 
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virgin soil is broken up and ridges built up and down the 
slope for seeding the tubers, thus creating ideal conditions 
for soil erosion. In a few years the top-soil is all gone, 
exposing the subsoil and resulting in further gull:,ring. 
Recently the cultivation of Pyrethrzmt cinerarifoliwn, an 
insecticidal plant, in the hills of the temperate zone has 
presented the same difficulties. The plant is susceptible 
to waterlogging and is planted on ridges or beds running 
along the slopes. Unless these methods are changed and 

made along the contour \•.rith adequate outlets for 
excess water, the loss of soil from the hills will be on the 
mcrease. 

Summing up, it will be seen that fundamental changes 
in the land tenure and the creation of economically 
sound farm units consolidation are essential con-
ditions to be fulfilled before soil conservation measures 
can be applied effectively. The job will then be that of 
putting the land to use according to its capabilities, 
subject always to the economic and social bias of the 
people. In the meantime, ground-work should be con
tinued in the form of experimenting with suitable soil 
conservation methods on the lands of co-operating farmers, 
government lands and agricultural experiment stations. 
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Soil Conservation in Cyprus 

L. J. S. LITTLEJOHN 

ABSTRACT 

The characteristics of the Cyprus climate-heavy winter storms and long dry summers-are naturally liable to 
cause severe erosion. The systems of cropping-monoculture of vines or of grain-and the methods of keeping semi
nomadic free-ranging herds of sheep and goats do not lead to good land use while the customs relating to tenure and 
inheritance of land are prejudicial to sound conservation practices. Under such conditions it is not surprising that 
erosion has seriously lowered the productivity of the land. Flood irrigation of fields by the diversion and spreading 
of spate waters from watercourses which may only carry water for a few hours adds to the difficulties of erosion control. 

The techniques which the Soil Conservation Service of the Department of Agriculture are adopting in order to 
deal with the immediate need for controlling erosion under existing systems of farming and land tenure are described. 
Contour banking on arable land not liable to flooding, levelling and bunding in areas where flood irrigation is practised 
and the construction of gradoni in the hills form the three main types of work carried out and the planting of tree 
crops is encouraged wherever possible. 

Legislation affecting land use, particularly in the control of grazing, is briefly described and some recent experiments 
in the conditions of land tenure are noted. In the long run it is believed that the development of different systems of 
land tenure will have more effect on conservation practices than any other single factor. 

Historical and archeological evidence shows that Cyprus 
has been inhabited for thousands of years and there is 
every indication that the type of cultivation practised 
today is substantially the same as that which obtained in 
the time of Christ. Apart from land under perennial irri
gation (which only amounts to 3 k per cent of the total 
arable area) agriculture is based in the lowland areas on 
grain crops-wheat, barley and various legumes-grown 
on a rotation of cereal followed by a bare fallow or legume; 
in the hill areas vines form the principal crop. Tree crops 
(olive, carob, almond and other fruit are developed 
in some localities but over large areas monoculture of 
grain or of vines is the usual practice. The climate is of an 
extreme Mediterranean (winter rainfall) type with a long, 
hot and practically rainless summer extending from April 
to October. The mean annual rainfall which varies greatly 
from season to season and from place to place ranges from 
8 in. in some of the lowland areas to 45 in. in the moun
tains and usually falls in heavy and localized storms of 
relatively short duration. Such a climate is naturally 
liable to cause severe erosion on land which carries only 
vines or only grain crops, for the first winter storms fall oi1 
soil quite devoid of any vegetative cover. On top of these 
natural difficulties there has been built up a complex 
system of laws and customs of inheritances and tenures 
'~'hich were elaborated during the long period of Ottoman 
domination of the .Middle East and which, in their appli
cation to land inheritance and tenure, form the greatest 
single obstacle to progressive land use; allied to this 
obstacle is a system of animal husbandry utterly prejudi
cial to sound conservation practices. 

The average Cyprus farmer is a peasant living in a 
compact village and owning a total area of some 20 to 25 
acres of land. This is normally divided into a number of 
separate, unfenced, fields scattered all over the village 
area. On an individual's death his unmovable property
his f1elds, his trees, his water rights, his houses, etc.-are 
divided in prescribed shares among his heirs; certain types 
of property such as trees and houses may be inherited in 
different shares amongst different degrees of relationship 
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than are other types of property such as fields. Each field 
or each tree may be the subject of an individual title deed 
and, unless by agreement between the heirs, each piece of 
property may be divided into the appropriate shares. 
Thus has grown up a tangle of property rights whereby the 
land belonging to one person may have trees standing on 
it belonging to a second and be irrigable only with water 
owned by a third. This system of inheritance is deeply 
ingrained in the life of the people and it was only recently, 
in 1946, that a new Land Law laid down a minimum size 
beyond which a field could not be divided and provided 
for an owner of land to have the first right to purchase any 
trees standing on it. As may be imagined, the difficulty of 
getting general agreement for any project when, as in one 
recorded case, over six hundred persons had a proprietary 
interest in an area of 250 acres, is very great indeed. 

The chief livestock kept by the peasant are sheep and 
goats both kept principally for milk production. These 
are maintained in flocks of sixty to eighty by professional 
shepherds who usually own little or no land themselves 
and who, in addition to keeping a flock of twenty to 
thirty of their own, will look after those belonging to two 
or three other farmers. These ±locks graze on the stubble 
left after the grain crops are cut, on the natural weed 
growth on fallow land and on the extensive areas of un
cultivated state land. As a class the shepherds tend to be 
a lawless and unruly type, with little respect for other 
persons' property, and the whole practice of this type of 
semi-nomadic grazing constitutes a severe obstacle to many 
desirable agricultural practices. The non-arable land, 
subjected for centuries to severe grazing and the grubbing 
up of bushes for fuel, is in areas completely denuded 
of perennial vegetation and not only eroded out and 
unproductive itself, but, because of the high amount of 
run-off from such land, constitutes a potential source of 
danger to arable lands below. The establishment of tree 
crops moreover, extremely difftcult, for protection from 
grazing animals is almost impossible and the shepherds, 
fearing that the establishment of tree crops will reduce the 
area available for grazing, are actively inimical to any 



METHODS OF SOIL CONSERVATION 

form of tree planting and may wantonly destroy young 
plantations or, by the mere threat of doing so, discourage 
anyone from even attempting to establish tree crops. 

Under such conditions it is not surprising that erosion 
has proceeded apace and that large areas of land have 
now a very low productive capacity. But, although it is 
only within comparatively recent years that official at
tention has been drawn to the necessity of conserving the 
soil, the Cyprus farmer has for centuries been aware of the 
problem and, within the limitations imposed by his own 
small resources and the social system in which he lives, he 
has attempted to minimize the evil. In the mountain 
areas of Cyprus where vines are the chief crop, some 
districts where suitable stone is readily available have 
achieved high standards in erosion control by the con
struction of stone-walled terraces which have been, and 
still are, erected at a cost which, in terms of human labour, 
is very high indeed. Over large areas of the hill land, 
however, the geological nature of the ground is such that 
stone suitable for terrace construction cannot be obtained 
in adequate quantity and in such districts the erosion 
which occurs in vineyards is very excessive and some 
areas are becoming little better than bare rock. 

In the lowland areas the traditional form of erosion 
control is again a more or less horizontal stone bank or 
wall which in time usually tends to become overlaid with 
soil and overgrown with shrubs. Such structures act as 
water-spreaders and, although in unirrigated land they 
minimize erosion and prevent major gullies forming, they 
do not prevent the relatively rapid sheet erosion of fine 
soil from the tops of slopes towards the bottoms. It is, 
however, in the valley bottoms that such structures are 
mostly constructed and in the mind of the farmer are 
associated not so much with erosion control as with irri
gation. Few countries have carried out to the same extent 
as Cyprus the exploitation of all forms of run-off. This 
exploitation not only takes the form of controlled irrigation 
schemes with weirs, intakes and channels for the distri
bution of water from streams which flow for some weeks 
in spring, but includes also the diversion and spreading of 
water from wadis and watercourses which carry flash 
floods for only a few hours after each storm. Dry stone or 
masonry walls may be constructed across any depression 
or on any slope down which water may be directed and the 
area behind such a structure becomes in time silted up to 
form a flat field over which run-off spreads automatically 
and cascades over the wall to the next field. This "flood
ing" of fields as it is termed is a very potent factor in 
obt8-ining high cereal yields, especially in areas of heavy 
silts with a high moisture holding capacity. It adds, 
however, to the complexities of erosion control for whereas 
in most countries the aim of conservation works is to hold 
the rain on the land where it falls or, if this is impossible, 
to conduct the surplus run-off to where it can safely be 
disposed of; in Cyprus the aim of each farmer is to conduct 
surplus run-off on to his fields if at all possible. 

This brief picture of the Cyprus peasant's life and 
farming methods will, it is hoped, provide the necessary 
background against which the problems of soil conser
vation and the methods being adopted to solve the pro
blems may be placed. It is a picture of a small, highly 
individualistic peasant farmer, striving to protect his 
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property and to increase his production by whatever 
means are in his power but all the time being restrained by 
a system of land tenure which may have sufficed for an era 
when the population remained low and aimed at little 
more than subsistence farming, but is totally unsuited to 
a rapidly expanding population demanding higher and 
higher standards of living. The system is too rigid to 
permit of the progressive individual breaking out and 
leading the way and there is a sharp and unresolved con
flict between the cultivating and the grazing interests. 

The Government of Cyprus has recently established a 
Soil Conservation Service within the Department of 
Agriculture. This service aims at demonstrating modern 
conservation techniques-adapted of course to local con
ditions-and assisting farmers wherever possible to farm 
on conservation lines. Assistance may take the form of 
direct monetary assistance in carrying out soil conser
vation works or the provision on easy terms of modern 
machinery facilities. In the arable areas which are not 
subject to flooding the ideal technique appears to be the 
erection of contour banks at such intervals as, while not 
interfering too much with normal cultivation practice, will 
hold all the run-off which it is anticipated will occur from 
any one storm. It is not recommended that these banks 
should be cultivated but the land taken up can be profit
ably used by planting tree crops-olives, carobs or al
monds-in or alongside the banks. These trees enable the 
ground between each bank to be cropped in the usual way 
and provide desirable diversification of the farmers' 
products. A number of areas have been successfully 
treated in this way using a tractor and grader for the 
formation of the banks. The technique appears to be 
adequate on land which overlies an absorptive subsoil so 
that run-off accumulated behind the banks after one storm 
is absorbed before the next. In certain areas where heavy 
clays overlie an impervious rock the accumulated run-off 
does not appear to be absorbed quickly enough, and if 
storms follow in too rapid succession the banks overflow 
and break. In such areas systems will have to be devised 
for the safe disposal of surplus water. The erection of 
contour banks by machinery is of course difficult to ar
range in land where a large number of owners are con
cerned and schemes of this nature demand a unanimity 
and degree of co-operation which it is difficult to achieve. 
In many areas moreover grair:t cultivation is carried out on 
slopes which make it impossible tG apply any conservation 
measures as long as such cultivation continues. 

In land which is susceptible to "flooding" the best 
conservation practice which can be applied is the bunding 
and levelling of fields. With modern earth-moving equip
ment this can be done relatively easily and cheaply 
provided there is not too great a slope. Adequate spill
ways or channels to carry the water from one level to 
another must be provided and these form a major item in 
the cost of this type of work. So far only masonry or dry 
stone spillways have been successfully used. As the level
ling can only be done in the summer when the soil is dry, 
the first flooding takes place before any type of vegetation 
can be established in a channel so that it is difficult to see 
how any form of spillway or channel other than stone can 
be provided. This type of work is extremely popular with 
farmers as it provides immediate benefits in that it enables 
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larger areas to be irrigated, reduces the amount of labour 
required to control the water and leads to increased yields 
immediately. There is also the great advantage that 
generally each individual field can be treated on its own 
without action being dependent on co-operation from 
other persons though, of course, if a number of adjoining 
fields are treated together, a unified scheme of water 
control can be more efficiently and effectively applied. 

In the hill areas there is no doubt that a great deal of 
the steep land which is now used for agricultural crops 
should, from the point of view of good land use, be put 
under a forest crop. It is possible to bench-terrace almost 
any land and in hill areas where springs provide a limited 
amount of water for irrigation, land which appears most 
unattractive for agricultural uses has been made into 
bench-terraces with stone retaining walls at a stupendous 
cost of labour. Such work is only undertaken by the 
farmer under the stimulus of the very profitable returns 
possible by using such land for fruit and vegetable crops, 
and to terrace the large areas in the hills which grow vines 
or sometimes even arable crops on slopes of up to 25 
per cent would require a vast capital outlay which simply 
cannot be provided. Large numbers of people are never
theless dependent on the production from such land, and 
unless expropriated it is unlikely that it will ever be put 
down to forest. Methods are being tried of working such 
steep land by constructing gradoni which are simply steps 
out into the hillside with an inward slope from the front 
lip towards the hill and forming in effect a small terrace 
3 ft. to 5 ft. wide. On this, vines or almonds or any hand
cultivated crop can be planted. 

So much for the actual techniques which are being 
adopted to meet the immediate necessity of conserving 
the soil as far as possible under the present systems of 
land use. But from the long-term point of view, conser
vation of the soil-which is the main natural resource of 
the island-will only be achieved if there is a radical 
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change in the whole pattern of the agricultural and social 
system. Such a change can of course be achieved by 
revolutionary methods but this is not the type of change 
which anyone wishes to see brought about. Slow though 
their effects may be, there have already been a number of 
legislative measures which will affect indirectly the conser
vation of the soil. A Goats Law enables any village by 
majority decision at a public meeting to prohibit the 
grazing of free range goats within its boundaries while 
permitting each family to maintain a limited number of 
tethered or household goats. A village Tree Planting 
Areas Law similarly enables not more than one quarter of 
a village area to be closed to all grazing for a period of 
years. An Irrigation Division Law enables landowners to 
associate in the construction and maintenance of irrigation 
works. All these laws are being invoked by the free will of 
those concerned. It is hoped soon to have a soil conser
vation law which will similarly enable a progressive ma
jority in any area to overrule the objections or non
cooperation of an obstructive minority. At the same time 
there is an increasing awareness that methods of land 
tenure other than simple peasant ownership may have 
advantages. Two co-operative farming societies have 
recently been set up, largely on the initiative of the co
operators themselves but with very considerable official 
support and advice. Government has recently acquired 
certain large estates which belonged to the absent heirs of 
long dead Turkish nobles: these it is proposed to lease to 
co-operative land leasing societies. Such experiments may 
succeed in overcoming many of the defects of peasant 
ownership-the ineffective use of capital and the physical 
restrictions which the division of estates into fragmentary 
holdings places on the use of mechanical aids-while 
maintaining some of the undoubted advantages which a 
peasant system of agriculture possesses. In the long run, 
good land use and conservation of the resources of the soil 
will depend on the evolution of some such system of land 
tenure and operation far more than on the construction 
of mechanical devices by hand labour or machinery. 
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Physical Methods of Soil Conservation 

AUNG MYINT 

ABSTRACT 

The main object of soil conservation is to maintain the productivity of land permanently. Both sheet and gully 
erosions have destroyed large areas of good land in Burma especially in the dry zone of upper Burma for a long period 
of time, simply because there has been no adequate measure to check them. In the flat lands of lower Burma under wet 
paddy cultivation, the effect of erosion is not so serious. Our lands must be saved from erosion before it is too late by 
adopting some of the soil conservation methods of the United States. However, in introducing these methods to 
Burmese soil, careful consideration should be given to our climate and terrain and to the necessity for co-ordination of 
practices. In addition, the following economic factors are also worth considering: size of farms, ability and co-operation 
of the farmer in the application of these methods, the system of farming, financial position and status of the farmer, 
implements and equipment used. 

In the beginning soil-conservation practices should be established as far as possible with the labour and implements 
available on the farm. Some of the soil-conservation methods of the United States that can be applied successfully in 
Burma are land-use adjustment, contour ploughing, corrugated farming, terracing, strip-cropping, rotation of crops, 
mixed cropping and the use of improved agricultural implements. 

In connexion with the conservation activities of the Agricultural Department of Burma the following problems 
should be considered carefully. In each locality which has a serious erosion problem a demonstration centre should be 
established and trained staff such as soil scientists, technicians, agronomists and engineers should also be appointed. 
Mechanized equipment of both heavy and light types for use in these demonstration areas should be made available 
and other equipment for use by technicians and engineers in related fields of work should also be provided. Conser
vation education is also highly desirable to stimulate in farm people an interest in and knowledge of new methods. 

Conservation of soil is simply the efficient use of land 
for the production of things needed and at the same time 
the safeguarding of soil from erosion. It is a world-wide 
known fact that water and wind are the active forces of 
soil erosion. But in Burma water is the chief agent that 
causes soil erosion. 

The absence of adequate measures to check the soil
depleting forces of erosion has resulted in rapid and 
serious changes in the fertility and productivity of much 
of the soil of Burma. 

It is therefore absolutely necessary to bring our farmers 
to realize and to become conscious of these changes. 
Burmese farmers are now confronted with a serious 
problem of soil depletion throughout a major portion of 
the cultivated areas of the country. It is the purpose of 
this paper to deal with the physical methods of soil conser
vation adaptable to Burma conditions. 

In a country like Burma with great variety in climatic 
conditions and soil types even among localities that differ 
little in altitude, special care should be taken in intro
ducing the soil conservation methods of the United States. 

Serious sheet and gully erosions alike occur in Burma 
especially in the central or the dry zone tract which ex
tends roughly from Thayetmyo to Shwebo and is bounded 
by the foothills of mountain massifs on the east and west. 
This zone has an annual rainfall of under 45 in. and a range 
of temperature from about 60 degrees to 105 F. 
Outside this zone rainfall increases and the temperature 
becomes modified as one proceeds east, west, north or 
south. 

Because of the great variety of climatic and physical 
conditions typical of the dry zone of Burma, there is also 
a great diversity of crops. 

)J o serious erosion effect is seen so far on the more or less 
flat land under wet paddy cultivation in lower Burma since 

carefully constructed bunds or terraces for holding 
water during the growing period of paddy plants prevent 
any serious movement of the soil. Consequently the 
problems discussed in the subsequent paragraphs deal 
mainly with the conditions that are likely to be found in 
the dry zone and adjoining areas of upper Burma where 
serious, accelerated soil erosion exists. 
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SELECTIO~ OF SOIL CONSERVATION METHODS 

Indubitably conservation methods must fit our climate 
and our land as well. The land should be used for purposes 
to which it is adapted. These fundamental principles 
cannot be ignored in considering a system of conservation 
methods for most of the land of Burma. Various of 
soil conservation methods adopted in the United States are 
now available for our farmers, and for all practical purposes 
these should be used diligently and in some cases with 
slight modifications to attain the desired end. The following 
are but a few of the most commonly used soil-conservation 
practices of the United States that can be introduced in 
Burma: sound land-use adjustment, terracing, contouring, 
contour tillage, contour furrowing, strip-cropping, cover 
crops, mixed cropping or inter-planting, stubble mulching 
or mulching, crop rotation, improved of drainage 
(if the land is too wet), irrigation (if land is too dry), 
protection of water outlets, green manuring and use of 
improved agricultural implements. The exclusive use of 
one of these practices, however, cannot be expected to 
solve the numerous problems involved in crop failure and 
soil erosion of our country. Selection of the methods 
which best serve the desired purpose requires careful and 
sound judgment in many cases. 

CO-ORDI::-!ATION OF PRACTICES 

Co-ordination of the soil conservation methods selected 
into a unified programme of conservation farming is as 
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important as the selection of practices to fit the climate 
and the land of Burma. 

Each practice used on a particular land should be so 
planned and carried out that it will best support the other 
conservation methods in use. For example, crop rotation 
is recognized as good farming practice, but when combined 
with strip-cropping the result is a strip rotation, which 
gives the desired diversification and change of crops on the 
land and also helps materially in stopping soil erosion. 
Strip-cropping, again, is more effective when on the con
tour, supported by well-constructed terraces. Similarly it 
is found that almost any conservation measure recom
mended depends for its most successful use on its co
ordination with one or more of the other practices. 

OTHER FACTORS 

Assuming that all adaptable types of soil conservation 
methods can be used, when properly co-ordinated with 
each other, the conservation scheme yet may fail if other 
economic factors are ignored. It is not enough to consider 
only the climate, the land and the co-ordination of 
practices. The following factors should also be given care
ful consideration if we intend to introduce these conser
vation methods into a new place like Burma where the 
existing conditions are quite different from those of the 
United States: 

1. Economic size of the farm; 
2. Ability and co-operation of the farmer in the appli-

cation of these practices; 
3. The system of farming; 
4. Financial position and status of the farmer; 
5. Agricultural implements and farm equipment used. 
The average size of the farm in most dry-farming areas 

of Burma is about 25 acres. Generally the cash income 
derived from the sale of farm produce is inadequate for the 
needs of the average farm family, though conditions in 
Burma compare quite favourably with those found else
where in the East. Many farmers, therefore, carrying on 
general farming activities, and with no supplemental cash 
income during the busy season are compelled to borrow 
money from moneylenders and landowners usually at a 
high rate of interest. If their crops fail, so much the worse 
for them. Furthermore, a considerable proportion of our 
farmers are tenant-farmers most of whom reach an oral 
agreement with the lando\vners on an annual rental basis 
either in cash or in kind. In the majority of the cases 
tenancy contracts are almost invariably for a period of 
one year and tenants rarely continue in occupation of the 
same land for more than three years. This form of land 
tenure generally tends to prevent our tenant-farmers from 
having an economic interest in conservation farming 

slow and inefficient since most of the farmers still use 
bullock-carts for general purposes. Roads and communica
tions in some farming sections are not yet well-developed. 
There is practically no tractor or other mechanical 
farm equipment on any farm. Low farm income does not 
permit, at present, the purchase of expensive farm ma
chinery and equipment. Moreover, on most lands very 
few crops are grown primarily for the maintenance and 
improvement of soil fertility. 

It is worth mentioning here that despite all these hard
ships and difficulties, Burmese farmers do not hesitate to 
take up any new and improved methods of cultivation re
commended by the Agricultural Department. There is 
also sufficient reason to believe that the farmers are com
paratively free from the reproach of undue conservatism 
and prejudice against the introduction of the soil conser
vation methods of the United States into Burma. 

Another important point in the introduction of these 
methods is that our farmers themselves should realize the 
importance of soil erosion control and should be awakened 
to the need for protecting the productivity of their lands 
and to take a leading part in the operation themselves. In 
order to get action that will result in a sound and complete 
soil conservation programme in Burma, it is necessary on 
our part to make our farmers realize that thev are directlv 
concerned with the erosion problem on their"lands and t~ 
show them how to recognize it; to create a desire on their 
part to do something for the maintenance of the soil 
fertility and productivity of their lands; to show what can 
be done about the control of erosion on their farms and to 
demonstrate how the average farmer can, within his 
means, establish a complete soil conservation programme 
on his farm. 

CO::-ISERVATION METHODS ADAPTABLE TO Bl'RMA 

In the beginning it is advisable to establish our soil 
conservation scheme as far as possible with the labour and 
implements available on the farm. For instance, terraces 
should be constructed with a V-drag and bullock-dra\vn 
implements such as the theikpan and the Cyprus ploughs. 
The farm plan for conservation farming too should extend 
over as long a time as necessary so the farmer may be able 
to carry out most of the jobs with his own labour. In 
other words, soil conservation measures for more pro
duction must be done as far as possible by those methods 
which the farmer can afford to apply and which do not 
require a large outlay of cash. 

The following are some of the soil conservation practices 
which reduce soil erosion if properly applied, and which 
will be of great benefit to the agriculture of modem Burma. 

practice, and contributes largely to instability of agri- ADJUSTJ\IEXT IN LAND usE 

culture, depletion of soil fertility, lack of improvement in It must be admitted that most of our cultivated lands 
the method of farming, and in general to poor living have been mismanaged and no serious attempts have so 

. conditions. far been made to check soil movement. The present 
All farmers use two-bullock units as their work stock. methods of weeding and intercultivation are also verv 

The theikpan plough (an improved mould-board plough harmful since the implements are dragged in a downward 
designed by the Agricultural Department of Burma), direction encouraging surface run-off and soil-wash with 
Cyprus plough, Planet Junior intercultivator, Burmese every downpour of our monsoon rain. It is absolutely 
wooden harrow and seed drill are the more commonly used necessary on our farms to make changes in land use that 
implements. Transportation in the rural areas is also very will require a distinct change in the type of farming. Each 
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portion of land should be used for cash crop, feed-crop, 
pasture or for other purposes according to its capabilities. 
Severly eroded lands should be retired to permanent 
vegetation of perennials or pastures. It is our dutv to 
assist our farmers to develop co-ordinated and s~und 
conservation plans for their lands in accordance with the 
land capabilities. It is also desirable to have more than 
one kind of land use or type of conservation method, so 
that the farmer may be encouraged to select readily the 
treatment that fits best into his economic situation. 

CONTOUR PLOUGHING 

This practice can be introduced into most lands of 
Burma without causing any additional expenditure to the 
farmer. All tillage operations can be done on the con
tour except where the topography of the land is so ir
regular that it renders this kind of work impracticable. On 
sandy soils of undulating character in the dry zone area 
tillage operation across the slope will be a satisfactory 
substitute for contour ploughing. On all terraced fields 
ploughing should be done parallel to the terraces. Contour 
ploughing in sandy tracts of the dry zone area should be 
supported by a series of terraces. Furrows thus formed 
will not only hold more rain-water than can be obtained 
by terraces alone, but will also help maintain the terraces. 

CORRUGATED FARMING 

The practice of sowing corn, groundnut, sesame, cotton 
and other cash crops on land with a smooth surface in 
upper Burma leads inevitably to erosion. Instead of 
smoothing or levelling the surface of the cultivated land 
after seed has been sown, rough-harrowing is given 
the contour, forming a corrugation which will 
throughout the growing period of the crop. This will 
check any serious soil wash and surface run-off and even
tually encourages the penetration of water into the soil. 

TERRACD!G 

The farmers of Burma have overlooked the importance 
of soil and water conservation on sloping land. The con
tinual loss of fertile top-soil by erosion has already made 
large areas of our good farm land useless for any profitable 
cropping. Terracing is a valuable preventive measure for 
both types of erosion. It will also indirectly aid in the 
control of wind erosion (during the dry months) which 
occurs, though not very severely every year, in most 
tracts of upper Burma. Under the present economic 
conditions, it is necessary to cultivate our moderately 
sloping lands which require certain types of control 
measures if successful cropping is to be continued. Con
struction of terraces on the sloping land of Burma is one 
of the best methods in solving the present problem of soil 
loss. But it will be effective onlv if the terraces thus built 
are supported by contour tillag~ and the proper cropping 
system. Before terraces are constructed, it is important 
that consideration be to the initial cost of con
struction, to their use, and to the necessity for supple
mental conservation methods. It should not be considered 
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cover crops, and strip-cropping should be used to the ful
lest extent on our terraced fields. It is also necessary to 
note that terrace outlets should be emptied into properly 
constructed and stabilized water-ways sodded with grass. 
This would form a complete water disposal In 
actual application of terraces in fields, it is necessary to 
show our farmers that any kind of terrace can be con
structed satisfactorily by using ordinary farm implements 
drawn by bullocks such as the theikpan plough, V-drags 
and the slip scraper. 

STRIP-CROPI;ING 

Cultivation of crops on slopes of any length is always 
associated with dangerous risks if measures are not taken 
to protect the lower section of the slope from rain-water 
run-off coming from the higher section. Strip-cropping if 
properly applied may be taken as an effective erosion 
control practice for most land of upper Burma. Where 
erosion has progressed to an advanced stage, as in the 
Seikpyu township area in the Pakokku District of Upper 
Burma where most of the organic matter has been washed 
away, strip-cropping cannot be recommended. In such 
areas solid planting of erosion-resistant crops like sorghum 
or retirement to permanent vegetation seems to be the 
only feasible measure. Where the slopes are the 
grass strip must be broader than on gentle slopes the 
adjacent strips of cultivated crop must be narrow. On the 
other hand, where slopes are gentle the strip of grass may 
be replaced by any thick-growing crop like small millet or 
legumes. Strip-cropping to be an effective measure should 
always be grown on the contour. 

ROTATION OF CROPS 

The practice of rotational cropping has already been 
adopted by most of our farmers in Burma. But the usual 
cycle of groundnut, sesame, sorghum-or cotton, sesame, 
groundnut, sorghum with occasional bean crops-cannot 
maintain the soil fertility even at its present low level. 
Due to fluctuations in climate over most of the area, in
cluding irregularity and uncertainty of rainfall, a fixed 
and rigid system of rotation will not be practicable. Under 
the existing conditions in Burma, a flexible rotation is 
therefore highly desirable especially in central Burma 
where there is a wide variety of crops. The of 
rotation should be so planned that there will always be a 
substitute crop available for land on which a crop failure 
occurs. Our farmers should also be trained to recognize 
the importance of crop rotation and the necessity of fitting 
the rotation to a particular soil, the value of adopting 
cultivation practices to erosion-control needs and the use 
of crop residues and green manure crops to improve the 
water-holding capacity and fertility by adding organic 
matter to the soiL 

Experiments on rotation of crops are now being carried 
out at various agricultural stations in different localities 
of Burma with the object of preserving the fertility of soil 
and providing a variety of crops. 

that terraces are the only means for holding water on the MIXED CROPPING OR INTERPLANTING 

land. On the other hand, they are only a part of a well- This practice advocated by the Agricultural Depart-
planned soil conservation programme. Supporting treat- ment of Burma has already been adopted by most farmers 
ments, such as contour tillage, soil-improving rotations, in Upper Burma. Most grain crops offer little protection 
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to the soil against erosion. But these intersown species 
provide the farmer with a variety of crops at different 
seasons of the year, and ensure him some return when one 
crop fails as a result of prolonged drought or disease. 
More common intersown cropping systems are groundnut 
or sesame with pigeon pea (Cajanus indicus), legume, long
life cotton with sesame or legumes, and corn with beans. 

COVER CROPS 

On most farms of the United States one or more kinds 
of cover crops are grown with great advantage to protect 
and improve the soil after regular cultivated crops have 
been harvested. In Burma, too, quite a large number of 
cover crops can be introduced without much difficulty. 
There are different indigenous varieties of legumes such as 
crotalaria, vetch, and different kinds of peas and beans 
that may possibly be utilized for cover crops. 

USE OF IMPROVED AGRICULTURAL IMPLEMENTS 

At present, the modern farm machinery and equipment 
used in the United States are too complicated to handle 
and too expensive for the average Burmese farmer. Never
theless, the time will ultimately come when our farmers 
will use such machines for efficient farming and increased 
production so that independent Burma can do her best to 
contribute her portion among the food-giving nations of 
the world. The Theikpan plough, the Cyprus plough and 
the Planet Junior intercultivator are now widely used and 
are very popular in Burma. Where line-sowing of crops is 
practised bullock-drawn seed-drills are commonly used. 
However, in such a period of scientific and conservation 
farming, modern Burma is badly in need of various types 
of improved agricultural implements that are now in use 
in the United States. With regard to the introduction of 
tractors it is evident, as has already been stated before, 
that both their initial and maintenance costs are pro
hibitive to their use under present conditions. But for 
departmental undertakings such as contour ploughing, 
construction of terraces, and other erosion control demon
strations, work may be done more quickly and efficiently 
by the use of tractors and other farm equipment. 

It is therefore imperative that our Government should 
as early as possible take necessary steps to help our 
farmers in the conservation of our nation's soil resource. 

16 

In conclusion it may be stated that some of the soil 
conservation methods now in use in the United States may 
be applied in Burma without much difficulty. In con
nexion with the departmental activities in this line of 
work, the first problem to be considered is that of organ
ization. Under the supervision of the Agricultural Depart
ment a programme of work for demonstration areas will 
be developed, and soil scientists, technicians, agronomists 
and engineers, trained for the purpose of assisting farmers 
within these project areas, should be appointed. 

The second important problem is that of mechanized 
equipment. Heavy equipment, too expensive for purchase 
by the individual farmer, for such undertakings as terrace 
construction, land clearing, construction of dykes, 
drainage and ponds must be provided for use on large 
projects. Light equipment such as tractors, tillers, ploughs, 
cultipackers, harrows, tillage equipment, harvesting equip
ment, seeders and other equipment necessary for use in 
conservation farming should also be provided. All such 
equipment could be used by the farmers on a co-operative 
basis. Other equipment for use by the technicians, engi
neers and soil scientists, and items such as may be required 
for demonstration projects, must also be made readily 
available. 

A third problem worthy of consideration is that of 
conservation education. The adaptation of methods used 
by the Soil Conservation Service of the United States to 
the conditions found in Burma will be desirable for the 
purpose of arousing our people to the needs of soil conser
vation, so that our lands will become more productive and 
our people more prosperous. 

Bibliography 

H. H. BENNETT, Elements of Soil Conservation, New York, McGraw
Hill Book Company, Inc., 1947, 406 pages. 

J. S. FuRNIVALL, An Introduction to the Political Economy of 
Burma, Rangoon, Burma Book Club Ltd., 1931, 255 pages. 

T. S. THOMPSON, "Soil Erosion and its Control in the Shan States, 
Burma", Rangoon, Forest Department, Government of Burma, 
1944, 43 pages. 

United States Department of Agriculture, Year Book of 1940, 
pages 417-440. 

United States Department of Agriculture, various pamphlets and 
bulletins of erosion work in the United States on current 
developments. 



METHODS OF SOIL CONSERVATION VIAUD 

Physical Methods of Soil Conservationl 
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ABSTRACT 

The seriousness of erosion in El Salvador and the need for methods of conservation and rational soil utilization 
are pointed out. The different physical conservation methods now in use are described, showing the forms they take 
and the objects they pursue. In regard to terraces suggestions are made concerning possible changes, pointing out the 
advantages of the use of hedges of izote yucca (Y ucca elepha ntipes) planted in level rows, which tend gradually 
to form banked terraces. 

Under the heading "Special Methods of Cultivation" it is explained that agriculture should adapt itself to the 
physica l conditions of the region. Some systems of cultivation in use in El Salvador are set forth and the problem of 
the burning-over of farm land is dealt w ith. 

In regard to stabilizing vegetation the cover plants introduced into agriculture in El Salvador are mentioned; it is 
suggested that the land between the rows of maize should remain covered during the rainy season. Protecting plants 
are also mentioned and the advantages of the use of mulch on the soil in the coffee plantations are dealt with. 

Finally the readaptation of land in El Salvador is discussed with reference to the food and economic problems 
which this would involve and the author stresses the importance of methods of soil conservation to counteract erosion 
and the need for a rational utilization of the soil according to its capacity. 

I NTROD UCTION 

Soil erosion is one of the vital agricultural problems 
which we are now facing in El Salvador. 

In the Lempa River Valley alone an average of 12,324,510 
metric t ons are lost each winter, which is equivalent t o an 
annual loss of t op soil layer 30 em. in thickness over an 
area of 4, 108 hectares. 

The way in which the land is misused as regards its 
capacity and adaptability is noticeable throughout the 
country , particularly in places where food crops are sown 
and that means in practically all cultivated fields; hence a 
ra tional use must be made of the soil and methods of 
conservation must be introduced promptly if the country 
is to be able t o support its growing populat ion and if the 
irretrievable destruction of its natural resources is to be 
avoided. 

PHYSICAL :\iETHODS OF SOIL CONSERVATION 

Contour cultivation 
Contour cultivation is well known but not much in use 

in El Salvador where the coffee planters are almost alone 
in using t he methods of sowing along contour lines. 

A contour line is a line drawn on the surface of the 
t errain in such a way that all the points on that line are on 
the same level. 

Contour cultivation consists in ploughing and sowing 
along level lines, tha t is to say, taking into account the 
different slopes of the t errain . In the method of contour 
sowing each furrow t ends to reduce the run-off of rain
water and so t o prevent erosion. Contour cultivation oft en 
by itself controls erosion on land with up to 5 per cent 
differentials in level and may, particularly on permeable 
soil, retain as much as twice the quantity of moisture 
retained on land where cultivation does not t ake the slope 
into account. 

In El Salvador new coffee plantations are planted along 
·::ontour lines whilst in the old coffee plantations quickset 

1 Original text : Spanish . 

17 

hedges of izote (Yucca elephantipes) a:re placed in level 
rows among the coffee trees. 

On slopes with a more than 5 per cent gradient contour 
cultivation has t o be supplemented by other methods of 
soil conservat ion, such as strip farming. 

Strip farming 
Farming may be carried on in strips laid out in parallel 

lines following various contour levels. The width of the 
strips depends on various factors such as the gradient 
and the length of the slope; it may be 5 t o 15 metres on 
fairly st eep slopes, and 15 to 50 metres on gentle uniform 
slopes. 

The purpose of strip farming is that dense crops like 
leguminous plants or grass should be planted between 
strips of clear crops like cotton or maize so as t o prot ect 
the latter against erosion. The dense crops disperse the 
water and reduce the speed with which it runs off and t hus 
enables the moist ure t o penetrate the soil more easily. 

Figure l. National Agronomical Research Centre: Strip farming. 

In the last three years the yield from the rice, maize and 
leguminous planting in strips and in rot ation has been 
increasing more or less st eadily in the Nat ional Agro
nomical Research Centre and has at all times been higher 
than the yield from continuous cultivations where the 
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strip method was not used. Measurements of the top soil 
seem to indicate that more soil has been conserved on the 
rotation strips than on the land farmed by continuous 
cultivation. The soil losses of a field sown in strips depend 
on the condition of the crops at the time of the heavy 
rains. 

Strip farming is not yet popular in El Salvador; never
theless, it might be used with advantage in various places 
where short slopes of 150 metres or less occur. 

Terraces 
The broad Nichols-type terrace is unknown in El Salva

dor where the only form of terrace built is the narrow 
banked terrace, particularly in coffee plantations where 
the embankments are almost vertical; the width of these 
terraces varies according to the slope of the land and is 
approximately 1.25 metres in its upper part on slopes with 
a 35 to 60 per cent gradient. The terrace platforms slope 
inwards at a gradient of 5 to 8 per cent from the outer to 
the inner edge. They are not equipped with drains but 
usually there are anti-erosion and ventilating trenches and 
cuttings for collecting moisture in the rear of the terraces 
(see drawing). The trenches are 2.50 to 4 metres in length 
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Figure 2. Drawing-Banked terrace. 

and 0.40 to 0.45 metres in depth. The length of the trench 
grows less as the slope increases. On land with a more 
than 50 per cent gradient the cuttings are 0.83 to 1.25 
metres in length. Between the trenches a space of ap
proximately half the total length of the trench is left. The 
trenches and cuttings are kept clean during the rainy 
season to catch the rain-water, reduce erosion and keep 
the moisture in the ground; during the dry season the 
cuttings are filled with vegetable waste for the purpose of 
forming humus and preventing the land from drying out. 

The drawback of the trenches is that when they are dug 
it is impossible-owing to the limited space of the terrace 
-to avoid cutting the roots of shade trees and especially 
the roots of coffee trees, which are thus exposed to the risk 
of fungus disease; in addition the subsoil taken from the 
trenches, if these are very deep, may be scattered on the 
surface of the terrace and so cover the fertile soil. 

The embankments of the terraces are usually protected 
by quickset izote hedges which offer good protection; 
nevertheless the embankments should be less vertical, 
that is to say, from 1:1 to Pj2 : 1 (in this ratio the first 
figure refers to the horizontal and the second to the vertical 
dimensions) and should in addition be protected by per
manent vegetation or non-erosive material, such as rocks. 

In El Salvador banked terraces are built by hand on 
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land with 20 to 85 per cent gradients. When the 83-cm.
square seed-holes are made on the contour level, the earth 
excavated is left at intervals of 1.67 or 3.34 metres at the 
lower edge of the hole; in this way the border of the terrace 
is gradually formed and is subsequently built up properly. 
The earth of the embankments has to be raked and 
scattered over the level surface of the terrace so as to 
cover the subsoil that may have remained on the surface 
when the terrace was built. 

Instead of the trenches and cuttings, drainage channels 
not more than 182 metres in length might be constructed 
on the inside edge of the terrace; these channels should 
slope slightly, so that the water may run off slowly and 
have time to penetrate the soil. 

The surplus water would be discharged into a natural 
or artificial outlet. 

The distance between the terraces is the same as that in 
which the lines of coffee trees are usually sown, that is to 
say, 2.50 to 3.34 metres, but it would have to vary ac
cording to the permeability of the soil and the angle of 
elevation. Ground with little fertile soil or terrains where 
land-slips are likely to occur are not suitable for the con
struction of banked terraces. In these cases it would be 
preferable to have cover plants or mulch between the 
coffee trees. 

The cost of building the banked terraces in El Salvador 
fluctuates between 20 and 26 dollars per hectare. 

A relatively economic, though slow, method of forming 
banked terraces consists in sowing izote hedges in level 
rows and allowing the terrace gradually to accumulate; 
but it is necessary to supplement this with additional 
work on the platforms and with drainage channels on the 
inside of the terrace as formed. Izote, one of the liliaceae, 
propagates satisfactorily by shoots under the not-too
strong shade of the coffee plantations but will not grow in 
dense shade. It grows better at altitudes between 4,000 
and 5,000 ft., forms longer leaves and its stem develops 
better than in low-lying land, ultimately, when the stems 
join up, growing into barriers and at the end of two or 
three years forming a virtual rampart protecting the soil 
from erosion. It costs about 60 cents, U.S. money, to sow 
a dense izote hedge 100 metres in length; as a rule 25 to 
30 such hedges are formed per hectare. Hedges of elephant 
grass (pennisetum purpureum), guinea grass (panicum 
maximttm) and other forms of grasses sown along contour 
lines will in time, on sunny ground, form narrow banked 
terraces. These types of grasses should be kept at a height 
of about 50 em. by clippings. 

At the Experimental Station, on land with a 20 per cent 
gradient, the thickness of the topsoil at the end of three 
years was 53 em. behind grass hedges as compared with 
31 em. in front of the hedges. 

One of the chief advantages of terraces is that they 
break the slopes, that is to say, they convert one long 
slope into a succession of short ones and, where the slope 
is short, the loss of soil is less. In addition, the terraces, by 
reducing the speed with which the water runs off, keep the 
soil moist and in this way help the growth of seeds and 
keep the water inlets permanently supplied with water. 
They also increase production. On some coffee plantations 
in El Salvador the harvest has increased from 0.46 metric 
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Figure 3. Izote hedges, banked terrace and moisture-retaining 
cuttings in a coffee plantation. 

tons to 1.04 metric tons per hectare after the construction 
of terraces. The advantage of the terraces formed by 
means of izote or grass hedges is that they form slowly 
without greatly modifying the profile of the soil, which is 
the case when terraces are built by hand or by machines. 

Special methods of cultivation 
For the purposes of soil conservation the methods of 

.:ultivation which increase the penetration of water in the 
soil and reduce evaporation are a vital point. 

Unploughed soil may not prevent the roots of plants 
from penetrating but may make it difficult for water to 
seep through. According to experiments conducted by 
~eal and mentioned by Baver, a hardened surface of land 
during a heavy rainfall discharged ten times as much water 
as a ploughed surface, which indicates the need for making 
the soil more permeable by means of cultivation during the 
rainy season. Conversely, if the rainfall has been slight, 
cultivation may hasten evaporation. It must not be for
gotten that soil also absorbs water more readily if organic 
matter has been added to the soil in the form of dung, 
green manure, residual waste-matter from harvests and 
by the sowing of leguminous plants and grasses. 

The infiltration of water is naturally more important in 
El Salvador where most of the sowing is made on steep 
land. Nevertheless, soils rich in humus and generally 
covered with dead leaves, as is the case in the coffee 
plantations, are in good condition as regards permeability 
and usually do not require ploughing. 

Amongst the methods of cultivation employed in El 
Salvador we shall mention: 

(1) Cleaning by hand and burning, followed by surface 
ploughing and sowing. 

(2) Preparation of the land by disc ploughing or mould
board ploughing. 

(3) Cleaning by manual labour and sowing with the 
planter, that is to say, by means of a long pole with which 
holes are made in which the seed is placed. This is the 
method of sowing usually employed on steeply sloping 
land where ploughing is impossible. 

At the National Agronomical Research Centre it was 
found after three years of experiments that maize with 
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Figure 4. National Agronomical Research Centre: Izote hedges 
along contour lines for new coffee plantations. 

green manure yields 20 to 30 per cent more grain than 
that without manure. Still, further research will have to 
be carried out concerning the time when the green manure 
is to be added and concerning the period of its effective
ness. So far, the best point of time seems to be early in the 
rainy season. 

Disc ploughing has also given good results on light soil. 
Lower crop yields result when the cleaning is done by 
manual labour or where the ground is burned over and the 
planter is used for sowing. It must be noted, however, that 
if the planter is used for sowing, excessive erosion on steep 
slopes is usually avoided. 

There has been much discussion about the question of 
burning over the land, some thinking that it is beneficial, 
while others think that it is harmful because it destroys 
organic matter. 

In El Salvador the farmers usually cut the whole under
growth, the grass and the maize stubble, that is to say, the 
carbonaceous matter, and burn it before sowing maize or 
other crops. This is an easy method which suits them 
because the resulting harvest is usually good. 

It has also been observed that results are not so good 
when vegetable waste matter is added to the soil. What 
happens is that, as the farmers do not use nitrogenous 
fertilizer, the micro-organisms in the soil retain the ni
trogen while they use it for decomposing the carbonaceous 
matter. This might be avoided by the use of any kind of 
nitrogenous fertilizer on land where carbonaceous stubble 
is turned into the land instead of being burned. 

It would also be advisable to sow non-carbonaceous 
leguminous plants which, on being turned into the soil, 
produce matter with a high nitrogen content which the 
micro-organisms use for decomposing that matter so that 
the remainder of the nitrogen remains in the soil. 

To sum up, when carbonaceous matter (grass, maize 
stubble and undergrowth generally) is added to the soil 
instead of being burned, nitrogenous fertilizer must also be 
used; when non-carbonaceous matter (leguminous plants 
generally) is added to the soil, nitrogenous fertilizer is not 
needed and the soil is enriched. 

As regards the effect of fire on the physical properties of 
the soil, burning is harmful, particularly if the soil con-
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tains a high percentage of clay. If vegetable waste matter, 
whether carbonaceous or not, is added to the soil, the 
physical properties of the soil are invariably improved. 
Thl! practice of burning, though apparently presenting 
some temporary initial advantages, is impoverishing the 
fertility of the soil in El Salvador and is an important 
factor in the increasing rate of loss of soil and water. 

Special stabilizing vegetation 

Among the cover plants which are beginning to be used 
in El Salvador we find the lablab bean (dolichos lablab) and 
the velvet bean (styzolobium deeringianum) which form a 
dense cover and may be used for green manure and fodder 
and are very valuable in regenerating exhausted soil. 

So as not to leave the land bare between the maize 
during the rainy season (May to November) experiments 
are being made with sowing ayote squash (cucurbita pepo) 
which is harvested as a green vegetable in August when it 
is replaced by the black bean (phaseolus vulgaris) ; the 
latter is harvested toward the end of November when the 
rains stop. The question still to be determined is whether 
these protecting plants will not affect the production of 
maize. 

Figure 5. National Agronomical Research Centre: Hedges of 
cymbopogon citratus and pennisetum purpureum protecting contour 

cultivations at San Andres. 

The question of the protection of the soil in coffee 
plantations is complicated owing to the shade. However 
the indigo creeper (indigofera endecaphylla), the jack-bean 
(canavalia ensiformis), the centrosema pubescens, some 
crotalaria and certain types of shrubs seem to tolerate a 
fair amount of shade and satisfactorily protect the soil; 
this is particularly true of the indigo plant which forms a 
real vegetable blanket. The roots of some of these plants 
are quite deep and do not compete with the roots of the 
coffee plants; but the cover plants must be cut back 
during the dry season lest they take moisture away from 
the coffee plants which have fewer leaves when they grow 
among cover plants throughout the year. 

When a thick dressing of mulch (preferably consisting 
of waste from leguminous plants) was applied over a 
period of three years, it not only kept the coffee plantation 
at an 11 per cent humidity to a depth of 15 em. (as com
pared with 7 per cent without this dressing) but also in
creased the growth of the coffee by almost 46 per cent 
during the dry season and 10 per cent during the rainy 
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season. The average yield per tree was 2,4 76 grammes 
with the dressing as compared with 1,142 grammes with
out it. 

Rational utilization of the soil 

There will have to be a readjustment in the use of land 
if each type of land is to be put to its best use. An attempt 
should be made to discontinue gradually the cultivation of 
clear crops such as maize in mountainous areas which 
owing to their topography, liability to erosion and other 
factors are suitable only for the cultivation of a permanent 
cover such as pasture land and woods. This type of soil 
represents approximately 60 per cent of the land in El 
Salvador•, but of this 60 per cent only 324,896 hectares are 
under cultivation, not counting land used for pasture. If 
from this figure we deduct the Ill, 7 92 hectares plan t ed to 
coffee and likely to remain so if erosion in the coffee plan
tations can be controlled, we are left with an area of 
213,104 hectares planted to cereals, beans, sugar cane and 
other crops, most of which would have to be readapted to 
more suitable forms of cultivation, such as orchards, 
maguey, pasture land and woods. The lowland areas at 
present bearing pasture would on the other hand have to 
be converted to cereal farming. 

In any changeover of farming in certain zones economic 
factors like the market for fruits, fibres and constructional 
timber will at all times have to be taken into account. 
Research might also be carried out on methods for ex
tracting the fibre from the izote plant. The leaf of the 
izote plant, though short, produces a very fine and re
sistant fibre but so far no method has been found for 
extracting this fibre commercially. To achieve this end 
maize might be sown between hedges of izote and in this 
way the soil would be protected and one crop of cereal and 
one of fibre would be obtained. 

Figure 6. National Agronomical Research Centre: Narrow banked 
terraces with embankments protected with paspalum notatum. 

The readaptation of the greater part of the land now 
used for food crops would involve feeding problems for the 
rural population. This difficulty might be solved by im-

2 Figures supplied by the Institute of Inter-American Affairs. 



METHODS OF SOIL CONSERVATION 

provement of the coastal areas of El Salvador where fertile 
lands exist which might be developed by intensive culti
vation to yield crops far in excess of any now being 
produced in the mountains. It is estimated that if selected 
varieties of maize and rice (Venezuela maize No. 3 and 
Fortune rice) were sown, these lands would produce per 
hectare as much as two or three hectares sown with native 
maize or rice produce on steeply sloping land. Further
more, on levelland, farming can be mechanized and green 
manure and fertilizer can be used to advantage. It is 
clear, however, that the farmers in the coastal areas will 
only sow cereals if they find buyers and that country 
farmers who plant orchards or maguey will have to wait 
about five years before they can sell their produce and 
have the means to buy maize. Hence we consider that a 
rural credit system on the lines of the United States 
Agricultural Adjustment Administration (A.A.A.) is in
dispensable. 

CONCLUSIOX 

After a review of the physical methods of soil conser
vation the conclusion is reached that such methods are 

ARENA AND QUEVEDO 

absolutely necessary on account of the serious agricultural 
and economic problems raised by erosion. These methods 
are supplemented by purely agronomical methods such as 
rotation of crops and the sowing of leguminous plants and 
grasses; all these methods are in our opinion indispensable 
in El Salvador. A start should also be made immediately 
with a readaptation of the land; this might be difficult but 
can be achieved gradually if we all appreciate its vital 
importance. 
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Agro-Technical Reorganization of the 

Wind-Eroded Pampa Areal 

ANTONIO ARENA and C. V. QUEVEDO 

INTRODUCTION 

As a result of the investigation and study of the agro
ecological, economic and social conditions of the wind
eroded pampa area, the Soil and Agro-Technical Institute 
has published a basic work entitled "Wind Erosion in the 
Pampa Area and Plan for Soil Conservation" (Ministry of 
Agriculture Miscellaneous Publications, No. 303). This 
work contains recommendations for the reorganization of 
agriculture and cattle-raising with a view to soil conser
yation. 

Some steps have already been taken to apply the eco
nomic, agro-technical, forestry, educational, experimental 
and legal measures which it proposes, by initiating work 
directly or indirectly connected with the recommen
dations, as follows: 

ECONOMIC MEASURES 

The economic measures recommended include the 
following: 

(a) Determination of the minimum units of land neces
sary for rational exploitation of the soil in such a way as to 
ensure its conservation. 

(b) Determination of the type of exploitation most suit
able for the promotion of livestock-raising and the im
provement of pasture-land in conformity with the 
n~commendations of official bodies which have studied 
the question. 

1 Original text: Spanish. 
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(c) Partial suppression of the system of rent-payment 
in kind, and of contractual clauses imposing certain types 
of work or cultivation prejudicial to the quality of the soil. 

(d) Reduction of loans on mortgage and other security 
to reasonable limits, and their guarantee by a proper use 
of the soil and by units of land of sufficient size. 

This economic aspect of the matter has been considered 
in detail by the development organizations, such as the 
Banco de la Naci6n Argentina, the Banco Hipotecario 
Nacional and others, which are at present studying the 
recommendations to be made with regard to the sale of 
land, the subdivision of fields etc., with special reference 
to the question of land units of sufficient size and the 
reduction of loans on mortgage and other security. 

In addition, the text of the recently passed Act No. 
13246 on Rural Leases and Partnerships refers to this 
matter. As regards the safeguarding of the national soil, 
Article 8 of this Act states: 

"Any irrational exploitation of the soil which may lead 
to erosion, deterioration or exhaustion is prohibited, not
withstanding any clause to the contrary in the relevant 
contracts. 

"The Ministry of Agriculture shall establish the tech
nical conditions under which exploitation may be con
tinued, after performance of the required soil conservation 
work. 

"The lessee may choose either to cancel the contract, or 
to carry out the work on behalf of the lessor if the latter 
does not complete it within the prescribed time-limit, the 
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lessee being then entitled to retain such part of the land as 
corresponds to the cost of the said work. 

"If performance of the work totally or partially inter
feres with the use and enjoyment of the land, the lessee 
may obtain a reduction in, or even complete exemption 
from rent payments for the period in question. 

"If erosion, deterioration or exhaustion occurs for 
reasons of force mafeure or through the fault or negligence 
of the lessee, the lessor may claim cancellation of the 
contract." 

Thus it will be seen that the economic aspect has re
ceived due attention from the organs responsible for or 
connected with development. 

AGRO-TECHNICAL MEASURES 

Measures initiated include the following: 
Adoption, as a common practice, of systems of tillage 

specially favourable to soil conservation, such as sub
surface tillage, strip-cropping, contour-line cultivation, 
crop rotations appropriate to the area, dissemination of 
useful fodder crops, use of stubble mulch etc. This aspect 
of the work is being dealt with by the Soil and Agro
Technical Institute and the General Forestry Adminis
tration. The latter has initiated an intensive campaign 
for the defence of the soil, promoting afforestation and 
reafforestation, encouraging the more widespread use of 
trees and increasing the number of forest nurseries etc. 

As regards the agro-technical aspect, the Soil and Agro
Technical Institute is carrying out a plan of research and 
dissemination of information on special conservation 
measures. To this end it is conducting demonstrative 
tests in contour-line cultivation, strip and terraced 
cropping, subsurface tillage, the stabilization of sand
banks and so on. 

EDUCATIONAL MEASURES 

These include the following: 
(a) Experiments concerning the various aspects of 

erosion and the retention of water in the soil, a problem 
closely connected with the increase of wind erosion. 

(b) Dissemination of basic knowledge on soil conser
vation and the importance which should be attributed to 
it in an agricultural and stock-raising country, beginning 
with simple lecture courses at agricultural schools and 
societies etc., and gradually extending to other educa
tional spheres. 

(c) Practical and complete demonstrations in the field 
to enable farmers to follow the entire conservation process 
step by step. 

The Soil and Agro-Technical Institute has already 
begun work on these three aspects; on the experimental 
side it has the collaboration of the Directorate of Research 
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Stations in carrying out a series of experiments with a 
view to studying and solving the problems of soil and 
water conservation. 

The dissemination of information by means of lectures, 
courses and meetings, with appropriate illustrations, is 
being carried on as intensively as resources permit. 

Practical demonstrations carried out in the field by 
collaborators under contract have proved one of the most 
effective methods of teaching soil conservation, and the 
Soil and Agro-Technical Institute has devoted special 
attention to this method. 

LEGAL MEASURES 

The passage of laws and decrees concerning the land, 
such as the Defence of Forest Resources Act, the above
mentioned Act on Rural Leases and Partnerships, the 
Decree on Marginal Areas etc., has now made it possible to 
regulate the use of land. 

Decree No. 31 812/48, making the delimitation of eco
logically marginal areas compulsory, constitutes an im
portant legal measure as it takes into account fundamental 
aspects of soil conservation. 

The preamble stresses the need for agricultural ex
ploitation of the soil to conform to technical standards 
such as will ensure the maintenance of its productivity, 
and consequently the Ministry of Agriculture is ordered to 
delimit the marginal areas for each type of agrarian pro
duction, with a view to effecting the necessary re
adjustments both in the use of the soil and in the farming 
and credit systems; for it is by co-ordination between the 
organs responsible for the economic, technical and re
search aspects of the problem that the best plans for the 
working of the soil and the maintenance of its pro
ductivity, can be evolved. 

The provisions of Act No. 13273 on the Defence of 
Forest Resources emphasize the importance of soil conser
vation and the need to preserve the soil by controlling 
forest exploitation, encouraging afforestation and thus 
regulating the use of the soil in order to maintain a defen
sive cover against erosion. 

Lastly, mention should be made of a draft National Soil 
Conservation Act which is being prepared, and which will 
constitute a vital piece of legislation, embracing the most 
varied aspects of the conservation of that basic renewable 
natural resource of the Argentine economy: the soil. 

This Act will provide regulations to govern the use of 
the land; to organize agro-technical planning, which is 
fundamental to a knowledge of the soil; to establish 
edaphological standards for settlement, credit, agricultural 
insurance and land tenure; to establish agrological 
standards for the irrigation system; and to institute a full 
soil conservation programme. 
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Experiments with Methods for the Conservation of Soils and 

Moisture in the Semi-Arid Region of Argentina! 

ANTONIO J. PREGO and LUIS A. TALLARICO 

ABSTRACT 

The semi-arid region of Argentina covers an area of approximately700,000 sq. km. extending from the northern 
boundaries of the country to Patagonia; it includes parts of eight Argentine States. 

This large area, bounded by the isohyets of 500 and 800 mm., is characterized by an irregular rainfall in two different 
seasons of the year. 

The land is practically flat or slightly undulating, with the exception of the ranges of hills of Salta in the north, 
Cordoba, San Luis and Santiago del Estero in the centre and La Ventana in the south. 

Two main phyto-geographical formations prevail in the greater part of the region: in the centre and north there 
are xerophil woods, alternating partly with Chaco parkland, and, in the south with pampas prairie-land. 

In the centre and south of the region under consideration the composition of the soil is predominantly sandy; in the 
north, on the other hand, there is an abundance of fine and medium elements in the soil. 

From the ecological point of view, the basic aspects to be considered are the extreme conditions of the environment 
which produce the following phenomena: normal dry period at the end of winter and the beginning of spring, coinciding 
generally with a period of strong continuous winds; extreme temperatures and high coefficients of evaporation and 
transpiration. To this should be added the existence of a serious wind-erosion problem, aggravated by the intervention 
of man in the form of irrational utilization of the soil. 

These important factors, which limit the productive capacity of the soil, deserve serious attention, since their 
continuation would entail permanent reduction of output, a matter of serious moment to the well-being of the population 
of this zone. 

Realizing the need to rationalize agriculture in the extensive region under study, the Soil and Agro-Technical 
Institute has started a series of experiments, based on the technical principle that soil and water conservation should 
be considered as an indivisible whole. 

Experimental work undertaken has been grouped under three headings: storage and conservation of water in the 
soil; prevention of wind erosion; reclamation of sandy soil and binding of sand-dunes. 

Research on the storage and conservation of moisture consists of comparative tests of different methods of soil 
treatment and cultivation in each locality, the standard size of lots being 10 X 30 metres in sets of three, distributed at 
random within the blocks so as to render possible a statistical interpretation of the results. 

With a view to illustrating the form of experimental plan selected, we have included the outlines of two tests con
ducted at Las Brenas (Chaco) and General Pico (La Pampa). 

Amongst the technical methods of preventing wind erosion tested, are subsurface cropping and wind-strip cropping. 

With respect to subsurface cropping, a description is given of the instruments used, the tillage tests carried out 
and the results obtained in tests with crops sown in soils cultivated under a mulch. Certain observations of interest 
concerning experiments with the duck-foot ploughshare are made. 

In the tests concerning wind-strip cropping, it is being endeavoured to ascertain the behaviour of various species 
used as protective crops, the most suitable width for the strips occupied by the basic crops and the protective crops, 
the advantages andjor disadvantages of using annuals or perennials as protective (:rops, the economic aspects of this 
method etc. 

Experimental work on the reclamation of sandy soils and the binding of sand-dunes has consisted in testing two 
types of wind intensifiers, using vegetable residue of various origins for the covering of sand-dunes, and experimenting 
with species not yet used in Argentina for the purpose of permanently binding them. 

INTRODUCTION 

The chief purpose of the present paper is to describe the 
nature, extent and characteristics of the research work 
already carried out and still in progress by the Soil and 
Agro-Technical Institute of the Ministry of Agriculture 
concerning methods for the conservation of soils and 
moisture in the vast semi-arid region of Argentina, which 
extends from the northern boundaries of the country to 
Patagonia, partially covering eight Argentine States. 

1 Original text: Spanish. 
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CHARACTERISTICS OF THE SEMI-ARID REGION OF ARGEXTI;\IA 

In the northern half of the Argentine Republic, the 
isohyets indicate a regular and progressive decrease in 
rainfall from the north-east coast of the country towards 
the west and south-west, diminishing from 1, 700 mm. in 
the Territory of Misiones to 100 mm. at the foot of the 
Andes. 

The region lying in the 500 to 800 mm. rainfall belt 
extends longitudinally through the centre of the country, 
and covers an area approximately equal to one-quarter of 
the total, or about 700,000 sq. km., running from latitude' 



UNSCCUR PROCEEDINGS: LAND RESOURCES 

22 degrees at the northern tip, beyond Formosa, to lati
tude 39 degrees in the south. The mere mention of this 
figure shows the extreme importance for Argentina of 
work for the conservation of water in the soil. 

In order to grasp the problem of semi-aridity as a 
whole, it should be remembered that the rainfall system 
obtaining throughout the greater part of the vast area 
indicated comprises two quite different yearly seasons: 
the winters are dry, and the rains occur at the end of 
spring, in the summer and at the beginning of autumn. 
The duration of the dry and rainy seasons is variable, the 
former increasing in length towards the west. As a conse
quence, water conservation must take into account the 
annually repeated problem of the extreme dryness of the 
soil at the beginning of spring. 

This irregular distribution of rainfall over the year 
causes seasonal droughts even in zones where the rainfall 
greatly exceeds 800 mm., so that conservation work can
not be confined to the zone described, although this is 
where the need is most pressing. 

It is interesting to note that not all the semi-arid 
regions, even in the case of zones with a similar rainfall, 
offer the same serious difficulties to the raising of crops. 
For example, in the south of the Province of Buenos Aires, 
the environmental conditions as regards the supply of 
water for vegetation are much more favourable than in 
the east of the Province of Santiago del although 
the rainfall is similar. This is due to climatic differences 
which cause a clear distinction between the two environ
ments. 

Another important characteristic of the Argentine semi
arid region is the predominance of flat or slightly undu
lating country, interrupted only by the hills of Salta in the 
north, Cordoba, San Luis and Santiago del Estero in the 
centre and La Ventana in the south. This type of relief 
facilitates utilization for farming and stock-raising allow
ing of the application of simple conservation methods 
over 80 per cent of its total area. 

As regards plant geography, there are two types of 
vegetation covering most of the area. In the centre and 
north of the semi-arid region the predominating vegetation 
consists of scrub or xerophil woods, alternating here and 
there >vith Chaco or pampas parkland and in the south 
with pampas prairie land. 

Agriculture and stock-raising in this region are particu
larly important in the south central area, and especially 
its eastern half, the most important activities being the 
cultivation of cereals, sorghum and alfalfa and the breed
ing of cattle and sheep, the latter in the west. In the 
northern part there is very little agriculture, such as there 
is being limited to cotton growing, sorghum and a very 
little wheat, while cattle, sheep and goats are bred. 

As regards the production of cereals in the central 
southern part, cotton in the north and fodder crops 
throughout the area, there are good prospects of in
creasing yields and extending the areas under cultivation, 
since modern methods recommended by agricultural 
experts are at present used only in exceptional cases. 

BASIC PROBLEMS OF FARMING AND STOCK-RAISING 

From the point of view of climate, the chief aspects to 
be considered are the extreme conditions of the environ
ment, which produce the following phenomena: normal 
droughts at the end of winter and the beginning of spring, 
which generally coincide with a period of strong and 
continuous winds; extreme temperature and a high degree 
of evaporation. The latter is the logical result of the 
drought in this region, aggravated by the velocity and 
dryness of the wind and the high temperatures. 
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The climatic features already described are particularly 
liable to cause serious damage to the soil of the centre and 
south of the semi-arid region, owing to its predominantly 
sandy composition. As a logical result of the combination 
of climatic and soil conditions mentioned, the centre and 
south of the semi-arid region are faced with a serious wind 
erosion problem, aggravated locally by man as a result of 
irrational utilization of the soil. 

The northern part of the region possesses a soil in which 
medium or fine elements predominate and hence the 
phenomenon of wind erosion is unknown or is of little im
portance where it does occur. 

A point worth emphasizing is the existence of water 
erosion at numerous points in the semi-arid hilly region, 
and this is sometimes observable in conjunction with wind 
erosion in the centre and south. It clearly shows the un
methodical way in which the soil is utilized, since proper 
utilization of the scanty supplies of rainwater would 
prevent damage from run-off. 

These important factors in the limitation of production 
should be squarely faced, since their continuation would 
mean a permanent reduction in yields, with harmful 
effects on the condition and welfare of the population. 
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Figures l and 2. Effects of soil erosion: 
wind erosion and water erosion. 

An improvement in agricultural and livestock pro
duction would raise the standard of living, which, in ad
dition to alleviating the hardships of life in a harsh en
Yironment (a duty incumbent upon the State), would 
encourage the settlement of the rural population, a 
problem of increasing importance. 

Consideration of the various factors set forth above 
resulted in the planning of a series of measures which, 
taken in conjunction, would tend to increase the welfare 
of the rural population in the semi-arid region of Argen
tina and at the same time provide adequate protection for 
the soil, the physical foundation of the country's life. 

The Soil and Agro-Technical Institute quickly realized 
the importance of making full use of the semi-arid region, 
and accordingly made plans, within the scope of its avail
able resources, for the initiation of a series of experiments, 
simultaneously with a campaign to popularize the prac
tices and basic principles involved, since its technical 
experts are convinced that in addition to carrying out 
experiments, it is equally necessary to educate the agri
cultural population so as to create a state of mind favour
able to co!lservation which, in addition to protecting the 
soil, will make it possible to improve the social and eco
nomic position of the population. 

Finally, while keeping within the technical scope of the 
problems under consideration, it was taken as an axiom 
that the conservation of soil and water should be studied 
;ts an indivisible whole in order to achieve valid results. 
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EXPERIMENTS WITH METHODS 

FOR THE CONSERVATION OF WATER AND SOIL 

The experiments undertaken in the semi-arid region of 
Argentina may be classified under three main headings in 
accordance with their chief purpose, and will be dealt with 
under the following three chapter headings: (1) storage 
and conservation of water in the soil; (2) prevention of 
wind erosion; (3) reclamation of sandy soil and binding of 
sand-dunes. 

STORAGE A~D COCfSERVATION OF WATER IN THE SOIL 

As already mentioned, farming and stock-raising in the 
semi-arid region of Argentina are hazardous undertakings 
owing to the existence of adverse conditions in the en
vironment which react unfavourably upon the develop
ment of crops and pasture land. The two main factors 
which have to be envisaged in seeking methods of combat
ing the adverse conditions of the environment are firstly, 
lack of rainfall with the consequent deficiency of soil 
moisture at critical periods, particularly for crops whose 
growing period coincides with winter and spring, as they 
often do in this region, and secondly, the existence of wind 
erosion in varying degrees in the centre and south of the 
region. 

Under this general heading have been included three 
groups of tests directed towards the same end but carried 
out by different methods. 

Firstly, a series of tests carried out on small plots 
grouped in blocks distributed at random. 

Secondly, a series of tests carried out over large areas, 
intended chiefly to ascertain differences produced by the 
use of different agricultural implements. 

The third group consists of experiments with contour 
cultivation on undulating ground. 

Tests regarding storage and conservation of moisture 

As a general rule it was decided to carry out research in 
the field by means of comparative tests of different 
methods of soil treatment and cultivation in each locality, 
the standard size of the plots being 10 by 30 metres, in sets 
of three, distributed at random amongst the blocks so as 
to render possible a statistical interpretation of the results. 

Fairly large lots were chosen because it was thought 
necessary to till the soil with ordinary machinery similar 
to that used in large-scale farming in the hope of 
eliminating factors arising from artificial conditions in 
the tests. 

In each locality attention was paid to the most im
portant crops, and in all cases control tests representing 
the general usage in the small farms of the zone were in
cluded. 

The following are the general features of the various 
tests carried out in the semi-arid region. 
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Methods of plMtghing. With the purpose of keeping a 
layer of dead material on the surface of the soil, the 
following three systems were used: x - ordinary: general
ly an ordinary plough with a share and toothed harrow; 
xx- intermediate: plough, harrow or double-shared two
way disk plough; XXX- subsurface tiller with a duck-foot 
share. Another method considered was lister ploughing. 
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Characteristics of crops. Apart from the choice of early
cropping varieties adapted to local conditions, consider
ation was given in the experiments to the distance 
between rows, systems of sowing and treatment of seed. 

Green manure. A common problem in the semi-arid 
region is the low organic content of the soils. For this 
reason all the tests included the growing of green manure, 
generally graminaceous plants in the autumn and winter 
seasons and leguminous plants in the spring and summer. 
It was endeavoured, according to the possibilities of each 
case, to study various forms of ploughing the crop back 
into the ground: (a) deeply, with the ordinary shared 
plough; (b) intermediate, forming a mixture of soil and 
vegetation with a two-way disk harrow; (c) forming a 
surface layer or mulch by use of the duck-foot. 

Fallow. Suspension of all cultivation and maintenance 
of a clean fallow, open to the penetration of moisture into 
the soil, either throughout the year, or during the spring 
and summer season or part of it, was included in all the 
tests carried out to ascertain the efficacy with which the 
moisture was retained in the soil from one season to 
another. 

To provide an illustration of the experimental planning 
system chosen, we give below the programme of two tests 
now being carried out: the first at Las Brefias (Chaco) in 
the semi-arid cotton zone and the second at Pico (La 
Pampa) in the marginal wheat zone. 

Las Breiias (Chaco) test- Description of methods used 

I. Summer fallow ploughed with duck-foot plough. 
Sown with alfalfa in autumn 1948. 

II. Annual fallow ploughed in the ordinary way with a 
mould-board plough and a disk harrow. Sown with 
maize in the spring of 1948. 

III. One year fallow, ploughed with a lister plough. 
Maize in spring 1948. 

IV. One year fallow ploughed with a duck-foot plough. 
Cotton in spring 1948. 

V. Cotton in 194 7 planted at the usual intervals for the 
zone. Cotton again in 1948. Control. 

VI. Cotton in 1947 in double rows one metre apart, 
with intervals of 2 metres between every two rows. 
Cotton 1948. 

VII. Maize in 194 7 at the intervals usual in the zone 
(80 em. between rows). 

VIII. Maize in 194 7 in double rows 80 em. apart, with 
intervals of 1.60 metres between every two rows. 

IX. Sunflowers in 194 7 at the intervals usual in the 
zone (70 em. between rows). 

X. Sunflowers in 1947, in double rows 70 em. apart, 
with intervals of 1.40 metres between every two 
rows. 

XI. Kaffir in 194 7 with intervals of 2 metres between 
rows, for cutting and silage at the end of January 
1948. Then a short summer fallow period under 
mulch, sown with barley for green fodder in autumn 
1948. 

XII. Cowpea, intervals of 70 em. betw('en rows, ploughed 
under with ordinary plough. 

XIII. Cowpea, intervals of 70 em. between rows, ploughed 
under with disk harrow. 

XIV. Cowpea, intervals of 70 em. between rows, subsur
face ploughed with duck-foot plough to form a mulch. 

XV. Barley sown broadcast for green manure, ploughed 
in with an ordinary plough. 

XVI. Barley sown broadcast for green manure, ploughed 
in with disk harrow. 

In view of the excessively large area used for tests of 
this type, which distribute the various forms of treatment 
over a wide surface with a consequent increase in the 
experimental error, it was decided as far as possible to 
carry out separately the tests of ploughing organic matter 
back into the soil in the form of green manure and using 
different cultural practices. In view of the dimensions of 
the lots, the tests of this type started subsequently re
duced the number of operations; related groups of oper
ations were duplicated in different tests. 

With the object of adapting planning and the conduct 
of the experiments to local methods, meetings were held 
between the technical experts stationed in the zone and 
responsible for conducting the experiments, and the 
personnel of the specialist service entrusted with the or
ganization of the experiments throughout the semi-arid 
region of Argentina. In each case the necessary adjust
ments were made after full discussion. 

The second of the experimental plans consists of a test 
carried out in the Pico zone of the National Territory of 
La Pampa, in the marginal wheat zone of the south
central part of the country. This test was started in 1948, 
and the following operations are projected for 1949. 

I. Ploughing with an ordinary shared plough after 
harvesting the wheat in 1948; second ploughing 
and harrowing with toothed harrow before sowing 
the wheat, at intervals of 15 em. between rows. 
This operation is for purposes of control. 

II. Ploughing with duck-foot share after harvesting 
the 1948 wheat crop, repeat this ploughing before 
sowing with wheat at intervals of 15 em. between 
rows, the usual distance in the zone. 

III. Ploughing with ordinary shared plough after 
harvesting the 1948 wheat crop; second ploughing 
and harrowing with toothed harrow before sowing 
the wheat, at intervals of 30 em. between rows. 

IV. Ploughing in of stubble of Sudan grass harvested in 
February 1949, with an ordinary shared plough; 
second ploughing if necessary and harrowing with 
toothed harrow for sowing of wheat at the ordinary 
intervals, i.e. 15 em. between rows. 

V. Continuation of fallow from previous year, cleaned 
with duck-foot shared plough; wheat sown at 
intervals of 15 em. between rows. 

VI. Ploughing in of stubble of sweet sorghum, harvest
ed in February 1949, with a two-way disk harrow; 
before sowing the ground will be ploughed with an 
ordinary shared plough and harrowed with a toothed 
harrow, the wheat being sown at intervals of 
15 em. between rows. 

VII. Ploughing in of millet stubble from crop of Febru
ary 1949, with a duck-foot shared plough, plough-
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ing repeated before sowing with wheat at intervals 
of 15 em. between rows. 

VIII. Ploughing wheat stubble from the 1948 crop with a 
duck-foot shared plough, second ploughing before 
sowing with wheat at intervals of 30 em. between 
rows. For sowing wheat, the ordinary season for 
the zone in accordance with the variety selected 
has been chosen. Sowing will take place in May 
1949. 

Tests including the features mentioned in the two plans 
given above were started in 1946 at intervals in the follow
ing districts of the semi-arid region, running from north to 
south: Las Brefias (Chaco) , Pozo Dulce and Selva (San
tiago del Estero) and General Pico and Guatrache (La 
Pampa). Owing to various difficulties, chiefly technical, 
t ests undertaken at various points in the semi-arid region, 
for example at Anatuya (Santiago del Estero) , Manfredi 
(Cordoba) etc. unfortunately produced no result. 

Similarly, the difficulties inseparable from the early 
stages of any enterprise have arisen in the tests now being 
conducted in the five localities first mentioned, but they 
have served to improve the planning and organization of 
the investigations in progress. 

Ploughing tests 

With a view to a specific study of the influence of the 
ploughing system or yields, a series of t ests were planned 
to provide data for comparison between different types of 
ploughing. 

The primary purpose of the tests is to ascertain the 
possibility of improving the utilization of rain-water in the 
semi-arid region and protecting the soil from erosion in 
the central and southern areas, where it is particularly 
affected by the action of the wind. 

In the various tests now in progress the following 
systems of ploughing are being studied: ordinary, inter
mediate, undercover or subsurface and lister. 

This group of tests is essentially designed to meet the 
need for simplification and specialization in the more im
portant branches of technical research carried out by 
means of storage tests conducted at the experimental 
stations, and its outstanding characteristic is that the 
tests cover large areas and follow the lines adopted for 
economic reasons by the large-scale farming common to 
the zone to which they refer. That is to say, it includes the 
basic crops of the region, the ploughing methods con
sidered most suitable and the use of the simplest and 
most widely-used machinery for the methods selected. 

Experiments of this type are now in progress in the 
following areas of the semi-arid region of Argentina: 

Las Brefias (Government of el Chaco) . 
General Levalle (Province of Cordoba). 
Cuenca (Province of Buenos Aires). 
General Pico (Government of La Pampa). 
Guatrache (Government of La Pampa) . 
At Las Brefias the test consists of comparison between 

the ordinary and lister cultivation systems. 
At General Levalle the comparison is between the sub

surface and ordinary systems, and the same applies to the 
t·~st being carried out at General Pico. 
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At Guatrache the experimental study refers to the 
following methods : (a) the ordinary method with an or
dinary bladed plough; (b) the intermediate type, with a 
harrow; and (c) subsurfacing with a duck-foot plough; 
(d) lister system, combining ploughing and sowing; (e) the 
ordinary method, with an ordinary shared plough, but the 
ploughing deferred until the ground is prepared for sowing, 
as against the four previous treatments where the plough
ing is carried out earlier in order to store the summer rain
fall. 

The Cuenca test includes the use of a type of maize 
common in the zone and a hybrid of better quality, both 
sown on the following types of seed-bed : (a) autumn
winter fallow, with ordinary ploughing; (b) autumn
winter fallow with subsurface ploughing and duck-foot 
plough; (c) stubble left untouched until the time of sowing, 
when it is ploughed in the ordinary way. 

These experiments will provide a series of data on the 
basis of which it will be possible to judge the results of the 
systems of cultivation tested. 

Tests with contour ploughing 

The greater part of the surface of the semi-arid region is 
fiat, which considerably facilitates the use of agricultural 
techniques for the better utilization of rainfall. 

There are, however, extensive areas of land with vary
ing degrees of undulation, in which the surface erosion of 
rainwater is serious and increases in proportion to the 
slope . . 

Figure 3. Contour cropping. 

In these undulating areas the basic agricultural t ech
nique for the better utilization of the scanty rainfall is that 
of contour ploughing. Where the slope exceeds 5 per cent 
more or less elaborate structures may be erected, in ac
cordance with the characteristics and the gradient of the 
slope, in order to ensure suitable conservation of the water 
and to avoid the disastrous effects of its concentration at 
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those critical points which are clearly revealed by the 
deep erosion gullies appearing in the semi-arid region. 

The tests with contour ploughing took two forms, con
tour ploughing proper and the construction of simple 
terraces for absorption of water or contour terraces. 

The test now in progress at Las Brefias in the northern 
part of the country includes the cultivation of cotton on 
contours; two systems of sowing are being compared, the 
ordinary and the lister system. 

In the south of the region at Luan Toro (La Pampa), 
experiments in terraced cultivation over large areas have 
been carried out, and valuable results have been obtained 
in the form of a greater yield than that obtained from the 
ordinary cropping methods of the zone. 

PREVENTION OF WIND EROSION 

The surveys carried out made it possible to formulate a 
series of technical recommendations, intended to bring 
about a better use of the soil, in which the basic principle 
would be the conservation of fertility and of the soil itself. 

As a preliminary to a campaign to promote the use of 
the technical methods of agriculture advised, it was 
thought necessary to carry out a methodical programme 
of experiments in order that popularization of these 
methods of combating wind erosion might rest upon a 
solid basis. 

The tests, which have been in progress since 1945, cover 
most of the wind erosion zone; in fact, the system of 
experimental work covers an area from Rio Tercero 
(situated in the northern part of the zone) to Bahia Blan
ca, in the southern part of the area where erosion is con
siderable. 

The lack of official experimental establishments suit
able for the purpose made it necessary to carry out these 
soil conservation tests on farm and lying in the zone under 
study; for this reason the present experimental work is 
only intended as a guide, that is to say, it is considered as 
a preliminary contribution to future research to be carried 
out when the necessary means are available. 

The nature of this experimental work requires that 
relatively large areas generally greater than 10 hectares, 
should be covered. This fact, combined with rational 
distribution over such a large area, will make it possible to 
draw valid conclusions. 

As it was realized that it would be difficult to make any 
substantial change in the methods and systems of soil 
utilization sanctified by tradition, an effort was made to 
adapt the experimental plans as far as possible to local 
usage, that is to say, to use equipment, machinery, 
methods of cultivation etc., familiar to the people of the 
district. 

Accordingly the experimental work carried out in all 
cases answers to local conditions, striving only to eliminate 
those situations and practices most conducive to intensi
fying the phenomenon we are trying to combat. 

The planning and execution of the tests are in the hands 
of technical experts of the Conservation and Improvement 
Division of the Soil and Agro-Technical Institute of the 
Ministry of Agriculture. The technical personnel of this 
Division organizes the various tests and then, while they 
are in progress, makes periodical visits of inspection to 
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study their development on the spot and thus obtain the 
greatest possible amount of information until such time as 
the tests are finally completed. 

According to the means available and the needs estimat
ed as being most urgent, tests have so far been carried out 
on g~iding principles of subsurface tillage, wind-strip 
croppmg and reclamation of sandy soil and binding of 
sand-dunes. 

Tests with subsurface tillage 

Tilling the soil at unsuitable times with inadequate 
machinery-such as an ordinary shared plough-has been 
one of the chief causes of the acceleration of wind erosion 
in this country; other reasons have contributed to this 
phenomenon, but to a lesser degree. Hence one of the 
chief requisites of a full solution of the problem must be 
the replacement of the ordinary shared plough by special 
tillage implements which can work the soil without ex
posing it to erosion. 

Results obtained in other countries by subsurface 
cultivation suggested the desirability of experimenting 
with this type of ploughing, but the lack of special ma
chinery on the local market made it impossible to carry 
out such measures immediately. 

For the reasons already given, and fully realizing the 
magnitude of the problem of wind erosion in the country, 
the Soil and Agro-Technical Institute decided to carry out 
a series of tests of various types of machinery for sub
surface tillage. 

(a) Implements used. The tests with subsurface tillage 
started with the use of ploughs with modified shares, that 
is to say, ploughs with the mould-board removed. Natu
rally, since the plough as a whole was designed to carry 
out a certain type of work, the removal of the mould
board upset the balance of its functioning, which resulted 
in irregular and broken ploughing, small strips of ground 
being left untouched with the vegetation intact. 

Owing to the difficulties mentioned, it was decided to 
abandon tests with ploughs with modified mould-boards, 
and efforts were directed to the construction in Argentina 
of specialized machinery for this type of tillage. 2 

After tests with the different implements named, at the 
suggestion of the Soil and Agro-Technical Institute, it was 
decided to use duck-foot shares and mould-board ploughs, 
after removing the various parts attached to the shaft, the 
latter being left completely bare. 

2 One of the principal Argentine agricultural implement factories 
agreed to construct the necessary instrument. They constructed 
for the purpose a cultivator with a strong frame able to take either 
a duck-foot or straight single share. 

Generally speaking, when duck-foot shares were affixed to the 
frame, satisfactory results were obtained. It was noted that at a 
shallow depth (position 3) the shares came to the top on becoming 
clogged with the abundant stubble lying on the surface. At a 
greater depth (position l) the draught was enormous and frequently 
exhausted a team of six horses. The lack of a circular coulter was 
doubtless one of the causes of the difficulties encountered. 

The behaviour of the single straight share was found to be un
satisfactory, owing to perpetual clogging caused by the short 
distance between the blade and the wheels, and also by the absence 
of a circular coulter. 

The various drawbacks mc·ntioned are of a purely mechanical 
nature and can be remedied by further studies, a task upon which 
the technical experts who took part in tllese tests are now engaged. 
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After numerous tests, a type of share was adopted 
which, with certain modifications, answered to the de
scription given in the publication mentioned in the foot
note. 3 These characteristics are : 

(a) Angle of opening of the cutting edges: 63 degrees. 
(b) Width of the cutting edge: 10 em. 
(c) Length of the cutting edge : 65 and 90 em. (accord

ing to the number of shares on the plough). 
(d) Height from the foot of the plough to the hinder 

edge of the blade: 2.5 em. 

(e) Thickness of the vertical support: 1 em. 
(f) Span of the cut at each passage of the share: from 

65 to 90 em. 

F igure 4. The duck-foot plough share fitted t o ordinary mould
board ploughs. 

In the case of ploughs with two shares, the length of the 
cutting edge is 65 em. and in the case of ploughs with 
three sha res it is 90 em. ; in the latter case only two duck
foot shares are used, and the centre shaft is not used so as 
to prevent clogging by vegetation and consequent hin
drance to tillage. 

(b) Tests with subsurface tillage. The first stage of the 
experiment consisted in subsurface tillage of the soil at 
various st ages of erosion, an endeavour being made to find 
soils showing different st ages of cohesion and covered with 
veget ation of different t ypes, growth and thickness, in 
order to approximate the conditions in which the work 
was carried out to the various situations which might be 
encountered on the ordinary types of farm. 

Apart from the recognized effectiveness of subsurface 
t illage, confirmed by these preliminary tests, as a method 
of combating erosion, its practical application raised 
certain questions which need t o be studied carefully in 
order to find an adequate solution. 

On completion of this first phase in the experiment with 
the duck-foot share, a series of conclusions of great 
mterest to the country were reached. 

" Carl L. E nglehorn, "The effect of tillage on soil and moisture 
conservation and on crop y ields at Langdon and Edgeley and at 
other pomts m North Dakota", 1943, Agricultural Experiment 
Station, North Dakota Agricultural College. Bullet in No. 341, 
August 1946. 
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Figures 5 and 6. Ploughing of the soil: above, soil submitted t o 
subsurface tillage with duck-foot plough shares; below, soil with 
wheat stubble, tilled in t he ordinary manner (right) and with a 

one-way disk (left). 

One such conclusion refers to weeds. From September, 
when most of the weeds begin to grow, until the end of 
November, the period during which the soil is most liable 
to be affected by erosion, their roots develop only very 
slightly, generally to a length of less than 5 em. Thus 
hardly any of the roots are cut when the soil is tilled with 
a duck-foot share, the weeds continue to grow and plough
ing is thus partly wasted. If seed were sown on soil tilled 
as described above, the weeds would choke the cultivated 
plants and cause the crops to fail. 

In spite of this, there are many pos~ibilities for the appli
cation of subsurface tillage, despite the drawback which 
we h ave just pointed out. For example, if the ploughing 
were carried out in December, a suitable month, the roots 
of the weeds could easily be cut by the duck-foot share, as 
at this time their length is over 10 em. The foregoing 
applies equally to the cultivation of sunflowers, maize, 
sorghum etc. 

The same system can also be applied with great ad
vantage to the cultivation of malting barley, which is wide
ly grown in the wind erosion zone. This is sown in July 
and August when there are no young weeds, so that the 
chief objection to t he syst em is obviated. Further, in 
the months mentioned above, soil erosion is particularly 
intense, so that subsurface tillage is the most suitable and 
rational method of preparing land for the sowing of malt
ing barley. 
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No difficulties arise in regard to tillage for the culti
vation of cereals such as wheat, oats, rye etc., since at the 
time when these ripen (in autumn), the weeds have com
pleted their growth cycle and have a powerful root system 
which can easily be cut and destroyed by the duck-foot 
share. Also the soil is generally covered with stubble, the 
roots of which need not be cut as they are the remains of 
dead vegetation. 

Another important point brought out by these tests is 
the absolute necessity of fitting the ploughs with circular 
coulters, which are commonly used, though they are in 
many cases removed by the farmers. If such coulters are 
not fitted on the ploughs, the shares frequently become 
clogged and the work is not satisfactory. 

Mention should also be made in this summarv of the 
economy achieved in these cases by the use of subsurface 
tillage. By using a three-share plough, to which only two 
duck-foot shares are fitted with a 90 em. cutting edge on 
the front and rear shafts, leaving the centre shaft empty, a 
width of cut over 1.50 metres broad is obtained; with 
three ordinary ploughshares a strip only 0.90 metres wide 
is tilled. 

The foregoing is a general description of the obser
vations made during the preliminary experiments on sub
surface tillage carried out during 1946 and 194 7. 

(c) Tests with subsurface sowing. We deal next with the 
tests on subsurface cultivation proper, that is to say, 
work including the ploughing of the soil by the method 
described above and sowing various species on soils al
ready tilled in this manner. This last stage was started in 
1947 and still continues. 

For the purpose of obtaining comparable data, an area 
equal to that used for the test was in each case tilled and 
sown in the ordinary way; the tillage of the lot used for 
the test and of the lot used for control was carried out 
simultaneously. 

It should be noted that land liable to erosion was always 
chosen for the tests. 

The area covered by the tillage tests since this type of 
experiment started in Argentina has been 250 hectares, 
and the following species have been sown: wheat, rye, 
malting barley, Sudan grass and sunflower. 

The tests were carried out in the localities of General 
Pico, Trenel, Metileo, Eduardo Castex and Speluzzi in the 
Territory of La Pam~a and San Joaquin, General Levalle 
and Manfredi in the Province of Cordoba. As regards the 
tests with the duck-foot share, these were extended to 
include the Province of Santiago del Estero and the Terri
tory of the Chaco. 

\iVheat was the species used on the largest scale in these 
experiments; its behaviour was practically the same with 
both systems of tillage, and it was found during growth 
that there were no significant differences in the develop
ment and density of the crop. 

With respect to the state of the soil in relation to the 
process of erosion, it was noted in many cases that erosion 
had started on soil tilled with an ordinary share plough, 
and that this did not occur when there had been subsurface 
tillage. The absence of erosion in the latter case should be 
attributed to the number of clods of earth raised by the 
tillage and the protection given by vegetable residue. 
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The yields obtained on soils subjected to subsurface 
tillage were almost the same as those obtained on the 
control plots ploughed in the usual way. This was the 
case during the two agricultural seasons included in the 
experiment, that is to say 1947-1948 and 1948-1949. 

In the cases where sunflower was used, the situation was 
as has been previously described for wheat, that is to say, 
the state of the plants during their growth, and the yields 
obtained, were about equal in soils undergoing subsurface 
tillage and control soils ploughed with a mould-board 
plough. 

In the experiments with rye and Sudan grass, a new 
factor intervened, as those species are grazed during a 
large part of their cycle of growth. 

Although certain differences were noticeable at the 
beginning of the period of growth of rye and Sudan grass 
sown on ground undergoing subsurface tillage and on 
control ground ploughed in the ordinary way, these differ
ences disappeared as soon as the animals were turned out 
on the different lots. The grazing and consequent tramp
ling of the ground equalized the conditions of the soil and 
the plants in each system, a fact which was reflected in the 
yields, which were very similar in both cases. 

To sum up the observations made in the experiments 
with subsurface cultivation carried out in the wind erosion 
zone, it may be stated that: 

(a) Subsurface tillage leaves on the surface of the soil a 
cover of vegetable residue which protects it effectively 
from the erosive action of the wind and thus allows a 
greater storage of rain-water; 

(b) This system of ploughing offers no difficulty if a 
duck-foot share, fitted to ordinary mould-board ploughs is 
used; 

(c) The duck-foot share fitted on ordinary ploughs 
penetrates easily into the various types of soil existing in 
the semi-arid region; it works at the depth desired, and it 
is possible to vary this in accordance with the needs of the 
ploughing; 

(d) Clods are frequently formed even in very powdery 
soils; 

(e) The presence of tall, dense vegetation presents no 
obstacle to ploughing, provided that a circular coulter is 
fitted to the front of the shares; 

(f) When the roots of the weeds are short, ploughing 
must be postponed, a circumstance which has no effect 
upon the future development of the crops; 

(g) It is possible to carry out the sowing with ordinary 
seeders directly onto ground which has undergone sub
surface tillage as the seed falls on the soil turned up by the 
pressure of the chains fitted to such machines; this is 
possible owing to notable decrease in the thickness of the 
cover of vegetable residue which occurs a few days after 
subsurface tillage has been carried out in the conditions 
prevailing in the wind erosion zones; 

(h) The yields hitherto obtained from plots submitted to 
subsurface tillage are similar to those obtained in soils 
submitted to ordinary mould-board ploughing; 

(i) It is essential to intensify experiments on subsurface 
tillage in this country; and the work should be done by 
establishments with adequate means at their disposal, so 
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that the results obtained may rest upon a strictly scien
tific basis. 

Tests with wind-strip cropping to combat wind erosion 
The basic crops used were wheat, sunflower, ground

nuts, malting barley etc. and as protective crops rye and 
"perennial sorghum" or Sorghum almum. 

In addition to studying the possibilities of consolidating 
eroded soil, a study is being made of the behaviour of 
various species as protective crops, the best width for the 
strips of the basic crop and the protective crop, the ad
vantages andfor drawbacks of the various annuals and 
perennials to be used as protective drops, the economic 
aspects of this method and so on. 

The possibilities of application of wind-strip cropping 
are many in this country, in view of the simplicity of the 
method and the advantages to be expected from its use. 

The area used for tests of this type exceeds 300 hectares, 
and the sites are scattered throughout the zone where the 
soils are affected by wind erosion. 

Since the height of the species used as protective crops 
has a fundamental influence on the combating or preven
tion of erosion, it was thought when planning these tests 
that the protective function of the crops in preventing the 
spread of erosion over the whole field was the main factor 
to be taken into account when appraising the results, for 
it is a proved fact that erosion starts at weak points and 
spreads over the whole plot. 

To sum up the results of tests carried out and still in 
progress, we shall describe a few which may be looked 
upon as representative of techniques followed in this case. 

In one of them, established at Rio Tercero, groundnuts 
were used as a basic crop and perennial sorghum as a 
protective crop. The protective crop was sown in October 
1945 and the groundnuts in November of the same year; 
the strips of the protective crop were 9 metres wide and 
the basic crop 70 metres wide. 

By the middle of the summer of 1945-1946, the pro
tective crop had attained an average height of 1.60 metres. 

Under these conditions, after the groundnuts had been 
harvested, (May 1946) (the soil being entirely bare as a 
result of this operation where the whole plant is removed), 
erosion was observed to have started on those parts of the 
original basic crop which were farthest away from the 
protective crop. 

The following year the width of the strip of protective 
crop was increased to 15 metres, and no erosion was ob
served in spite of the fact that the same conditions ob
tained, that is to say groundnuts were grown and weather 
conditions were similar to those of the preceding year. 

The test which we shall next consider, carried out at 
General Pico, was also started in 1945. Perennial sorghum 
was used as the protective crop and sunflower, wheat, 
wheat and rye as the basic crop in the years 1945, 1946, 
194 7 and 1948 respectively. The soil where the test was 
being carried out was severely affected by wind erosion at 
the time the test started. 

Once the protective crop had taken root the basic crop 
was sown and it developed and grew normally. 

PREGO AND TALLARICO 

The soil began to consolidate and this process continued 
through the years. 

But the use of a protective species such as Sorghum al
mum which may be considered as perennial since it con
tinues to grow for more than five years, raises an im
portant question relating to the possible appearance of 
weeds in the strips occupied by the protective crop. 

It has been observed that, in the test under consider
ation and in others now in progress, the strips of perennial 
sorghum were invaded by various kinds of annual weeds, 
amongst them Kochia scoparia, Salsola kali etc. These 
grew in such quantities that more than 60 per cent of the 
plants of perennial sorghum were lost; the situation is 
aggravated by the difficulty of combating the weeds 
without at the same time injuring the protective crop and 
disturbing the soil, which must be avoided in order to 
prevent erosion. 

Further, the fact that these are species which at the end 
of their growth are uprooted by the wind, leaving the soil 
bare and exposed to the erosive action of that climatic 
agent, helps to make this invasion more dangerous. 

The circumstances described might make it advisable 
to use other annual species as a protective crop, thus 
facilitating weed control. 

The conclusions which may be drawn from these four 
years' experiments with wind-strip cropping may be 
summarized as follows: 

(a) In the majority of cases, the soil defended by the 
strips of protective crop is stabilized and recovers in a 
relatively short period and may be used for the production 
of cereals and fodder; 

(b) If the width of the strips of basic crop is greater than 
70 metres, the strips of protective crop do not defend the 
whole of the former's soil which is blown and piled up by 
the wind upon part of the strip adjacent to the protective 
crop; 

(c) If the protective crop is a perennial and does not 
give sufficient soil cover, it leads in certain areas to the 
spread of weeds to the detriment of its rooting and growth, 
with a notable decrease in its value as a stabilizer of the 
soil; 

(d) The most suitable combination appears to be the 
use of annuals with different periods of growth; 

(e) If the use of this method is started in the spring, it is 
better to plant only the strips of the protective crop or 
those of the basic crop, and leave the strip for the other 
crop uncultivated until the next autumn; this avoids 
leaving the soil totally unprotected in the months when 
the erosive force of the wind is at its height; 

(f) Wind-strip cropping does not increase costs; 

(g) To summarize the foregoing conclusions, it may be 
stated that wind-strip cropping is a method offering 
good prospects in the campaign against wind erosion in the 
Argentine Republic. 

TESTS FOR THE RECLAMATION OF SANDY SOILS AND THE 

BINDING OF SAND-DUNES 

From the first year it was noted that erosion had con- Experimental work on the reclamation of sandy soils 
s1derably decreased, no new wind-blowings taking place. and the binding of dunes has consisted in trying two types 
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of wind intensifiers; using vegetable residue of various 
types to cover sand-dunes, and testing species not yet 
tried in the country to bind them. 

The reclamation of sandy soils involves the carrying out 
of tests on eroded soils where there are drifts and hillocks 
of sand of small size, not large enough to constitute real 
sand-dunes. The binding of sand-dunes refers to work on 
sandy masses with heights exceeding I metre and cover
ing considerable areas. 

Wind intensifiers 

The wind intensifiers tried were of two kinds: wind 
channels and sand pockets. 

The wind channels, constructed on the top of sand-dunes 
in the direction of the prevailing winds, were 1.50 metres 
deep and 2 metres broad, separated from each other by a 
distance equal to their width. In the majority of cases the 
wind channels were constructed with drags drawn by 
horses. 

All the tests gave satisfactory results, and decreases of 
up to 3 metres were observed in a period of two months. 
It was generally necessary to reconstruct the channels 
about every twenty days. 

The sand pockets were for several reasons unsatis
factory as wind intensifiers. 

The basic objection to their use is that sand pockets do 
not remain standing for a sufficient length of time to allow 
the wind to act upon the open spaces left by them and to 
carry the sa:nd downwind ; this makes it necessary to erect 
the sand pockets many times during the day. 

The fall of the pockets may be explained by the fact 
that their projection above the sandy surface meets the 
greatest force of the wind, and the sand around the in
stallations is quickly blown away ; thus their supports are 
destroyed and they fall in. 

To sum up, the tests hitherto carried out in our country 
with the two types of intensifier mentioned show that the 
wind channels are most suitable for levelling dunes of a 
certain height. 

Mulching materials 

Another aspect considered in these experiments has 
been the use of different types of vegetable residue to 
protect the seeds sown on sandy soil. 

As a general rule an effort has been made in each case to 
use the material most abundant in the locality . Thus in 
the xerophil wood zone, branches and residue produced by 
felling the trees were used; in agricultural areas the ma
terial most frequently used was straw; in some localities 
where considerable quantities of giant reed (Arundo 
donax) have been planted to bind the dunes, this was used 
to protect the seedlings of the species used to bind the soil. 

Residue from the felling of trees in the xerophil woods 
and from the giant reeds provided an effective cover for 
the seeds, preventing the movement of the sand and allow
ing normal germination, which ensured the lat er st abil
ization of the dunes in the majority of the tests. 

With respect to straw, it may be noted that a heavy 
layer must be put down to prevent the wind blowing it 
away. It is generally necessary for such a straw cover to 
be at least lO em. thick. 
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Figures 7 and 8. Binding of sand-dunes: above, mulching dunes 
wit h giant reed to protect seeds ; below. crop of S orghum almum 

growing on a dune. 

Plants used to bind the soil 

We now come to the species tried for the purpose of 
binding the soil of the dunes and not previously used in 
this country. These species are: Sorghum almum, Pen
nisetum clandestinum and Phalaris tuberosa, variety 
Stenoptera. 

The first named was successfully tested for binding sand
dunes in districts where the mean annual rainfall is 500 
mm. In order to obtain satisfactory results it was neces
sary to cover the seed-bed with branches and litter from 
trees, since at the time of sowing (spring), the winds are 
very strong and frequent. 

This species grows slowly at the beginning of its develop
ment (until it reaches a height of lO em.), but once this 
stage is over it thrives, and, thanks to it s rhizome root 
system, which does not spread, easily binds the soil of the 
dunes. 

The species P ennisetum clandestinum was tried for 
binding dunes only in places where the normal rainfall is 
650 mm. It is planted in t he spring, and although at that 
season the winds are very st rong, it was possible in most 
of the test s to produce a thick crop which completely 
covered the sandy soil. 

The last species, Phalaris tu.berosa, variety Stenoptera, 
is planted in the autumn, tha t being the most suitable 
season of the year to carry out the operation; its use gave 
very promising results. 
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It should be emphasized that since it is a species adapt
ed to zones with a rainfall of over 700 mm., its use can only 
he recommended with reservations. It is useful, however, 
to recall that there are in the country large sand-dunes in 
localities where the rainfall is heavier than that mentioned 
above, and where the use of this graminaceous plant might 
be advisable. 
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Land Use Regulations as Aids to Soil Conservation 

SIR HAROLD A. TEMPANY, C.M.G., C.B.E. 

ABSTRACT 

Legislation to enforce soil conservation affects every aspect of agriculture and forestry, as well as public and private 
works and mining, it is inseparable from the over-all planning of land use. Economic factors are also important, notably 
population density, land tenure conditions and market conditions for produce. 

Legislation must include provision for research and surveys, education and propaganda, finance, sanctions and 
penalties as well as for control and co-ordination at all levels, the representation of land users on authorities, the pro
vision of technical services and the definition of the manner in which all these functions are exercised. 

The form of legislation needed may vary somewhat with conditions; experience favours over-all enactments with 
wide powers to make regulations; economic aspects may need separate treatment. 

The successive stages in introducing legislation are: 
( 1) The formulation of a programme. 
(2) Its enactment into legislation. 

(3) The enforcement of the legislation. 
(4) The testing of the legislation in the courts. 
Legislation often needs to be revised extensively in the light of experience. 
Early legislation was usually on an ad hoc basis dealing with particular aspects. Various forestry laws are ex

amples. In the second decade of this century erosion on clean weeded plantations of rubber in Malaya led to ad hoc 
legislation to control it. It has since become apparent that more comprehensive provision is needed. 

In the third decade of the present century the enactment in the United States of America of federal and state 
legislation gave a great impetus to the matter, and since then legislation more or less conforming to the pattern em
bodied therein, has been passed in many countries. These include the states of the Australian Commonwealth, New 
Zealand, the Union of South Africa, Canada, certain provinces of India, Ceylon, Southern Rhodesia, Kenya, Nyasaland, 
some of the smaller Colonial Dependencies of the British Commonwealth, Palestine, and some South and Central 
American countries, notably Mexico. An outline of its contents is given in the paper. 

Noteworthy points are the widespread acceptance of the concept of conservation districts, the need for over-all 
co-ordination and the provision of technical services. 

Among primitive communities special provision may be needed, with more arbitrary powers; the best approach is 
usually through tribal authorities. Communal land ownership predisposes native peoples to accept control measures 
once the need for them is understood. A recent difficulty in some areas has been subversive propaganda. 

An outstanding need is for international and inter-territorial control and co-ordination. There have lately been 
moves in this direction, of which a recent conference in the Belgian Congo is the latest example. 

There is today widespread appreciation of the dangers of 
accelerated erosion and the losses it can occasion, coupled 
with an awareness of the need for vigorous action to 
prevent its further extension and, so far as possible, to 
repair the damage that has occurred. There is consider
able and increasing knowledge of the practical aspects of 
soil conservation, and many Governments have initiated 
conservation measures on a considerable scale. 

The part which legislation can play is obviously of great 
importance. The concept that it is a duty of Govern
ments not only to carry out conservation measures on 
State land but also to enforce their observance on privately 
owned properties is a radical departure from the view, for 
long traditional in western countries, that land ownership 
confers upon the proprietor the right to use or abuse the 
land as he pleases. The fact that legislation to this end 
has been enacted in many countries and is contemplated 
in others, shows the extent to which public opinion has 
bt~en awakened to the gravity of the position and the need 
for ensuring proper land use. 

BASIC CONSIDERATIONS AFFECTING THE CO::-<TENT OF 

LEGISLATION 

Lmd use 
In their agricultural aspect measures for the conser-
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vation of the soil are no longer regarded as special pre
cautions which must be observed where erosion risks are 
imminent and which can be enforced by simple ad hoc 
legislation; on the contrary it is now clear that they must 
form a part of the practice of good husbandry essential to 
the maintenance of fertility and as they affect every aspect 
of agriculture they must be integrated into agricultural 
systems. Consequently legislation involves a considerable 
measure of control over the operations of farming. 

The forestry aspects are equally important, particularly 
protective forests and forest reserves and the revegetation 
of lands unsuitable for cultivation. The agricultural and 
forestry aspects of land utilization are complementary and 
indivisible, (although not infrequently in the past they 
have been regarded as separate and distinct), and over-all 
co-ordination between them is essential to successful 
legislation. 

Moreover such matters as the siting and construction of 
roads and railways, the location and planning of towns, 
villages and buildings and, where mineral resources occur, 
the conduct of mining operations, (particularly open-cast 
mining and dredging), can all influence the incidence of 
erosion and must be taken into account, while conservation 
programmes must be applied to geographical regions as a 
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whole and not piecemeal to individual areas or properties 
within them. 

A legislative programme to deal with conservation must, 
if it is to be fully effective, take account of all aspects of 
land usage, and the eventual introduction of general land
use regulations seems an inevitable corollary to it. It may 
in fact be said that in countries where erosion is liable to 
occur, the need for conservation measures acts as a special 
incentive to the introduction of a policy, the need for 
which is becoming everywhere increasingly apparent. 

Land classification is an essential preliminary to such a 
programme; this requires accurate maps and detailed 
knowledge of the climatic, ecological and pedological 
conditions. A further requirement is research to deter
mine the factors conducing to erosion and the means of 
overcoming it. These must be provided even though it 
may not be practicable to withhold legislative action until 
full information is available. 

Economic aspects 
Economic and social considerations are also important. 

Wells, Carimo and Myer (2) 1 have pointed out that" ... a 
programme for better soil use is likely to be wholly in
adequate if its framers are not at least aware of the ne
cessity for integrating soil policy with economic and social 
policies ordinarily regarded as more or less unrelated to 
the soil". 

Of primary significance in agricultural areas is the densi
ty of population. If population pressure on the land is 
excessive it must be lowered by population movement or 
absorption into industrial occupations. Correlated to it is 
the area of land required to maintain an individual and his 
family at an adequate level of subsistence. 

Land tenure is particularly important; if reasonable se
curity of tenure is lacking the incentive to embark on im
provements is absent and legislation must fail. It may be 
necessary in such . circumstances to provide legislation 
prescribing the form of written leases (5). 

Among primitive peoples the position will be influenced 
by custom and superstition. In many parts of Africa 
tenure is based upon communal tribal ownership; though 
this need be no bar to land-use regulation, it must be 
taken into account. Another difficulty is often the small, 
scattered and fragmented character of the holdings. 
Maclagan Gorrie (1) has remarked " ... an essential for 
Indian conditions ... is detailed knowledge of land holding 
and tenancy practices ... and the operation of local land 
revenue settlement procedure. Other essential knowledge 
is that of consolidation of holdings, for fragmentation is 
usually a serious stumbling block in any programme for 
improving cultivation standards". This, with due modi
fication, applies to many other parts of the world. 

Other economic factors which influence the position are 
methods of marketing, market prices for produce, labour 
conditions, and rates of pay, and the incidence of taxation. 

Financial provision is necessary to enable conservation 
programmes to be carried out by the State and to assist 
farmers to comply with the requirements of orders which 
they may be unable to carry out from their own resources. 
This may involve legislative provision modifying or ex-

1 Numbers within parentheses refer to items in the bibliography. 
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tending the financial structure of the agricultural m
dustry. 

Education and propaganda 

Provision is also essential for education and propaganda 
to disseminate knowledge of the effects of erosion and the 
steps to counteract it and to conserve fertility. Conser
vation programmes can only succeed if there is widespread 
appreciation of the need for them and willingness to sup
port the enforcement of the measures they involve. The 
effects of erosion may be so spectacular that there is a 
predisposing willingness to accept the neces3ity for 
measures to arrest it, but their form and the implications 
involved must be widely appreciated before legislation can 
be undertaken with the assurance that it will command 
popular support. 

Propaganda is therefore a necessary preliminary, but 
the legislation must make provision for its continuation 
and extension. 

Penalties and sanctions 

Penalties and sanctions must also be provided for al
though programmes of conservation and land use depend 
in the main on popular support, for without them it is im
possible to deal effectively with a recalcitrant minority. 
They must provide, inter alia, for (a) the right of entry into 
lands by authorized agents for purposes of survey, in
spection and supervision, (b) safeguarding protective 
measures on State land and (c) enforcement of orders in 
regard to privately-owned lands. 

Administrative machinery 

The administrative machinery required to deal with so 
complex a matter is obviously highly important; probably 
no detailed prescription applicable to all conditions is 
possible, but some general principles are evident. Obvi
ously there must be much closer control over every aspect 
of land use than was formerly thought to be either ne
cessary or expedient; there must also be close co-ordi
nation between all the official agencies concerm:d with the 
question, and there must further be adequate represen
tation of land users on the controlling bodies. 

A number of countries have established special sections 
of the administration to deal with conservation questions; 
the outstanding example is the Soil Conservation Service 
of the Department of Agriculture in the United States of 
America; other instances are certain states of the Austra
lian Commonwealth, the Union of South Africa, and 
Kenya. 

Alternative procedures may however be practicable and 
in a recent Bulletin of the Food and Agriculture Organ
ization of the United Nations the opinion has been ex
pressed that "a soil conservation programme could be 
attained without organizing a separate agency, if the 
various major disciplines in agriculture include proper 
attention to conservation in whatever field" (17). 

A primary difficulty in the majority of countries is the 
large number of separate official agencies concerned with 
land use; and unification of co-ordination or control of 
their functions is essential; prima facie therefore the 
establishment of an additional agency seems to involve 
risk of further overlapping of functions. Effectively co-
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ordinated control at all levels is vital, including that of 
a sovereign territory as a whole, of the states and the 
provinces and other administrative units into which it is 
divided and of the special subdivisions which it may be 
necessary to establish for the administration of conser
vation and land use measures. The boundaries of the latter 
should be decided by geographical rather than political 
•:onsiderations, the natural units being the catchments or 
watersheds of rivers and streams, but this in itself may be 
a source of difficulty since often the natural and political 
boundaries do not coincide. 

Special difficulties arise in the case of adjacent inde
pendent sovereign States and the need for co-ordinating 
of conservation programmes in their interstate and inter
national aspect is of particular urgency. 

The solution in all cases which experience favours 
consists in setting up couneils and committees at the 
various levels on which the official agencies concerned as 
well as land users are represented. 

THE FOR:'vl OF LEGISLATION AND THE STAGES NECESSARY 
FOR ITS ENACBIENT AND APPLICATION 

Obviously it may be difficult to cover every aspect in a 
single act of legislation. The most effective procedure 
seems to be to enact over-all legislation covering the 
major aspects of conservation and land use, and to pro
vide within it ample powers to make regulations which 
enable appropriate measures to be applied locally under 
the varying conditions likely to be encountered. The 
economic and social aspects may require separate legis
lation. 

A necessary preliminary is research and surveys to pro
vide the technical basis for legislation, accompanied by 
education and propaganda to prepare public opinion to 
accept it. 

Thereafter the successive stages are: 
(i) The formulation of a programme; 

(ii) Its enactment into law; 
(iii) The enforcement and administration of the statute; 
(iv) The interpretation and application of the statute in 

disputed cases by the courts (3). 
It is a process of trial and error and not unusually the 

miginal legislation has to be revised and re-enacted to 
correct defects revealed by experience. In the remainder 
of this paper the attempt will be made to review the 
history and present position of legislation in various coun
tries and to summarize the conclusions that can be drawn. 

EARLY LEGISLATION 

Early legislation naturally tended to concern itself with 
particular aspects of the question and it is only gradually 
that realization has been achieved that to be effective it 
must cover all the aspects of land use. 

The forestry aspects first attracted attention, and the 
forestry laws of many countries enacted during the closing 
years of the last and the early years of the present century, 
in so far as they provided for the creation of protective forest 
reserves, are the earliest examples of conservation legis
lation. Indeed in some countries conservation is still re
garded as primarily the concern of the Forest Depart
ments, e.g., in parts of India and in Palestine. 
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The Japanese Forestry Act of 1897 specifically provided 
in article 11 for the establishment of protective forests to 
prevent denudation of the soil; the formation of shifting 
sands and to safeguard cultivated lands from floods and 
avalanches (7) (8). 

A noteworthy early piece of legislation was the Punjab 
(India) Land Preservation Act of 1900 which provided for 
the notification and regulation of areas requiring pro
tection and, within them, the restriction and regulation of 
practices likely to cause denudation, the carrying out of 
protective works, the suspension of private rights, powers 
of entry, survey and demarcation, enquiries, compen
sation, penalties and appeals, and power to make rules. 
This is almost certainly the oldest example of compre
hensive legislation for soil conservation and embodies 
many of the features which have been embodied in modern 
legislation; in particular the provision for notified areas 
seems to be the analogue of the modern concept of the soil 
conservation district. 

There appears to have been no further legislation until 
the second decade of the present century, when erosion on 
rubber plantations in Malaya as the result of clean weeding 
led to the passing of the silt enactment of 1922 in the 
Federated :V1alay States (amended in 1933) (20), which 
empowered administrative officers in charge of districts to 
make orders to owners or occupiers of properties on which 
erosion was occurring to carry out specified protection 
measures. 

An early example of legislation in a European country 
was the Italian Integral Land Reclamation Law of 1929 
which included provision for technical and administrative 
measures for the control of erosion (6). 

THE GROWTH OF LEGISLATION 

During the third decade awareness of the dangers in
creased and the number of countries which adopted legis
lation grew steadily. The incidence of wind erosion led to 
the enactment of sand-drift ordinances in several coun
tries, viz., the Sand Drift Ordinance of Palestine of 1933 
(20), the Sand Drift Act of South Australia of 1923-1935 (6) 
and particularly the Canadian Prairie Farms Rehabili
tation Act of 1935, further amended in 1937 (10) (11). The 
latter applied to the provinces of Manitoba, Alberta and 
Saskatchewan where serious soil drift had resulted from 
summer fallowing of prairie lands used for wheat culti
vation; it provided for the rehabilitation of areas affected 
by drought and soil drift and for the setting up of com
mittees to advise the Minister of Agriculture of methods of 
rehabilitation and the promotion \Vithin the areas of farm 
practices and land utilization measures that would give 
greater economic security. 

Separate Acts have also been passed by each of the 
three provinces; the Alberta Act of 1935 places responsi
bility for damage done to adjacent properties on the owner 
of the land where the trouble originated, and prescribes 
measures to prevent soil drift on summer fallowed land. 
The Saskatchewan Act of 1938 and the l\1anitoba Act 
empower municipalities, on the petition of a stated 
number of resident ratepayers, to make by-laws to control 
tillage and farming operations liable to give rise to soil 
drift. The legislation involves the formation of what are 
essentially soil conservation districts. 
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Other legislation during this period was the Land and 
Water Resources Development Act of Queensland (Aus
tralia) of 1934, {still in force) which gave powers to the 
Government to plan and enforce correct land use in water
sheds, with the object of preventing erosion. 

THE UNITED STATES OF AMERICA LEGISLATIO~ OF 1935 AND 

SUBSEQUENT YEARS 

The enactment in April 1935 of the United States of 
America Federal Soil Conservation Act and the subse
quent State Soil Conservation District laws gave the really 
effective impetus to soil conservation legislation through
out the world and provided a legislative pattern which has 
since been widely followed. In its combined Federal and 
state aspects it embodies certain principles; they 
are: 

(a) The establishment of an over-all authority in the 
person of the Secretary of Agriculture and the provision 
of a national soil conservation service. 

(b) Provision of powers to enforce conservation by Acts 
passed by individual state legislatures, providing (i) for 
setting up state authorities with general supervisory and 
administrative duties, and (ii) for the establishment, with 
the consent of land users, of Soil Conservation Districts 
administered by Boards of Supervisors (the majority of 
members being popularly elected) in which land-use regu
lations are enforced. 

(c) Provision of finance through both federal and state 
agencies for carrying out conservations measures on both 
public and private lands. 

(d) The observance throughout of democratic principles 
to ensure that the measures are instituted and operated 
with the agreement of the majority of the land-using 
sections of the population. 

SOIL CONSERVATION DISTRICTS 

Probably the most important concept is the Soil Conser
vation District {9) (18) (24) which enables compulsory 
control of land-use to be introduced in an ordered sequence 
over defined areas: the principle that prior to the establish
ment of a district the consent of the majority of the land 
users must be obtained, ensures that control will be ap
plied with maximum popular support and minimum op
position and friction. 

The district is a local government unit in which farmers 
can co-operate with technical and other agents of the 
Government in improvement, both of the lands of the 
district as a whole and on individual properties. 

The boundaries of a district follow so far as is practicable 
the natural lines of demarcation which are usually the 
watersheds or catchments of streams or rivers; in some 
cases, however, particularly in semi-arid areas, other 
boundaries may have to be sought, while physical or 
administrative factors may sometimes preclude the 
natural boundaries being followed completely. 

In the United States by January 1948 all forty-eight 
states had enacted district conservation laws and 1,921 
Soil Conservation Districts had been set up. They included 
1,042 million acres and 4,300,000 farms, while co-operative 
agreements had been made with more than 530,000 
farmers, covering 148 million acres (24). 

The legislation in all states follows generally the lines 
of the model law prepared by the Federal Governmental
though the details vary somewhat in different cases. The 

order of procedure which is usually followed in 
establishing conservation districts is briefly as follows: 

(1) The enactment of state legislation. 
(2) The appointment of a state conservation board 

usually comprised of the heads of technical departments 
concerned with land use, charged with co-ordinating and 
supervisory duties and the definition of the boundaries of 
conservation. 

(3) The presentation of a petition to the State Board 
for the formation of a district, followed by definition of its 
boundaries by the Board after a public enquiry, and by a 
referendum among land-holders. If the vote is favourable 
the district is established. 

(4) The appointment of a board of supervisors for the 
district, the majority of whom are elected by land users. 

(5) The formulation of a programme for the district by 
the supervisors, its acceptance by the State Board and its 
implementation. Implementation follows two main lines: 
(a) the establishment and administration of conservation 
projects; and (b) the prescription and enforcement of land
use regulations which must first be submitted to a local 
referendum. (9) 

DEVELOPMENTS SINCE 1935 

Since 1935laws embodying some or all of the principles 
contained in the United States legislation have been 
enacted in a number of countries. 

THE AUSTRALIAN COMMONWEALTH (12) (14) (15) 

There is no legislation for the Commonwealth as a 
whole nor is there any statutory over-all co-ordinating 
authority, although it is understood that some measure of 
co-ordination over the scientific aspects may be exercised 
by the Commonwealth Council for Scientific and Industrial 
Research. Conservation legislation has, however, been 
enacted in five of the States as follows: 

Victoria. The Soil Conservation Acts of 1940 and 1942 
and the Conservation and Land Utilization Act of 194 7. 

New South Wales. The Soil Conservation Act of 1938 
amended by the Soil Conservation Amendment Act of 
1947. 

South Australia. The Sand Drift Act of 1923-35 {al
ready mentioned). The Pastoral Act of 1936, The Soil 
Conservation Act of 1939 as amended by the Acts of 1943, 
1945 and 1947. 

Western Australia. The Soil Conservation Act of 1945. 
Queensland. The Land and Water Resources Develop

ment Act of 1934 (already mentioned). 
Apart from the South Australian Sand Drift Act (which 

is gradually being superseded by more recent legislation) 
and the Queensland Act, both previously mentioned, legis
lation has been enacted of recent vears in South Australia, 
New South Wales, Western Australia and Victoria. Al
though it shows considerable variation in detail, there is in 
all cases provision for establishing a State Conservation 
Authority, the setting up of state and local boards and 
committees, the organization of Soil Conservation Districts 
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<1r their equivalent, as well as for technical services and for 
finance for conservation operations. 

In South Australia Soil Conservation Districts are es-
1 ablished on the petition to the Minister of Agriculture of 
(iO per cent of the land users in an area and subsequent 
procedure follows closely that of the American Soil Con
~ervation District Laws, including reference to the State 
Board and the establishment of district conservation 
boards with executive powers. There is, however, no sepa
Jate state soil conservation service, technical services 
being provided through a soil conservation division of the 
Department of Agriculture. 

In New South Wales, Western Australia and Victoria 
on the other hand separate authorities for soil conser
vation have been set up, in the two former states by the 
establishment of a separate department under a Commis
sioner or Director responsible to the Minister and in the 
htter under a Board with executive powers. In New 
South Wales and ·western Australia more than one class 
of conservation area is recognized, termed variously Areas 
of Erosion Hazard, Catchment Areas, Soil Conservation 
Districts, and Soil Conservation Reserves; they are es
tablished by the Minister on the recommendation of the 
head of the Conservation Department and with the advice 
of an Advisory Board and thereafter objections thereto 
may be lodged by land users. Action in carrying out 
works and making orders and agreements is vested in the 
Central Authority and not in a local Board; in this re
spect the legislation differs from that in South Australia. 

In Victoria, a Land Utilization Authority was es
tablished for the state by the Soil Conservation and Land 
Utilization Act of 1947, while in 1948 a similar course was 
advocated for New South Wales (15). 

NEW ZEALAND 

The Soil Conservation and Rivers Control Act of 1941 
as amended by subsequent legislation provides for setting 
up a Council for the administration of the legislation, 
consisting of ten members, five of whom are representa
tives of Government Departments concerned with land 
use, four are representatives of local authorities and one of 
agricultural and pastoral interests. Its functions include 
the over-all control of conservation measures, co-ordi
nation of the conservation work of government depart
ments and local authorities, research, propaganda and 
education. It also provides for establishing Catchment 
Districts, Soil Conservation Districts and Conservation 
I~eserves. Catchment and Soil Conservation Districts are 
created by the Governor General on the recommendation 
of the Council. Catchment Districts are administered by 
JiOpularly elected boards with wide executive powers in 
rdation to erosion prevention, flood prevention and land 
utilization. They prepare programmes which must be 
approved by the Council. Conservation Districts are set 
up in areas outside Catchment Districts, Conservation 
District Committees are appointed by the Council; their 
powers are less extensive than Catchment Boards and they 
work more under the direct control of the Council. Con
. s,•rvation Reserves are under the complete control of the 
Council and there is provision for the Government to 
.a::quire land for the purpose of forming them. 
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SOUTH AFRICA 

The legislation is contained in Act No. 45 of 1946 and 
applies to the whole of the Union of South Africa. It 
amends and embodies certain provisions of the Forest 
Act of 1941. Responsibility for the administration of the 
Act rests in the first instance with the Department of 
Agriculture and Forests and more particularly with the 
Division of Soil Conservation and Extension. 

The Act establishes a Soil Conservation Board of fifteen 
me~bers under the chairmanship of the Secretary for 
Agnculture of whom five others are officials, viz: the Secre
tary for Lands, the Secretary for Native Affairs, the 
Director of Forestry, Director of Irrigation and the Di
rector of Soil Conservation and Extension, and nine others 
appointed by the Governor, five of these being bona fide 
farmers dr~wn from a panel of ten names submitted by the 
South Afncan Farmers' Union, and the remaining four 
being persons having special knowledge of soil conser
vation. 

The functions of the Board are to advise the Minister 
on conservation matters and to perform certain specific 
functions, including the preparation of schemes as re
quired by the Minister, the examination of draft schemes 
referred to it, the consideration of applications for forming 
Soil Conservation Districts and proposals for Soil Conser
vation Areas, and recommendations for the expropriation 
of land or suspension of rights in a Soil Conservation 
District or Area. 

Soil Conservation Districts can originate only on the 
petition of the majority of landowners in the area con
cerned; Soil Conservation Areas are proclaimed by the 
Governor General on the recommendation of the Board in 
areas where voluntary action by the owners is not forth
coming but conditions demand action, or where it is 
obvious that conservation works must be undertaken 
mainly by the State. 

Soil Conservation District Committees must be es
tablished in every Conservation District; two-thirds of the 
members must be farmers in the district and are elected 
by landowners, the remainder are appointed by the Minis
ter and include at least one technical officer wherever 
practicable. The duties of Committees are to prepare 
schemes and to obtain landowners, consent or objection 
thereto. After schemes have been approved the Com
mittees are responsible for carrying out their provisions. 

SOUTHERN RHODESIA (20) 

Conservation is carried out under the Natural Re
sources Act of 1941. The Act predates that in the Union 
of South Africa but its intention and content are generally 
parallel. It provides for establishing a Natural Resources 
Board for the whole country. Its functions are to advise 
the Minister of Agriculture on questions of land use, while 
it has also some executive powers. Intensive conservation 
areas, corresponding to Soil Conservation Districts, can be 
set up on the petition of landowners, and conservation 
committees appointed for them . 

In native areas the Governor can set aside areas for 
conservation purposes on the advice of the Board and of 
the Board of Trustees for Native Affairs, while Native 
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Commissioners can give orders to land users in regard to 
protective measures. 

INDIA 

Apart from the Punjab Act of 1900 already mentioned, 
the only recent legislation appears to be the Bombay Land 
Improvement Act of 19±2 which provides for the setting 
up in each division of the Province of a Land Improve
ment Board, consisting of three officials concerned with 
land use, and the appointment of a land improvement 
officer. 

The Boards can prepare schemes for conservation, land 
improvement and the regulation of agriculture, forestry 
and pastoral activities within the areas controlled by 
them and, after publication, enquiry and consideration of 
objections, they are put into operation. There is pro
vision for contribution of funds by the State and by land 
users, for the enforcement of the scheme, the maintenance 
of works, appointment of penalties, and making 
regulations. 

CEYLON (28) 

The legislation is contained in the Land Development 
Ordinance of 1938 which repeals and consolidates earlier 
legislation and covers all matters relating to the alien
ation, leasing and development of crown lands in the 

in this respect it is apparently unique. 
It provides for the preparation of maps, plans and 

schemes for each province, under the authority of the 
Government Agent, for land utilization on crown lands, 
and for the control of erosion. Local Land Advisory Com
mittees can be appointed and there is over-all control by 
the Executive Committee for Agriculture and Lands; 
there is also provision for making regulations. In addition 
the Rubber (New Planting) Ordinance of 1938 prescribes 
certain minimum conservation measures to be observed 
on newly planted mbber lands. 

THE BRITISH COLONIAL DEPENDEXCIES (20) 

Conservation legislation has so far been enacted in 
seven of the British Colonial Dependencies including the 
early legislation in Malaya previously mentioned. The 
others are Kenya, Nyasaland, the Windward Islands, the 
Leeward Islands, St. Helena and Malta. It is understood 
that legislation is contemplated in Tanganyika and 
Northern Rhodesia. 

In some others, notably Uganda, Tanganyika and 
Basutoland where cultivation is for the most part in the 
hands of natives, although there is as yet no actual legis
lation, a measure of control is exercised through regulations 
made by native tribal administrations on advice of the 
administrative authorities. Elsewhere there is as yet no 
legislation. 

The position is somewhat similar in the High Com
mission Territories of South Africa. 

In Kenya the legislative provision is contained in the 
Land and \Vater Conservation ordinance of 1943 which 
repeals earlier legislation; it is understood that its further 
revision is contemplated. The authority is the Governor 
in Council who, on the advice of the technical departments 
concerned, through the Member for Agriculture and Lands, 

is empowered to make rules in relation to land utilization 
and to order their application to defined areas (these 
correspond to Soil Conservation Districts). Objections 
can be raised to them and are considered; if they are not 
upheld, the rules become operative and orders under them 
can be made by the Director of Agriculture in consultation 
with the local authorities. There is provision for appeal 
against orders, for penalties and sanctions for non-com
pliance and for making funds available. 

In Nyasaland the legislation is the Natural Resources 
ordinance of 1946, the provisions of which resemble the 
South African and especially the Southern Rhodesia 
lation. There is provision for a Natural Resources Board 
for the Territory and for setting up local conservation 
councils for prescribed areas; special arrangements are 
envisaged for the application of orders to unalienated 
Native Trust Lands. 

In the Leeward Islands in the West Indies the Antigua 
Land Settlement and Development Act of 1946 provides 
for setting up a Development Board with powers to con
trol land use, acquire and lease lands, and prescribe con
ditions to ensure soil conservation and good husbandry. 

In the Windward Islands of Dominica and St. Lucia the 
Soil and Water Conservation ordinances of 1945 

and 1946 empower the Governor to make mles to ensure 
soil conservation mainly in its aspects. 

The i11alta legislation is specialized and provides that no 
building shall be erected unless the top soil is first removed 
and deposited elsewhere, while the St. Helena law simply 
empowers the Governor to make rules for ensuring the 
conservation of the soil. 

The situation in one of the High Commission territories 
of South Africa-Basutoland-is of interest as an example 
of the manner in which soil conservation and land use can 
be applied to territories almost entirely peopled by Native 
tribes, where the ordinary processes of legislation cannot 
conveniently be applied. It depends on the authority of 
the Paramount Chief for the whole territory who makes 
orders on the advice of his national council of chiefs 
declaring particular areas to be improvement areas. The 
chiefs in improvement areas prepare schemes with help 
and advice from agricultural officers which include the 
registration of families entitled to land under Basuto 
custom, the rough demarcation of the land according to 
the use to be made of it, the prescription of methods to be 
followed in using agricultural land, land and land 
for tree planting. There is a local land management com
mittee in each area. Each land-holder is required to ap
pear on his holding once a quarter when instructions are 
given him and his land is inspected. If a land-holder does 
not comply with directions, action can be taken against 
him in a chief's court. 
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OTHER COUNTRIES 

Palestine (20). Conservation legislation was enacted in 
1941 under the Flooding and Soil Erosion Prevention 
Ordinance before the termination of the British :Mandate. 
Under it the Governor was empowered to declare areas 
threatened by erosion to be special areas and to make 
regulations for land use within them. The authority for 
executive action was the Conservator of Forests. 
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Latin American countries (18). It is understood that 
several Latin American countries are contemplating or 
rave adopted conservation legislation. In the United 
~ [exican States a soil and water conservation law was 
1 •assed in 1946 which established the Secretary for Agri
culture and Development as the authority for conservation 
raeasures and appointed him to co-ordinate the activities 
d all the agencies concerned. It also provided for the 
establishment of conservation districts either by direct 
action of the Secretary for Agriculture in places where 
the need is immediate or on the petition of more than 
f,O per cent of the land users or the representatives of 
more than 50 per cent of the land area in a zone. There 
is also provision for the establishment of State Mixed 
Commissions for Conservation as well as for research and 
education in conservation matters. 

SUMMARY AND DISCUSSION 

General conclusions 
It is c bvious that there is widespread acceptance of the 

premise that legislation can be of great value in promoting 
soil conservation. It is also obvious that, as conservation 
is inseparable from proper land use, it is impossible to 
frame really effective legislation without taking into ac
count all aspects of land use. For this reason the move
ment towards the control of erosion can be regarded as 
part of the more general movement towards land-use 
regulations which is taking place the world over. In 
countries in which erosion is an urgent danger, circum
stances have accelerated the tendency, but it is really 
part of the conviction that in view of the rapidly in
creasing world populat10ns the maintenance and enhance
ment of the fertility of the soil is a duty which devolves on 
all governments. 

There is wide agreement as to the requirements which 
legislation must fulfil but some divergence as to the exact 
form it should take. The need for a central authority is 
everywhere recognized as well as need for representation on 
it of all departments of government concerned with land 
use and for the co-ordination of their functions. There is 
less agreement as to how far unofficial land users should be 
included and also whether the functions of central boards 
should be advisory or executive. 

It is everywhere accepted that adequate provision of 
technical services for conservation measures is essential, 
but some divergence as to whether they are best organized 
as separate departments of government or as sections of 
existing departments. 

It is also widely agreed that conservation must be organ
ized on the basis of districts or areas, but practice varies 
in regard to their establishment and operation. In some 
countries, notably the United States of America, the 
Union of South Africa, and South Australia, their es
tablishment follows a petition from the majority of land
holders and subsequent independent enquiry whether the 
majority are willing to accept the controls involved. In 
ethers such as New South Wales, Western Australia and 
Kenya the initiative lies with the central authority and it 
is only after the proposals have been officially formulated 
that land users are able to enter objections. Executive 
action in districts lies in the former case with local boards, 
<come of the members of which are elected by the land 
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users; in the latter case executive action lies with the 
central authority, local boards or committees having only 
advisory powers. 

No doubt local conditions affect the issue, but in the 
absence of factors of overriding urgency it seems likely 
that in the long run there may be advantages in leaving 
the initiative to land users and devolving a large measure 
of detailed local executive action on to committees with 
a considerable amount of popular representation. 

It is widely accepted that a large measure of popular 
assent is needed before legislation can be successfully in
troduced and that to secure this there must be extensive 
preparation through educative and propaganda measures. 
It is also generally agreed that there must be ample pro
vision for research and surveys to provide basic data, and 
for finance to enable programmes to be implemented, 
while penalties and sanctions for non-compliance must 
exist, although they should only be used when other 
means have failed. 

It seems likely that there is as yet somewhat less ap
preciation of the economic implications of conservation 
programmes, but such factors must in due time make 
themselves apparent, when provision to deal with them 
may be expected to follow. 

As the type of control will vary with the type of agri
culture practised, the nature of the country and the econo
mic, social and racial characters of the cultivators, legis
lation must be so framed as to be applicable to the whole 
range of conditions likely to be encountered, and there is 
general acceptance that on this account wide powers for 
making rules must be included in it. 

Legislation of this type represents an extension into a 
new field and on this account is necessarily to an extent a 
matter of trial and error. This is shown by the frequency 
with which it has already been necessary in many coun
tries to repeal, replace or amend that originally enacted. 
As experience grows the process of amendment and con
solidation may be expected to increase. It seems possible 
that in due course the ultimate solution may be found to 
be the consolidation of legislation dealing with conser
vation into comprehensive laws dealing with every aspect 
of land use. 

Land use and conservation legislation in relation to primitive 
communities 

The case of land-use regulations in relation to primitive 
communities requires special consideration. In many 
territories especially in Africa erosion on lands occupied 
by Native tribes is a matter of supreme urgency. The 
large number and often scattered nature of the holdings 
as well as the low standard of education of the people 
makes the solution of the problem a matter of more than 
ordinary difficulty and it is often impossible to delay action 
until the move comes from the people themselves. Arbi
trary powers may be needed at times but experience 
shows that often the best approach is through the Native 
tribal authorities; where communal tribal ownership of 
land prevails, there may often be greater willingness to 
accept the imposition of control measures, than in more 
advanced communities, once the need for them has been 
grasped, since the preservation of the fertility of their 
common heritage is of obvious moment to all. 
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Local tribal regulations may be the most appropriate 
first step as a prelude to the ultimate enactment of over
all general legislation. 

Collaboration in control measures is, however, just as 
important in primitive communities as in more advanced 
ones. If large scale protective measures have to be under
taken, tribal authorities and individual occupiers must 
contribute thereto either in labour or in cash. Experience 
has shown that when such works are carried out by the 
central administration without such collaboration, 
tend to be regarded as matters pertaining to the govern
ment and of no direct concern to the people themselves; 
often they soon fall into disrepair owing to neglect (21). 

Collaboration is specially important in areas where over
population requires population transfer to and resettle
ment in less densely peopled areas as a first step towards 
conservation. 

Subversive propaganda may be a difficulty, especially 
under present-day conditions; in Kenya recently much 
useful work in Native areas has been retarded or destroyed 
as the result of this (22). The only obvious remedy is 
counter propaganda and the use of such sanctions as may 
be practicable. 

Inter-territorial and international collaboration 

Inter-territorial and international collaboration in con
servation and land usage is an urgent requirement, es
pecially in continental areas. The natural boundaries for 
conservation projects are usually the limits of watersheds 
or catchment areas. Frequently, however, the political or 
administrative boundaries of territories, states or ad
ministrative districts do not coincide with them; this 
may hinder the establishment of properly defined con
servation areas, and as a result programmes of con
servation undertaken in one area may be frustrated in 
part or even entirely, by the absence of corresponding pro
visions in an adjoining area under a different adminis
tration. Even if conservation authorities exist in both 
territories difficulties may arise if there is not an adequate 
measure of agreement between the two administrations as 
to the form which control should take, the manner in 
which it is exercised, and the measures to be adopted. 

The need for such collaboration has been recognized for 
example in the United States of America, in connexion 
with the Tennessee Valley Development Project (18), 
which affects a number of states. A Memorandum of 
Understanding has been adopted in regard to this which 
provides for setting up a central authority in the shape of a 
correlating committee of three representing the United 
States Department of Agriculture, the Tennessee Valley 
Authority and the Agricultural Coller:es in the various 
States, combined with the appointment of contact officers 
representing each of the states concerned, the object being 
to provide a means for co-ordinating activities in regard 
to research, education, extension and land use planning 
relating to a unified regional agricultural programme. 

The need is equally apparent in other areas. In Africa 
it is particularly prominent; attention was directed to the 
need for international collaboration in soil conservation in 
that continent by a commission appointed by the Royal 
African Society in 1943 (19). The matter was also dis-
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cussed in conversations between representatives of the 
British, French and Belgian Colonial Offices in 1945 and 
1946 and in the autumn of 1948 an international conference 
met in the Belgian Congo attended by British, French, 
Belgian, Portuguese, South African and Rhodesian re
presentatives. The full report has not yet been published 
but the resolutions (23) affirmed that the problems of soil 
conservation and land utilization recognized neither po
litical boundaries nor territorial limits. Their solution is a 
matter of urgency demanding the united efforts, know
ledge and experience of all interested countries, and is the 
key to the development of the African continent. 

They recommended the establishment of an inter
African office of information on soil conservation and land 
utilization with headquarters in Paris and the constitution 
of an inter-African soils research organization with head
quarters in Africa, as well as the setting up of permanent 
local committees for soil conservation and land use in the 
various African regions. They further recommended the 
imposition through legislation of measures to ensure the 
conservation of soil and the proper use of land in all terri
tories; this should be sufficiently :flexible as to permit its 
application to the peculiarities of different regions and to 
stimulate collaboration by all parties concerned. 
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Soil Conservation Problems in Norway 
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ABSTRACT 

This report gives a survey of the more important problems in soil-conservation in Norway and of the main measures 
taken or planned in order to preserve the surface soil. The introductory portion gives a short review of the country's 
geographical situation, its area, topography, climatic conditions and main geological features-especially the quaternary 
ones. 

Destruction of soil may be due to natural (I) as will! as to social (II) causes. 
I. Under causes of soil destruction pertaining to the first group and active in Norway, we deal here with: 
A. Landslides or slips, which are frequent in the deposits of marine clay. Measures to prevent such landslides 

include embankments or-in the case of "clay-slides"-tapping of the aquiferous strata of the clay deposits. 
B. Loss of soil due to tillage and utilization of the soil for agriculture, and through erosion and washing 

away of plant nutrients from the topsoil. The most important points in tillage-technique and other agri
cultural measures to avoid such losses are also dealt with. 

II. Among the causes belonging to the second group we considered: 
A. Waste of soil by unregulated production of peat fuel. Concerning this matter, the remedies planned to 

halt this form of soil destruction are given. 

In a very rugged country like ~orway, the surface soiP 
is by nature liable to destruction by landslips, erosion, and 
other similar forces. Such climatic conditions as wet 
weather and temperature are also very varied in so ex
tensive a country. We have for instance the typical 
coastal climate of western Norway, with little difference in 
summer and winter temperatures and with great rain- and 
snowfall, and the typical inland climate of our dales and 
highlands, with little rainfall, warm summers and cold 
winters. Farthest north we have the well-known long, 
dark winter night, when the sun does not show above the 
horizon from December till February. To compensate, 
this region has a short but hectic summer, with midnight 
sun and at times a forcing warm weather for two or three 
months in the middle of the summer. 
~orway is, as we all know, a very long country; from 

north to south the reaches from 71° ll' N.L. to 
57° 57'. The straight line from farthest north, at the North 
Cape, to the farthest south, at Lindesnes (the Naze) 
measures 1,756 km. (1,091 miles) or about the distance 
from Lindesnes to Rome. The length of the coast line, not 
including fjords and is 3,400 km. (2, 112 miles) and 
the boundary line to the east is 2,570 km. (1,597 miles). 

To furnish some idea of the areas, the differences of 
elevation and the varieties of climate we have in Norway, 
I shall cite some figures to illustrate these points. 

According to an official statement issued by Norges 

I By the expression "surface soil" is here meant the upper, more 
or less disintegrated or decomposed, portion of the soft layers of 
the soil. 
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geografiske oppmaling (Norwegian Geographical Survey, 
1941), the country's total area is 324,250 sq.km.or 125,258 
sq. miles; 15,018 sq. km. (5,798 sq. miles) of this are 
occupied by lakes, 11,161 sq. km. (4,310 sq. miles) are in 
agricultural land, and 74,943 sq. km. (28,951 sq. miles) are 
in productive forest. 

Altitude above sea-level ranges from 0 to approximately 
2,500 metres (about 8,000 ft.) in the peaks of the Jotun
heimen and Dovre mountains. 

Rainfall and snowfall range from about 300 mm. 
(12 in.) in central Norway (Gudbrandsdalen) to about 
3,000 mm. (10 ft.) in some places on the west coast, like 
Bergen. The annual mean temperature varies between 
-0.4 degrees C (31 degrees F) at R0ros and 7.2 degrees 
C (45 degrees F) in the south of ~orway (at Oks0y). 

The bedrock in Norway consists mostly of rock from 
earliest geological epochs. From pre-Cambrian we have 
mainly gneiss and granite; from Cambrian, sandstone and 
sparagmites2 ; and from the Silurian epoch clay-slate, lime
stone, sandstone and eruptives. 

In Oslo-feltet (the Oslo region) Permian eruptives also 
occur. The actual formation of the mountains took place 
during the Silurian-Devonian epochs. 

During later geological epochs Norway lay above sea-

2 "Sparagmites" is a name given by Professor J. Esmark to a 
formation of bed-rock in central Norway and Sweden. The sparag
mites (fragments) form a layer, several thousand metres thick, 
made up from strata of sandstone, conglomerates, limestone, then 
a quartz-sandstone, and on top of this the fossil-bearing Cambrian 
strata. 
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level, and then took place a large-scale breaking down of 
the ground formations through the action of water and 
weather, leaving what is known as a peneplain. In the 
Tertiary era this was raised and later on-in the glacial 
epoch-covered with ice. The surface of Norway, as it 
appears today, was in its main features shaped by the ice. 
On account of the weight of the masses of ice by the end 
of the glacial epoch the land lay lower than it does now. 
After the ice had melted away, the land rose. This process 
is still going on today. 

The destructive forces of Nature, working from without, 
cause, as we know, a disintegration of the solid rock, thus 
producing mineral soil. This becomes mixed with organic 
residue of decomposed vegetation and animal matter. 
This loose stuff may then be moved by glaciers, water or 
wind and again deposited in the ocean, in fresh water, or 
on dry land. 

All deposits or strata of friable earth in Norway have 
been deposited during the latest geological era, i.e., the 
Quaternary. This era comprises the glacial epochs and 
the subsequent periods, that is the late glacial and the 
post-glacial epochs; the latter epoch includes the present 
day. 

As already mentioned, the land started rising when the 
ice melted away. The sea has, however, left marks that 
show how far the land was submerged when the sea was at 
its highest level. These marks form what we call the 
maximum of submergence. Below this line we find layers 
of soft deposits that have been deposited in the ocean and 
above the line we find accumulations of friable deposits 
left by the glaciers, i.e., moraines, and along the rivers, 
washed down sand and gravel. Mainly in the hollows, we 
find organic soil and also sediment from lakes. 

To put it another way: the maximum of submergence 
constitutes the boundary-line between marine sediments 
and land deposits. Above the line we have the previously 
supra-marine territory with morain soils mostly and, in 
places, bog soils; below the line the formerly submarine 
territory with clay soils preponderating and in some places 
sandy soils. 

The location of the maximum of submergence varies 
greatly according to the rise of the land after the glacial 
epoch. In the Oslo district it is situated at about the 220-
metre level (about 720ft.), while in south-western Norway, 
as at Jaeren, it is no higher than 10 to 20 metres (about 
30 to 60ft.). The rise is highest in the central parts of the 
country and lowest in the peripheral parts. 

Another matter of importance is the altitude of the top 
limit of forest growth. In the central parts of the country 
this limit lies at a level of 800 to 900 metres (2,600 to 
2,900 ft.) above sea-level. In other places it reaches 1,000 
to 1,200 metres (3,300 to 3,900 ft.). The forest limit slopes 
lower towards the West down to 400 or 500 metres (about 
1,500 ft.), and towards the North down to 200 or 300 
metres (about 800ft.) above sea-level. 

The part of the country that lies above the forest limit 
we call mountain areas. Statistics show that about 48 
per cent of the total area of the country consists of these 
mountain areas, mainly bare rock and partly snow- and 
ice-fields. Some areas of the mountains are, however, 
covered by morainal soil or locally formed mineral soil or 
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by bog formations. The location of these areas gives them 
little value for cultivation, but they are of some con
sequence as natural pastures for sheep and reindeer. 
Broadly speaking, the forest limit is the boundary line 
between productive and non-productive land. 

With this short background survey of local history and 
topography we shall now take a look at the problems con
fronting us in Norway with regard to the conservation of 
the surface soil from destruction. 

As we know, soil destruction may arise from natural as 
well as from social causes. Nat ural causes are generally 
attributable to topography, climate and the like, while 
social causes as a rule derive from over-population or from 
the ever-growing pressure of continuously increasing 
population. In Norway where the population totals ap
proximately three millions or just over nine persons per 
sq. km. (25 per sq. mile), one might think that population 
pressure could not exist, but such is not the case. Also in 
our country there are densely populated places where the 
inhabitants have few natural resources such as soil and 
forest. This is especially the case in the coastal districts of 
the western country, of the Trondheim district and of 
northern Norway, where the lack of forests for fuel sup
plies is particularly badly felt. Here peat has throughout 
the ages been utilized for fuel, and this in the long run has 
caused considerable destruction of soil. This is both an 
economic and a social problem. Economic conditions have 
been, and in some parts are still, so restricted that the 
population cannot afford to buy fuel from elsewhere. 
Therefore the sparse surface soil has to suffer by being 
utilized for fuel. 

We shall consider below both the natural and the social 
causes of soil destruction. When we come to the latter 
causes, the measures which are taken to preserve the soil 
will also be described. 

Under the heading of natural causes we shall first 
mention landslides or slips. 

The marine clay deposits in south-eastern Norway, in 
the Trondheim district and in some valleys in northern 
Norway are very subject to slides which cause much 
destruction. Our largest landslide in historic times was 
the one in Vaerdalen near Trondheim in May 1893, when 
about 300 hectares (7 40 acres) of soil subsided, slid and 
raced towards the bottom of the valley. About 860 
hectares (2,116 acres) were here flooded and covered with 
slushy clay. The bulk of the washed out clay has been 
computed at 55 million cub. metres (72 million cub. 
yards). Twenty-six farms in all were totally destroyed, 
and a hundred farms more or less damaged. Two hundred 
and fifty people lived on the subsided land, and 112 of 
them met their death in the slushy mass. 

Such landslides as this at Vaerdalen, are generally 
known in Norway as "clay-slides". The soft clay sub
stratum slides away and together with the firmer ground 
on top which breaks up into floes and patches is carried at 
great speed down the sides of the valleys towards rivers, 
lakes or fjords. The whole mixture becomes a surging 
slush that destroys everything in its way. 

Destructive landslides are unfortunately not very rare 
in our country, and they destroy a good deal of soil and 
cause other damage. According to Dr. Gunnar Holmsen, 
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the most prominent expert on the subject in Norway, the 
cause of such clay-slides must be sought in the variations 
of the contents of salt and water in the clay. Hydro
~-tatical measurement of the underground water in our clay 
deposits shows that the content of water varies with the 
seasons and the rainfall; this is particularly apparent 
during wet periods. 

On the presumption that increasing hydrostatic pres
sure is the genetic cause of clay-slides, Dr. Holmsen has 
tried to stabilize clay deposits by providing outlets for 
underground water from the sandy strata of such deposits. 
To achieve this, artesian wells have been sunk in the 
lowest places within the area. Quite considerable quanti
ties of slushy water can by this means be tapped out of the 
day deposits. 

Clay-slides are, in other words, the floating away of 
large masses of clay which contain a high percentage of 
water. They occur where the substratum consists of 
kvikleire3 (quick-clay), which finds an outlet. As a result 
the ground fails to support the overlying ma':lses of soil, 
which sink down and float away on a stream of slush. In 
this way large soil masses may come adrift and cause 
great destruction. 

Landslides or slips will also occur alongside rivers and 
streams, because of the swiftness of the current the 
water cuts into the banks, causing larger or smaller por
tions to subside and slide out. Landslides will also occur 
around ponds and lakes, especially after measures have 
been taken to lower the surface with a view to securing 
more arable land. When rivers are being regulated or 
lakes lowered, attempts are made to prevent loss of soil by 
building embankments on both rivers and canals, where 
falls or slides of ground are feared. Unfortunately it is not 
always possible to predict where such slides will occur, 
and consequently, year by year, some soil is lost in this 
way. Avalanches and rock-slips and the cracking and 
collapse of mountain-sides result not infrequently in 
loss of soil, forest or buildings in narrow mountain--or 
fjord-valleys, especially in the western part of the coun
try. Such natural catastrophes are hard to 
country like Norway with a wide variety 
formations. 

The work of increasing and preserving areas for culti
vation is assisted by the Norwegian Government by means 
of subsidies for enterprises to lower water-levels, tapping 
off ground-water and building embankments. In the case 
of the smaller enterprises for the benefit of agriculture 
these subsidies amount to 50 per cent of the cost. Annual 
:tppropriations for such minor undertakings, which are 
granted through the Agriculture Department, amount at 
present to about 250,000 kroner. The Government further 
~ubsidizes larger enterprises of level-lowering, regulation, 
:md embankment building in watercourses by grants 
through the Norges Vassdrags- og Elektrisitetsvesen (the 
Watercourses and Electricity Service of Norway). Ap
propriations for such work amounted to 400,000 to 
300,000 kroner per annum during the years 1910 to 1932. 
During 1933 to 1945 the amounts rose to an annual average 
of 600,000 kroner. During the last two to three years 

3 Kvikleire (quick-clay) is a Norwegian name for a type 
of glacial clay, which causes clay-slides. It is by a 
comparatively high content of water. 
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from 2.5 to nearly 3 million kroner per annum were ap
propriated. The great increase during the most recent 
years is partly due to the high cost of labour at present 
prevalent in Norway; there is also a growing interest in 
such enterprises. The public share in the expenses for this 
work varies somewhat according to the nature of the 
undertakings and the affluence of the interested parties, 
but it will generally amount to one-half of the cost of 
drainage work and two-thirds for embankments. In 
special cases the subsidies may go up to three-quarters or 
more. When the Government extends the grants beyond 
its usual it does so chiefly where very valuable 
areas are involved and where the landowners or the 
parishes concerned cannot bear their normal share of the 
cost. 

We have unfortunately no accurate figures for the areas 
of land gained or protected against destruction through 
the above-mentioned work. But in a country with so little 
arable land as Norv,ray, even small areas are of great im
portance to the population. 

\Ve will now consider loss of soil due to the tilling and 
utilization of the soil for cultivation and hereunder also 
the loss by erosion and by the washing away of plant 
nutrients from the topsoil. 

In Norway these forms of destruction or deterioration 
of the soil are also a problem, but they have so far been 
little studied here. We have therefore no available col
lection of figures to go by, for determining the extent of 
soil, and valuable components of soil, lost by reason of the 
above-mentioned causes. 

An attempt at classifying these forms of loss has been 
made by Mr. S. R0yset, manager of one of the Govern
ment experimental stations in western :-.rorway. Mr. R0y
set has listed this type of soil waste under five headings: 

1. Natural shrinkage by drainage of swamp land; 
2. Natural waste by liming, fertilizing and tillage; 
3. Waste of soil by weeding and by removal with 

potatoes and root-crops; 
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4. Loss of fine-grained soil by strong wind-so-called 
"dust-storms" ; 

5. Loss of soil by erosion. 

It is well known that bog-soils and peat-soils shrink 
considerably after draining, and that continued util
ization of such soil for open crops results in a marked 
decrease in the humus content of the upper layers of the 
soil. From our own country we have a record of some ob
servations on this matter by the agricultural instructor 
Mr. J. Byrkjeland, which I will cite below. 

For the subsidence of cultivated bog-soil at Stend Agri
cultural School in Hordaland county, Mr. Byrkjeland has 
noted quite considerable figures-up to 1.5 metres (4 ft. 
11 in. )-in the course of about sixty-five years. He has also 
collected statements from farmers in thirty-three parishes 
in Hordaland, and on the strength of this material he has 
arrived at an average loss of about 2 em. per annum 
(0.8 in.) by ordinary cultivation, changing between open 
crops and meadow. In addition to the necessity of fresh 
drain digging after about thirty years, and to the possible 
cropping up of stumps, stones and rocks in the humus 
layer, the area will also decrease much at the edges of the 
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bogs. All this results in the area of arable soil shrinking more or less mixed with humus, Mr. R0yset mentions 
from year to year. Where the bogs rest directly on top of places where the corn or potato fields, after only a few 
rock or on gravel with large stones, this form of waste of years' cultivation, lay several centimetres lower than the 
soil may cause much trouble. Mr. Byrkjeland is of the surface of the surrounding meadows. Sandy soils are most 
opinion that much of the older cultivated areas in Horda- liable to suffer from "dust storms" as they quickly become 
land has deteriorated a good deal in this fashion, and that dry on top. Typical bog-soil and mould are less liable to 
much of the new cultivation that has been and still is be damaged by wind as these kinds retain moisture better. 
taking place will be of little avail. Admittedly, soil that Instances of "dust-storms" during black frost in winter 
has become too shallow for open crops may be useful as have been described from the inner coast-districts in Sogn 
permanent meadow or pasture, but this is a great draw- og Fjordans county. The wind may blow so hard that 
back for the farmers who have brought that soil under pebbles in the fields remain resting on small pillars of soil 
cultivation for the purpose of ordinary agriculture. while the fine soil around them has been blown away. In 

Where the underlying ground is not cultivable, the the outer coastal districts with their greater rainfall, such 
depth of the bog-soil to be brought under cultivation should "dust-storms" are not so frequent, but they occur one 
be over 1 metre (3ft. 3 in.), especially if it is intended for year and another after long periods of black frost. 
very open-standing crops. For pasture or permanent The form of deterioration of the surface soil, caused by 
meadow one may, however, undertake the cultivation of "dust-storms" is difficult to avoid entirely, but by planting 
somewhat shallower bog-land, even though the lower open crops the soil does not so easily dry up. Keeping 
layer may not be tillable. The degree of firmness is an im- light sandy soils under grass will also help somewhat. 
portant point in the appraisal of bog-land. Where the When tilling, one must also take care to carry it out in a 
underlying ground is tillable, the situation is quite differ- way that does not waste the moisture present in the soil. 
ent; there even shallow bogs can be recommended for The loss of soil earlier mentioned under heading 5, 
cultivation. If the subsoil consists of clay or is rich in loss of soil by erosion, will vary greatly from one locality 
lime, for instance shelly sand, this is considered very to another according to topography and to the amount of 
favourable, and the demand for depth of bog-soil may be snow and rainfall. 
reduced to the depth of ordinary ploughing. In many districts in western Norway, especially those 

It is difficult to distinguish between the separate forms with hill-sides and heavy rainfall (from 1,500 to 
of loss of soil tabulated by Mr. R0yset as 1, 2, and 3. One 3,000 mm. per annum) erosion in tilled fields constitutes 
may say that the notes taken by ~Ir. Byrkjeland comprise somewhat of a problem. After many years of use for open 
in one total all these three forms of soil waste. The causes crops, the fine-grained portion of the soil may have dis
of soil waste under headings 1 and 3 need no special com- appeared, practically speaking, and the layer of soil be
ment. The loss cited under point 2 is simply the result of come so shallow that earth has to be transported from 
the disintegration and nitrification achieved by such treat- other parts of the property. One will usually observe such 
ment as is there mentioned. These processes of conversion old "mould-pits" in well-decomposed bogs. If deep mould 
are intended, and are absolutely necessary, for turning does not occur on the land of one farm, this farm will often 
bog soil into good agricultural land. by old adjustments have been allotted the right to a 

The quantity of soil lost will depend on the intensity of mould-pit on another property. Such rights then rest as 
cultivation and on the change of crops adopted. Perma- permanent encumbrances on some properties. This is a 
nent meadows or tilled pastures are consequently less considerable disadvantage to the owners, as very often no 
wasteful than the planting of open crops (potatoes, root- limit to the depth of such digging has been fixed. Removal 
crops, grains etc.). In the districts where this form of soil of mould may therefore be detrimental to the soil of the 
wasting is most prevalent, it is therefore advisable to base serving properties. 
agriculture on meadows and stock-raising. Amongst the causes of the particularly great loss by 

Det norske myrselskap (Norwegian Bog Association), an erosion in the western part of the country is also the fact 
organization that works for as rational exploitation as that the soil is often not frozen in the winter, and that 
possible of our bog-lands, has amongst other things ar- most of the winter downpour takes the form of rain or 
ranged experiments in renewing the vegetation on old sleet. The washing away of fine-grained material from 
meadow-land by harrowing and reseeding. From these bare fields is therefore continued also during the winter 
experiments it is expected to gain experience that may be when the soil in most other parts of the country is frozen 
of use to farmers in rearranging the farming of their land hard and covered with snow, and consequently protected 
from ordinary agriculture to meadows or pastures. against erosion. 

The form of soil wastage mentioned by Mr. R0yset Comprehensive investigation regarding the quantity of 
under point 4 as "dust-storms" is particularly noticeable soil lost by erosion has unfortunately not been made. 
under the conditions of our western districts. Soil wasting Mr. Rroyset has, however, made some observations which 
during dry periods with strong wind occurs both in the confirm that the loss by erosion in the western country 
spring and during black frosts in winter, but is generally mav become considerable in the course of the winter 
limited to minor areas. On farms and in parishes particu- sea~on. For one thing, he has confirmed that the loss in
larly exposed to northerly or south-easterly winds (which creases with the increase of the angle of the slope, and that 
are worst in the spring), the "dust-storms" may result in first of all it consists of the light humus particles and the 
the topsoil being blown off the fields. From the district fine sand. During the period November to May 1946-1947 
near Stadlandet (Cape Stad) in Sogn og Fjordans county, he noted a loss of 12 per cent of the depth of the plough 
where the surface soil often consists of fine sandy soil, furrow (20 em.} in a field of bog-soil with a slope of 1 in 40 
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to 50. In a field of sandy soil, rich in mould, with a slope 
of 1 in 12, he noted a loss of 22 per cent of the depth of the 
iurrow. The rainfall during this period amounted to 
li37 mm. This is somewhat less than usual for the corre
sponding period in that locality (over 1.100 mm. for the 
winter half-year). 

The harmful result of erosion, then, is first of all the loss 
of the fine-grained material in the topsoil. At the same 
time one must assume that a good deal of valuable plant 
nutrients are lost. It is, as we know, the smaller particles 
of the soil that hold the plant nutrients absorbed. That 
plant nutrients are also lost through direct rinsing away 
of dissolved fertilizing salts, is another well-known fact. 
These are, no doubt, the principal causes of the fact that 
in order to obtain corresponding yields one must manure 
the soil more in the western parts of the country than in 
other districts. From western Norway we have no exact 
Jigures to go by on this last point, but in Tr0ndelag so~e 
investigations into this question have been made, to which 
I shall revert later on. 

\Vhat can be done, then to prevent erosion of soil under 
the agricultural conditions in western Norway? As 
mentioned before, the causes are principally topographic 
and climatic conditions, but the extent of the loss of soil 
depends on the scheme of the farming. If the fields a:e 
much under open crops and little under grass, the loss will 
be great. Naturally some potatoes, root crops, grain, and 
vegetables for consumption on the farm must be grown in 
the West too, but the seasons under open crops must be 
few, preferably not over two or three years at a stret~h, 
whereas meadows or cultivated pasture may be kept gomg 
up to ten or twelve years without turning the soil. With 
the abundant rainfall there, it is not at all difficult to keep 
the meadows yielding plentifully by means of manuring. 

With regard to the actual tilling it may be mentioned 
that unploughed potato fields have proved particularly 
liable to erosion. In these years when the soil is used for 
open crops, the ploughing should be done in the autumn 
and, for preference, across the slope (contour ploughing). 
Some soft soil will of course be washed off the top edges of 
the upturned sods, but this will gather in the furrows and 
will not be carried away. During the spring tilling it will 
again be worked into the ploughed-up stratum. In very 
steep places the whole of the ploughed-up layer of soil may 
slide downhill during heavy rains, but such steep slopes 
should not be used for open crops at all. 

And now a few words about plant nutrients being wash
ed away with the drain-water. 

From Tr0ndelag we have a record of investigations on 
this point, made by the agricultural chemist, 0. Braadlie. 
The quantities of plant nutrients annually carried away by 
drain-water from a tilled area of clayey soil at Voll Ex
perimental Station, near Trondheim, Mr. Braadlie found 
as quoted below: 

K 20: 27.4 kg. per hectare (30.7 lb. per acre). 
CaO: 332.6 kg. per hectare (372.8 lb. per acre). 
N: 18.5 kg. per hectare (20. 7 lb. per acre). 
P 20 5 : 0.21 kg. per hectare (0.24 lb. per acre). 

The investigations were made on a field on flat land with 
a rainfall of 772 mm. that year. 
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From a tilled bog at the Norwegian Bog Association 
Experimental Station on the bog Maeresmyra, south of 
Steinkjer, Mr. Braadlie found that the drain-water an
nually carried off the following quantities of plant nu
trients: 

K 20: 36.9 kg. per hectare (41.4 lb. per acre). 
CaO: 175.5 kg. per hectare (196.7 lb. per acre). 

N: 13.1 kg. per hectare (14.7 lb. per acre). 
P 20 5 : 0.05 kg. per hectare (0.056 lb. per acre). 

This field is also situated on flat land; the rainfall during 
the year of the investigations was 633 mm. 

As these examples show, these are by no means negli
gible quantities of plant nutrients that year after year dis
appear with the drain-water. Practically all tilled soil in 
western Norway and in large portions of the rest of the 
country is liable to loss by this rinsing process. This fact 
calls for limitation of that process, first by draining off the 
surface water so as to avoid unnecessary percolation 
through the soil with a corresponding increase in the loss 
of plant nutrients. As for the percolating water this has 
to be drained away as quickly as possible so as to create a 
good circulation of air in the soil. The third form of free 
water in the soil, underground water, should not be allow
ed to reach too high a level so that the larger interstices 
between the soil particles become filled with water, as this 
may be harmful in many ways. An effective and technical
ly correct drainage system is therefore desirable not only 
regarding conditions of growth for vegetation, but also 
with a view to fertilizing. 

In concluding it may be mentioned that Mr. Braadlie 
has found that through the seven greatest rivers in the two 
Tr0ndelag counties, the sea receives during a year over 
14,000 tons of nitrogen (N). The quantity of N, quoted in 
milligrammes per litre of river-water, varied for the 
rivers concerned from 0.611 mg. to 0.808 mg. per litre. 

We have so far been considering the natural causes of 
destruction or deterioration of the surface soil. It was 
mentioned above that the destruction of soil may also be 
due to social causes. Under this category we have here in 
Norway a form of soil destruction that is due to unregulat
ed production of peat fuel. As peat forms a fairly large 
portion of our fuel supply, 10 per cent of the population in 
Norway using peat for fuel, we shall go into the dis
advantages involved in this industry and into the measures 
taken in order to stop or limit the destruction of soil by 
peat-making. 

In the coastal regions of western and northern Norway 
where there is little forest, peat is the most important fuel. 
This has been the case for centuries. Because of this, the 
sources of good peat have been reduced greatly in many 
districts. The peat in the coastal districts often rests 
directly on rock without loam, sand or gravel between the 
rock and the layer of organic material above. The removal 
of peat transforms the land into ponds or swamps. In the 
course of time great areas suited for cultivation have been 
destroyed in this way. 

When the peat has been cut, then turf from more or less 
dry ground is utilized for fuel, that is, grass turf an.d 
heather turf. In this way the surface humus layer IS 

removed, and the underlying mineral soil is exposed to 
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erosion. The mineral layer that is left behind is usually 
too shallow or too coarse-grained for any production. On 
the other hand, the ground might be used for grazing or 
for forest, if the upper layer were allowed to remain. 

To those with little knowledge of these coastal districts 
it must seem an unwise policy to permit the soil upon 
which the future existence of the population depends, to 
be used for fuel. The explanation, however, lies in the fact 
that the inadequate income of the population forbids the 
importation of fuel from other districts. 

The problems connected with these questions have been 
discussed many times in different county congresses. The 
result of these discussions has only been the statement that 
it is very difficult to solve these problems. 

In 1936 the same questions were discussed in a meeting 
of the Norwegian Bog Association, and after an inter
pellation in the Norwegian Parliament, a committee was 
appointed by the Department of Agriculture, with the 
author as chairman. The committee is called "The Soil 
Conservation Committee" (] ordvernkomiteen). 

This committee was given the task of investigating the 
extent of soil destruction. In addition it was charged with 
formulating plans to correct the adverse conditions found, 
to help avoid further soil destruction, and thus solve the 
fuel question. 

When the war broke out in the spring of 1940, the 
collection of material for such a plan was practically com
pleted and six reports already issued. During the German 
occupation the work of the committee was hampered and 
the final reports were not issued until the war was over. 

The committee has issued ten reports in all. The first 
nine consider questions of mainly local interest. The tenth 
report, published in June 1946, gives a summary of the 
investigations into soil destruction and also proposes 
measures which the committee thinks must be taken to 
halt soil destruction. In the tenth report is also included 
a proposal for a Bill covering soil conservation. Before 
rendering an account of the propositions, a summary of 
the extent of soil destruction will be given. 

From Rogaland county in the south to the Russian 
border in the north, there are 110 coastal rural districts 
affected by soil destruction. In these districts the total 
area of destroyed or damaged soil amounts to about 5,500 
hectares (13, 700 acres). Each year the soil destruction 
amounts to about 100 hectares (250 acres). These figures 
are based on data available for the years before the last 
war. 

Soil destruction is highest in the coastal districts of the 
county of Hordaland; the next county is Finn mark and 
the third Nordland. Some smaller regions where the 
destruction of soil has been exceedingly concentrated are: 
the islands in Hordaland, particularly west of Bergen; the 
Fr0ya and 0rland districts in S0r-Tr0ndelag; some places 
along the coast of Helgeland in Nordland; and finally the 
peninsula of Varanger in Finnmark. 

The districts mentioned where the greatest soil destruc
tion occurs are also those in greatest need of tillable soil. 

last thirty years this question has remained without a 
satisfactory answer. 

The proposals given by the Committee are all based on 
the principle that the population must be made self
supporting. In accordance with this principle the Com
mittee will not recommend financial support for the pur
chase of fuel that is meant to replace peat. 

Remedies that in a relatively short time will help 
developments in a favourable direction are: 

1. An efficient information service regarding the production 
of peat required 

The committee emphasizes that the production of peat 
in the coastal districts must be given professional assistance 
to a greater extent than hitherto. Many coastal districts 
still possess peat resources of considerable importance. 
Several of these might be used without damage to the 
future utilization of the soil, but only if the excavation 
is carried out according to a plan. Occasionally a reasonable 
excavation may facilitate an eventual future agricultural 
utilization. In accordance with this, the committee has 
proposed the appointment of advisers in the coastal 
districts in the west and north of Norway. The task of 
these advisers will be chiefly to make investigations 
concerning peat, to plan and give information during 
the peat season, and to make inventories of peat resources. 

2. Subsidies for the building of peat-transport-roads to 
distant peat sources, and for other co-operative enterprises 
necessary for the utilization of larger areas of peat 

In places where the production of peat is dependent on 
large scale co-operative efforts-road-building and drain
ing for instance-there is usually no peat production 
whatsoever. At the same time there may occur large
scale soil destruction in the neighbourhood. The cause of 
this may be lack of initiative, of will, or of the ability to 
co-operate, but frequently the reason is that the necessary 
economical resources are lacking. In regard to these 
problems, it is a matter of necessity for the state to grant 
subsidies. 

3. The establishment of peat-inspection in conjunction with 
certain amendments to the law 

It is the task of the peat-inspection of a district to in
sure that the production of peat is carried out in a manner 
that does not impair the soil for future agricultural use, 
and to request professional advice when necessary. By 
the appointment of advisers it will be relatively easy to 
grant such requests. 

The committee, furthermore, points out the necessity 
for changing certain laws, especially the laws regulating 
the re-distribution of land. For instance, it is proposed 
that peat areas can be expropriated for monetary compen
sation when no other settlement is practicable. The com
mittee assumes that such compensation should be paid in 
annual instalments, corresponding to the duration of the 
exploitation or to the value of the expropriated area. 

4. Extensive support required to supply electricity in the 
coastal districts 

THE PROPOSALS OF THE COMMITTEE An important factor in halting soil destruction is the 
The old question: "What can be done to stop this building of electric plants. In accordance with this fact, 

destruction of soil?" is asked time and again. During the the committee has submitted suggestions for the supply of 
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electricity to the coastal districts. Investigations reveal 
that requirements for fuel for cooking amount to 60 per 
cent of the total consumption of fuel. If electrical power 
for cooking is made available the need for fuel will be 
correspondingly reduced, and the duration of existing peat 
reserves considerably prolonged. If, for instance, a certain 
quantity of peat is sufficient for twenty years of normal 
use the same quantity will last for fifty years if electricity 
is used for cooking. 

According to investigations, the use of electricity for 
heating will be relatively expensive in comparison with 
the present cost of fuel, and more expensive than the 
population can normally afford. 

The committee has also pointed out the indirect benefits 
deriving from the installation of electrical power, i.e., the 
creation of new forms of income and subsequent 
strengthening of the national economy. The population 
will be able therefore to afford electrical energy and will 
depend less on peat for fuel. 

The importance of the wind as a source of energy in the 
coastal districts has also been investigated and an electric 
plant based on wind energy has been planned. 

The committee suggests that in its plans for the electri
fication of the country to the greatest possible extent, the 
government should grant support to the coastal districts, 
thus assisting in the effort to arrest soil destruction. If 
electrical energy is to succeed in rendering real help it 
must be produced cheaply. 

All the remedies mentioned so far will soon become 
effective. The committee also has other remedies under 
consideration which will become effective after some 
years. The main remedy in this category is the following: 

5. Extended production of wood in connection with cultiva
tion of pastures 

The committee has reviewed the possibilities of re
afforestation and the cultivation of pastures in the coastal 
dustricts of Vestlandet, Tr0ndelag, and as far north as 
VesteraJen in .Nordland. Of a total area of about 1.05 
million hectares (2.6 million acres) of uncultivated land, 
there are about 0.24 million hectares (600,000 acres) fit for 
the production of wood and about 0.12 million hectares 
(300,000 acres) fit for the cultivation of pastures. 

If the area suitable for the production of wood is planted 
with pine (Pimts montana), which is considered to be a 
good producer of wood for fuel, these coastal districts will, 
forty years after the planting is finished, produce about 
25 million cub. ft. annually. This estimate is based on an 
average annual production in the coastal districts of Hor
daland to Vesteralen in Nordland of about 10 cub. ft. per 
acre. The potential production of wood for fuel in these 
districts is therefore considerable. 

The committee further emphasizes that the coastal 
population is also entitled to enjoy the social and re
creational values of the forest, which at the same time 
prevents soil destruction and improves economic con
ditions. It is strongly recommended that the State give 
more support to forest planting in the outer coastal 
districts than it has done in the past. 

The area suited to improved pasture in the coastal 
districts amounts to about 300,000 acres, as mentioned 
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above. If one acre of cultivated grazing land is considered 
sufficient for one cow or horse, and about one-fifth of an 
acre for one sheep or goat, this area would provide suf
ficient grazing land for 275,000 cows or horses or 1.4 
million sheep. 

If an annual production of about 800 fodder units per 
acre is obtained, the area is conservatively estimated to 
produce about 220 millions of fodder units each year. 

A Bill for soil conservation 

The proposition concludes with a Bill for soil con
servation which prohibits destructive digging of peat. In 
the opinion of the committee it is absolutely essential to 
adopt a soil conservation law, even though a law of this 
kind may be regarded at first as a restriction on the rights 
of ownership. In Norway we previously had a law cover
ing forest conservation. \Vhen this Act was passed, strong 
objection was raised against it, but now the necessity for 
the law is understood. There can be no doubt that a soil 
conservation Act' will parallel that of forest conservation. 
\Vithout such an Act for soil conservation it will be very 
difficult to plan and execute a more rational utilization of 
the peat areas, and to halt destruction of the soil. 

This Bill is included in the committee's report number 
10. It specifies certain minimum limitations as to the 
thickness of the layer of peat that must be left when 
excavation has been completed. The thickness of this 
layer varies according to the nature of the inorganic 
matter in the subsoil, and the future use to be made of the 
land. The Bill also includes regulations for the general use 
of peat land and also for the burning and removal of 
heather. 

To sum up I will say: All our endeavours must be 
directed towards the conservation of the soil, that is, the 
plant-nourishing and the plant-producing component of 
the loose layers in the earth. To a country as poor in soil 
as is Norway, and partly unfavourably situated as to 
climate, the soil becomes particularly valuable. We must, 
therefore, see to it that the waste of soil is stopped; other
wise conditions will become steadily more difficult so that 
in the end we shall be confronted with problems which are 
nearly insoluble. 
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Summary of Discussion 
Mr. Bum, in presenting the introductory paper on 

"Physical Methods of Soil Conservation", stressed: (1) 
that the outstanding development of modern times in the 
methodology of soil conservation is the combined use of 
all serviceable measures, acre by acre, in accordance with 
the predetermined needs of each acre for protection and 
improvement, and in accordance with the calculated ca
pacity of each acre for intensive use; and, (2) that the key 
to successful conservation of soil and water resources is 
the careful study of the land, so that each acre may be 
used within the range of its capability and protected by 
the co-ordinated use of all needed conservation measures, 
scientifically applied. 

Mr. S. T. jENSE).i" asked whether any evidence existed of 
the possibility of effectively checking wind erosion in such 
areas as the "dust-bowls" of the United States, especially 
after a number of dry years. 

Mr. Bum replied that one of the methods of controlling 
wind erosion was to employ appropriate cropping systems, 
in particular strip-cropping, and to plant crops selected 
for their resistance to damage by wind-erosion. 

Mr. H. H. BEN).i"ETT added that a further effective 
method, which had been developed extensively in the 
United States, was the retention of crop residues on the 
soil surface, a procedure known as "stubble mulching". 
Another method was the use of shelter-belts or wind
breaks, which gave reasonable protection to nearby 
ground. Still other methods were employed in various 
parts of the country according to local conditions. 

Mr. CLAY asked whether the erodability factor was 
taken into consideration in classifying soil for land use 
allocation. 

Mr. Bum replied in the affirmative. If two areas which 
were similar in all other respects possessed a different 
degree of erodability, they were given a different classi
fication. 

Mr. TIMMONS, referring to the concluding sentence of 
Mr. Buie's paper, stressed that economic as well as physi
cal study of land was essential in order to determine its 
capability of yielding economic benefits in the future. 

Mr. HAMID drew attention to one of the main soil con
servation problems encountered in the West Punjab area 
of Pakistan, namely the presence of sodium salts in the 
soil. When sodium salts rose to the surface of the soil, 
they reduced fertility to a considerable degree. The cur
rently used leaching method was not entirely satisfactory; 
while it did succeed in pushing the salts down for a certain 
period, it did not prevent their rising again after ap
proximately ten years. 

Mr. AULL wondered whether conservation programmes 
could be based on predictions of the management needs 
and the productive capacity of the soil alone; he felt that 
the needs of the people dependent on the soil should also 
be taken into consideration. 
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The CHAIR:\IAN drew the attention of those present to 
the paper by Mr. Khan and Dr. Riaz of Pakistan, entitled 
"Physical Methods of Soil Conservation". 

Mr. CLAY presented the paper prepared by Mr. Little
john on "Soil Conservation in Cyprus". He observed that 
the problems dealt with in the paper existed in many 
other British dependencies, where the question of soil 
conservation was also a social rather than a technical or 
scientific matter. Cyprus was a small island with limited 
financial resources; moreover, local agricultural practices 
conflicted with the basic principles of land use and con
servation. There was need for a drastic reorganization of 
the use of land by small owner-cultivators. 

Replying to a question by Mr. E. A. HARDY, Mr. BuiE 
stated that the United States Soil Conservation Service 
had met with unquestionable success in enlisting the co
operation of individual farmers on conserving their land. 
Owners' participation in the scheme had actually ex
ceeded expectation. 

Mr. AULL noted the statement that land holdings were 
much divided in Cyprus, as in other colonial territories, 
and wondered whether that fact affected interest and par
ticipation in soil and conservation programmes. 

Mr. CLAY said that only 10 per cent of the cultivated 
land in Cyprus was owned by absentee landlords. A law 
had been recently promulgated prohibiting the transfer of 
land separately from the tree crops grown on it and sub
division of unirrigated fields below 5 donums (P/3 acres) 
was henceforth forbidden. 

Mr. H. H. BE).i"NETT observed that considerable diffi
culties had been encountered in the United States in con
nexion with the subdivision of land areas, especially along 
the Rio Grande in New Mexico. Soil conservation was 
virtually impossible where land was divided into very 
small portions among a large number of owners. He also 
mentioned a case in Southern Germany where 8,000 
holdings in a relatively small area had recently been 
reduced to 500. 

Mr. REIFENBERG stressed that soil erosion could be 
counteracted only by improvements in social and economic 
conditions. In Cyprus, as in many other countries in the 
East, land tenure was a serious problem. The Govern
ments of those countries were endeavouring to prevent 
abuses, but deterioration could hardly be prevented where 
land was held in common by a whole village and cultivated 
in strips by individual farmers regardless of the suitability 
of the soil for particular types of crops. However, if as a 
result of land distribution the land reverted to a private 
owner, small cultivators soon incurred debts and were 
obliged to sell their land to absentee owners who were less 
interested in soil conservation. Thus, soil erosion was 
frequently the result of adverse economic conditions as 
well as of bad management. 

Mr. AMBROISE said that in his country, Haiti, the 
problem was comparable to that outlined in Mr. Little
john's paper. Haiti was a country with an area of ap-
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proximately 10,700 square miles and with 27 4 inhabitants 
P'~r square mile. The surface was very irregular; three
quarters of the country was mountainous and only one
quarter was flat. The climate is tropical, and a grave 
dcmger of erosion is always present. Under the system of 
small property ownership currently in force, it was diffi
cult to achieve real progress in soil conservation; conser
vation of the soil might be carried out effectively on a 
group basis, but he wondered how it could be done where 
individual smallholders were concerned. 

Mr. KELLOGG said that the difficulties referred to could 
b·c~ overcome by determining what kinds of agriculture 
were carried out in various sections of the country, and by 
issuing definite recommendations to leading farmers. The 
country should be divided into main regions and those 
rf'gions should be studied in detail; mapping of soil, slope 
and erosion should be undertaken, with corresponding 
laboratory and field plot work. It would thus be possible 
to establish what recommendations should be made. It 
was usually possible to suggest several methods whereby 
farmers might raise productivity as well as conserve the 
land. 

Mr. MuKHERJEE stated that some experiments in co
operative farming had recently been made in India, where 
displaced persons had been resettled in specially selected 
areas. He agreed with Mr. Kellogg that farmers and 
peasants were generally willing to accept expert advice 
with regard to soil conservation. He believed that such 
advice could best be put into practice on a co-operative 
basis. 

Mr. RATINEAU said that in Northern France, where the 
climate was favourable, erosion was relatively unknown, 
but that some erosion existed in Southern France. In the 
Mediterranean region, terracing was still employed; it was 
generally used as a conservation method on small proper
ties devoted to vine and flower cultivation. Erosion was a 
more important problem in the French colonies. 

Mr. GUILLAUME said propaganda might fail to per
suade farmers to use the techniques needed to conserve 
soil. Therefore, while continuing to use persuasion, the 
authorities should have legal power of compulsion to be 
used when necessary and in the public interest. 

Mr. DE HAAN emphasized that economic and social 
conditions were the most important factors in under
developed countries. In Indonesia, the system of en
listing the co-operation of village societies and communal 
administrations in the interests of soil conservation had 
proved most effective. On the island of Bali, for instance, 
local village societies had been asked by the administra
tion to carry out ravine protection work and had done so 
with a considerable measure of success. 

Mr. SAUCEDO CARILLO said that wind erosion was a 
serious problem in Northern Mexico, where the soil was 
predominantly sandy; in the southern part of the country 
on the other hand, where the soil was marshy and the 
climate tropical, with a rainfall of more than 60 in., diffi
culties arose from the absence of effective drainage 
systems. The Mexican administration was trying to im
prove soil conditions and to teach the meaning of soil 
conservation to the people; on the whole, the farming 
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population had been eager to accept instruction and ad
vice. Attempts were also being made to teach the prin
ciples of soil conservation in schools. 

Mr. MYINT presented his paper on "Physical Methods of 
Soil Conservation", dealing with soil conservation 
problems in Burma, and summarized its salient points. 
He considered that erosion could be combated by the 
careful introduction and co-ordination of United States 
soil conservation methods taking into account various 
specific factors which characterized the agricultural 
system in Burma. 

In reply to a question by Mr. Buie, Mr. M YINT explained 
that corrugation farming was a method by which deep 
furrows were made along the contour by rough-harrowing, 
after the seed had been sown, in order to check soil wash 
and surface run-off after rainfall. 

Mr. C. H. EDEL:I1AK spoke of the experience of the 
Netherlands in introducing soil conservation methods 
among Indonesian farmers. Social and economic factors 
had proved far more difficult than purely technical 
problems. While plantation farming had been found very 
economical and had aided in conserving the soil, it had 
been extremely difficult to organize the densely-populated 
villages and impose the regulations necessary to divide the 
land into farms of economic size which would be more 
productive. 

Mr. VIAUD introduced his account of soil conservation 
experience in El Salvador. After a short review of land 
conditions prevailing in that country, he emphasized that 
the principal problem was the readaptation of the land for 
better use. That objective could be achieved by elimi
nating malaria from certain areas of flat land, mechaniza
tion of farming in other areas and general expansion of 
rural credit facilities. 

Mr. VARGAS V AGLIO explained that his country, Costa 
Rica, had recently embarked upon a soil conservation 
programme. He would welcome information concerning 
the best crops to plant in order to check wind erosion and 
further clarification on precipitation as a factor in soil 
classification. 

Mr. DuLEY referred to the difficulties of checking the 
wind erosion of the sandy soil of Mexico and Costa R.ica. 
Sandy lands were low in nitrogen. A start could be made 
in correcting that condition by planting leguminous crops. 
Where that was not possible, the land might be improved 
and erosion checked to some extent by cultivating alter
nate strips of fallow land and stubble mulch alongside the 
growing crop. 

Mr. RANGHEL observed that soil conservation problems 
in Colombia were similar in many respects to those of El 
Salvador as set forth in Mr. Viaud's paper. In the uplands, 
where rainfall was very heavy and methods of cultivation 
not very advanced, erosion was a serious problem. In the 
lowlands, on the contrary, it was virtually negligible. 
Special techniques had been developed to control erosion 
on the slopes of the Andes. They were set forth in a paper 
which Mr. Ranghel placed at the disposal of the section. 
However, in all efforts to promote soil conservation, two 
important factors had to be taken into account: the need 
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for education on the importance of conservation of the 
Colombian natural resources, and the adaptation of con
servation methods to the specific climate and terrain of 
the country. In Colombia, where the educational level of 
the people was low and where it was consequently difficult 
to stimulate interest in conservation practices, the Coffee 
Federation was co-operating in the establishment of pilot 
farms. On those model farms, the most modern methods 
were applied and their effectiveness demonstrated. 
Furthermore, certain practices had been found particular
ly well-adapted to the coffee and cacao crops. For in
stance, the shading of the coffee plantations had resulted 
in a better crop and in conserving the soil; the replacement 
of the hoe by the machete in weeding had proved advan
tageous in checking the topsoil wash; the planting of 
creeping indigo had enriched the soil, protected it, and 
kept it humid. 

Mr. GREEXE (Food and Agriculture Organization), re
ferring to the paper on the conservation problems of El 
Salvador, asked what difficulties prevented moving culti
vation from the mountainous regions where erosion was 
serious to the flat lands where it did not present an ob
stacle. The prevalence of malaria in the lowlands had un
doubtedly driven farmers to cultivate higher land. How
ever, that scourge had been successfully eliminated in 
many regions such as Venezuela, and at Belem near the 
mouth of the Amazon and could certainly be stamped out 
in El Salvador. Moreover, farm machinery could be used 
to advantage on the coastal plains which were not affected 
by erosion. 

Mr. VIAUD explained that the movement of farmers to 
the mountainous regions could be explained by the fact 
that the climate was cooler there. In addition, the cattle 
industry was concentrated in the coastal areas owing to 
the presence of water there. Nevertheless, there could 
certainly be a gradual readaptation of the coastal land for 
better use. In that connexion, it should be noted that 
cotton was being grown in ever-increasing quantities along 
the coast. 

The CHAIR:WAN drew attention to the paper on "Agro
Technical Reorganization of the Wind Eroded Pampa 
Area" by A. Arena and C. V. Quevedo of Argentina, and 
the paper on "Experiments with Methods for the Conser
vation of Soils and Moisture in the Semi-Arid Region of 
Argentina" by A. J. Prego and L. A. Tallarico. Both 
papers had been received too late to be reproduced. 

In the absence of its author, Mr. F. HARDY presented 
Sir Harold Tempany's paper on "Land Use Regulations as 
Aids to Soil Conservation". He noted that it concerned 
rather the sociological than the physical sciences and gave 
a brief resume of its contents. It could be divided broadly 
in to two parts: the first gave a summary of the develop
ment leading to the need for legislation on soil conser
vation; the second discussed the various types of legis
lation, their history and adaptability and stressed the 
desirability of further considering means of enforcing soil 
conservation practices through regulations. Mr. Hardy 
shared Sir Harold Tempany's views that land ownership 
did not imply freedom to abuse the land, that caution 
should be exercised in introducing land legislation, and 
that an intensive education programme was required to 
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make conservation practices acceptable to farmers and to 
stimulate popular support for the enforcement of legis
lation directed to that end. 

Sir Harold Tempany had observed very rightly that 
erosion control was only a part of good husbandry and that 
many factors, such as population density and mobility, 
had to be carefully weighed in evolving anti-erosion 
measures. Full consideration had also to be given to land 
uses before effective legislation could be framed. Mr. Har
dy also agreed with Sir Harold that, in view of the low 
educational level of the population in primitive communi
ties, it was unwise to wait for the people to take the initia
tive in instituting soil conservation practices; an ap
proach should be made through local and communal 
authorities. 

Mr. E. DE VRIES was in full agreement with the points 
made in Sir Harold Tempany's paper. The land problems 
of Indonesia were very similar to those of the British 
dependencies, and legislation was the basis of the anti
erosion campaign in that country. Early regulations in 
Java had checked the deterioration of the land. As a 
result, erosion had become a problem much later than had 
been anticipated in view of climatic conditions and the 
density of the population. It would be highly profitable 
to know what legislation had been adopted in other coun
tries with similar climatic and demographic problems. 
The legislative service of FAO should undertake to furnish 
that data. 

Mr. GUILLAUME also supported the conclusions given in 
Sir Harold Tempany's paper. He emphasized that in all 
cases it was far better to prevent the deterioration of the 
soil than to be forced to embark on the costly process of 
restoring the land after it had been exhausted and rendered 
worthless. While restoration might become necessary 
in certain overcrowded regions, the tropical areas of Africa 
within the French Union were not rich enough to afford 
the expenditure required for land restoration operations. 
The development of appropriate systems of cultivation 
were the principal means of preventing soil deterioration. 
Unfortunately, the inhabitants of the French African 
territories had not used their best weapon against erosion: 
the cultivation of the low-lying alluvial lands through 
mixed farming and repopulation. 

All efforts to institute soil conservation practices de
pended for their success on the full and active consent of 
the farmers. Despite persuasion and intensive propaganda, 
itwasoften difficult to impose such methods. Consequently, 
the need for effective legislation and its enforcement 
became imperative. Great caution should be exercised 
in introducing regulations; they should be flexible and 
adaptable to specific cases. They could be administered 
by co-ordinating existing administrative machinery, 
rather than by specially constituted bodies. 

Mr. STEAD noted that reference had been made in the 
paper under discussion to the difficulties of financing soil 
conservation over a period of years. He pointed out that 
the Federal Reserve Bank of St. Louis in the United States 
had studied plans for providing public and private credit 
for conservation projects and had developed plans to aid 
banks in providing credit for soil conservation and land 
improvement purposes. Those plans laid particular 
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emphasis on the gradual appropriation of funds and pay
ment for improvements made on eroded land as the bene
tits from them accrued. 

In the absence of its author, the CHAIR:VIAN drew at
tention to the paper presented by Mr. L0ddes0l on "Soil 
Conservation Problems in Norway". He noted that Mr. 
L0ddes0l had raised the question of the conflict between 
fuel demands and soil conservation in his country in 
connexion with the use of peat. 

Mr. C. H. EDELMAN observed that the subsoil of peat
lands often proved to be usable. In the Netherlands, peat
lands had been reclaimed for agricultural use, after the 
peat had been burned up as fuel. He feared, however, that 
in Norway the peatlands rested on granite which was not 
adaptable for agricultural use. 

Mr. H. H. BENNETT raised the question of how to keep 
peat from burning up through oxydation, a form of 
natural combustion, and by fire after the peatlands had 
been drained. One effective control had been found: 
maintaining the water-level as near the surface as possible 
through dyking and other water-control methods. 

Sir William 0GG added that in England it was especially 
important to determine the correct water-level to prevent 
loss of the fen-type peatlands. In Scotland, on the other 
hand, there was relatively little fen peat but two types of 
moorland peat: the fibrous peat which was easy to re
claim, especially for pasture land, and the colloidal type 
(Scirpus) which presented a serious problem because no 
suitable means had yet been found for draining it. 

Mr. MENHINICK remarked that, as Mr. L0ddes0l had 
mentioned in his paper, the construction of electric plants 
was an important factor in halting soil destruction. A 
hydro-electric power plant, for example, would lessen the 
<lemands on peat for fuel. 

The CHAIR!\IAN closed the discussion on the individual 
papers and declared open the general discussion on the 
text of the papers and the observations presented on them. 

Mr. Bum referred to the question of economics raised in 
connexion with his paper and stressed that full consider
ation should be given to the economics of land use. 

Mr. E. A. HARDY emphasized the importance of wind 
erosion control. In those areas of Canada subject to 
drought, a satisfactory means of combating wind erosion 
had been found in the use of trash-cover consisting of 
stubble from wheat and other grains. Disc-type machines 
and blade-weeders were used in order to leave the trash on 
the land during the fallow period. The speed of operation 
presented one problem, some farmers being inclined to 
operate too rapidly; another was that of working the land 
as little as possible. 

Mr. E. DE VRIES pointed out that one of the items not 
~-et discussed was that of stabilizing vegetation. That was 
important, especially in tropical and subtropical areas. 
The co-operation of the peasants was essential and, if a 
useful plant could be found, experience had shown that it 
would be accepted readily by the peasants even of the 
lowest levels of cultivation. There were approximately 
10,000 types of grasses and an equal number of types of 
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leguminous plants in the tropical areas alone. It was 
desirable that countries should find some means of ex
changing such plants. The Food and Agriculture Organ
ization should undertake to organize such exchanges. 

Mr. C. H. EDELMAN stated that, in areas considered to 
be sub-marginal farm land, the cost of improvement was 
too great to be borne by the population. In the Nether
lands some areas affected by wind erosion had been re
claimed but were still sub-marginal and unsatisfactory for 
farming. A solution to that problem would have to be 
found. 

With reference to soil-stabilizing plants, Mr. RAXGHEL 
pointed out that in Colombia a leguminous plant of the 
indigo family, "anil rastrero", had been used with success 
in coffee and siringa plantations. It could be used in 
feeding animals, fertilizing soil and preventing erosion. 
Plants were also being used to prevent river water from 
carrying land downstream and causing erosion. Such 
plants were of the genera Guadua, Heliconia, Anatherum, 
etc. 

Mr. MAITLAXD expressed interest in the paper sub
mitted by Mr. L0ddes0l, particularly with regard to the 
connexion between fuel and soil conservation. In the 
Middle East experience had shown that the tearing up of 
desert vegetation resulted in sand movement detrimental 
to the area. The answer to the problem seemed to be the 
provision of substitute fuel, the obvious substitute being 
wood. Wood fuel took time to produce, however, and 
Mr. Maitland wondered whether there was another answer 
to the problem. 

Mr. CLAY felt that there had been a useful exchange of 
views, yet one point, the key to soil conservation, had not 
been stressed, namely the use of grass in the prevention of 
erosion. Leguminous crops could not replace grass as an 
anti-erosion measure. In most under-developed countries 
expenditure for soil conservation was necessarily limited. 
Soil conservation was essentially a form of capital invest
ment. Under-developed countries were compelled to adopt 
the simplest methods of erosion prevention and were un
able to emulate the measures taken in highly industrial
ized countries. Admirable work was being done in Italy, 
especially in Tuscany, where considerable assistance had 
been obtained in anti-erosion measures, wheras it was 
hopeless for a country such as Cyprus, where the same 
problems existed, to attempt to do as much because of its 
insufficient financial resources. Capital investment in 
peasant agriculture was one of the most essential problems 
in the development of agricultural production. It was 
necessary through grouping to reorganize peasant holders 
into larger and more compact units which would attract 
capital investment. Considerable sums had been spent in 
Africa in the form of direct grants through the Colonial 
\Velfare Act, yet returns had been slight. Pilot schemes 
were necessary to demonstrate group development of small 
peasant producers as a suitable medium for long-term 
capital investment. 

A reasonable policy would embrace the following 
measures: the establishment of basic surveys; the determi
nation of the farming system best suited; pilot schemes 
with the use of paid labour to demonstrate the organ
ization of groups with a view to attracting capital invest-
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ment; a general expansion of those systems to peasant 
producers. 

Mr. DE SouzA DA CAMARA expressed the view that anti
erosion methods gave different results in different sections 
of a country. In northern Portugal, for instance, where 
there was a good distribution of rainfall, soil conservation 
was satisfactory, whereas southern Portugal suffered from 
drought causing severe erosion. The same situation exist
ed in Spain. Without minimizing the importance of social 
and economic problems, physical forces were paramount 
in the field of soil conservation. 

Mr. ORELLA)(A A. stated that Venezuela suffered con
siderably from erosion, one of the major contributing fac
tors being the goat which ate plants down to the roots 
leaving the soil prey to erosion. Yet the goat was an 
animal which provided food and milk for the population. 
That brought the problem into the economic field. Mr. 
Orellana invited suggestions on how best to solve the 
difficulty. 
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Mr. CARABANO pointed out that the problem of soil 
conservation was most complex for young countries such 
as Venezuela. The problem was not a new one, dating from 
the days of the conquistadores. The peasant preferred to 
live in the mountains where the climate was more tempe
rate and where he could use primitive methods such as 
working a piece of land until it was practically destroyed 
and then moving on to another area. Erosion followed 
affecting the production of hydro-electric energy and the 
ecology of woodlands. Only a few persons were aware of 
that situation, yet it was imperative that the broad masses 
should be informed. Mr. Carabafio was therefore consider
ably interested in the description by Mr. Bennett of 
methods of propaganda aimed at bringing about a col
lective consciousness. That would eventually lead to the 
enforcement of legislation directed at soil conservation. 
The work done by the United States Soil Conservation 
Service provided the weighty proof of the effectiveness of 
education and planning in the introduction of soil conser
vation methods. 
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Soil Conservation: Methods of Organization 

J. C. DYKES 

ABSTRACT 

It is believed that effective soil conservation work of any considerable extent is dependent on a governmental 
decision either to approve or participate in such work to some degree. Effective soil conservation work is so directly 
affected by other elements of a nation's society and economy, and soil conservation in turn produces such far-reaching 
influences, that active correlation through an over-all national organization is imperative. Related governmental 
programmes must be aligned and co-ordinated in a way to supplement and support effectively the soil conservation 
programme and policy. 

A national soil conservation organization, operating under the broad policy direction of the over-all national organ
ization, is in an excellent position to translate national policy into effective action on the land. The soil conservation 
job is so complex, basic and big that it cannot be made the responsibility of an organization that has other primary 
purposes. A special full-time conservation agency is required. The nature of the conservation job in any country 
provides the best guide to the character of the organization. Experience has shown that research, particularly for 
finding the solution to local land and water problems, surveys to determine land facts, and local working organizations 
of farmers are necessary to get lasting conservation work done, and done fast enough. Intermediary organizational 
levels between the national and the strictly local offer advantages under certain conditions. On·site technical and 
other assistance, at times and in amounts determined by the needs of the people and the land, is the key to achieving 
soil and water conservation. 

As increasing consideration is to the need for soil 
conservation work by the nations of the world, the methods 
of organizing such work have become the subject of an 
ever-growing amount of discussion and study. This is al
together appropriate, because while the type and size of 
organization needed for carrying on soil conservation work 
should be a natural evolution, as essential information on 
the extent and complexity of the job is secured, it is im
portant that a sound basic organization be set up in the 
very beginning. 

It is assumed, for purposes of this paper, that national 
governments will almost invariably exert some degree of 
influence or participate to some extent, either large or 
small, in any substantial soil conservation undertaking 
within their boundaries. The vital importance of produc
tive agriculture to a nation's total economy would seem 
to make this a reasonable assumption. Moreover, there 
seems to be a general acknowledgment today that the 
central or national government of a country has a vital 
role and responsibility in the conservation of soil resources. 

It should be noted that organization for soil conser
vation also has distinct and important international as
pects, but the largest area of organization to be covered by 
this paper will be nationaL Further, it is necessary in 
these introductory statements to point out that an at
tempt has been made to discuss organization from a 
practical, rather than an ideal, point of view. Certain all
important facts inherent in soil conservation work, 
wherever it is or may be undertaken throughout most of 
the world, have a basic relation to the organization of 
such work. These facts, as well as certain principles of 
conservation organization which are receiving widespread 
recognition, constitute a useful starting place for study 
and analysis by interested individuals or agencies of any 
nation. 

A brief review of the nature of the soil conservation job, 
and what it involves, provides a useful background for 
consideration of the organization necessary to get the job 
done. 
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First, there is an increasing recognition that soil and 
water conservation is basic to a permanent agriculture. 
Productive land around the world is limited in extent and 
many nations are becoming aware of this fact. Moreover, 
the productive capacity of much good land is being re
duced by erosion and abusive land use in many countries. 
In view of the increasing population, there is every reason 
for nations to take action as quickly and as effectively as 
possible to conserve the remaining areas of good land in 
order to assure the continued production of needed food 
and fibre at the lowest possible cost. 

There is an increasing recognition that proper use and 
treatment of the land is the base on which other phases of 
an agricultural programme must rest. Improved varieties; 
fertilization; insect and disease control; improved ma
chinery and harvesting methods; selection, breeding and 
management of livestock, and improved marketing prac
tices are of but temporary value to the farmer and the 
nation losing productive land at dangerous rates. Like
wise, the price obtained for agricultural commodities can 
mean but little to the farmer and the nation that does not 
and cannot produce enough for home consumption be
cause of soil impoverishment and water wastage. How
ever, where an effective of conservation farming 
has been established or is under way, for the purpose of 
anchoring the soil in place and properly utilizing water, 
both the farmer and the nation are able to get more nearly 
full benefit from other agricultural programmes and 
efforts. 

Second, there is an increasing realization of the vastness 
of the area on which conservation treatment and changes 
in land use will be needed in order to get the conservation 
job done effectively. The extent and complexity of the 
job varies from place to place with the soil, slope, degree of 
erosion, susceptibility to erosion, climate, land use, and 
soil and water relationships. 

The simplest problem, of course, is on the more nearly 
level areas of good, well-drained soils in the humid zones 
where the principal needs are fertility maintenance and 
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improvement. Unfortunately, areas of this kind are limit
ed not only in extent but in distribution. Only a small 
proportion of the world's cropland can be classified in this 
mtegory. On the other hand, hundreds of millions of 
a•.:res of cropland have been and are being damaged by 
erosion and require complex combinations of vegetative 
a:1d mechanical controls in addition to fertility maintenance 
a:1d such other improvements as drainage and irrigation. 
In low rainfall areas, a complex of water conservation, 
plus wind erosion control, plus water erosion control, plus 
soil fertility maintenance are often needed. The manage
ment of range and pasture lands amounting to many 
hundreds of millions of acres is also of vital importance to 
sustained production and again the job varies with the 
physical factors and with the intensity of previous use. 
The same applies to farm woodlands. Work of such mag
n,tude, particularly when it is widely dispersed, obviously 
cmmot be accomplished to best advantage without a 
n.:ttional policy of soil conservation, the teamwork of 
many minds, and correlated action on many fronts. 

Third, there is an increasing recognition of the inherent 
complexity and diversity of the problems which must be 
met in accomplishing conservation of soil and water re
sources. In addition to the needed work on regular farm 
and ranch lands, there are both public and privately
owned non-farm lands to complicate the soil conservation 
job. Highway and road erosion; stream bank erosion; 
floods; the sedimentation of lands, streams and reser
V<)irs; shoreline erosion; and sand-dune stabilization are 
among the other problems that frequently must be dealt 
with in doing a thorough, national, soil conservation job. 

Conservation technicians working in a particular area 
do not have to deal with all of these problems on a single 
farm, but ordinarily they have to deal with at least four 
or five of them. Each requires considerable technical skill 
for its solution and each problem further complicates the 
solution of the others. Perhaps one example will serve to 
emphasize the complexity of the problems as they are 
encountered in combination. Irrigated agriculture in
volves both land and water, reaching from the watershed 
source of the water to the lower end of the last field on the 
project where any excess water after irrigation finally 
drains away. So the problems on the irrigated lands are 
intermingled with those encountered on the surrounding 
dry farming areas, livestock grazing lands, mountain 
forests and meadows, and so on. They involve protection 
of the watershed as the source of water supply, protection 
of both natural and artificial storage and conveyance 
facilities, prevention of erosion and siltation all along the 
way, control and prevention of flood-waters, safeguarding 
the land to keep it free of alkali, fertility maintenance, and 
other problems. Such diverse problems clearly require the 
full-time efforts of a variety of skills applied to gain the 
d;:sired, common objectives. 

To deal effectively with a task of such proportions, ex
perience to date shows clearly that many types of or
ganizations must be used by a nation, in a co-ordinated 
manner, at all important administrative levels, and in all 
important distinctive geographic and climatic areas of 
substantial size. As a matter of fact, it is now possible to 
suggest, on the basis of experience, a chronology of eight 
b.1sic steps in organization procedure. This chronology 

would seem to be widely applicable as a guide and a useful 
basis for adaptation by any nation contemplating a com
prehensive national effort for the conservation of soil and 
water resources. 

1. The national decision. It is now apparent that before 
any effective soil conservation work of any considerable 
extent can be undertaken in most countries, there must be 
a governmental decision either to approve or participate 
in such work to some degree. The adoption of a national 
policy to guide activities in this field gives the movement 
a needed impetus and opens the way for the co-ordination 
of related activities. 

National needs, domestic and export trade require
ments, domestic distribution and consumption factors, the 
level of agricultural and industrial income, the needs of 
business and industry for the raw materials of agriculture, 
the availability of credit, aids to mechanization of agri
culture, as well as activities bearing on the health and 
education of people living on the land, are examples of the 
elements affecting soil conservation. Unless these elements 
are considered constantly in their individual and combined 
relation to soil conservation, under the guidance of a 
clear-cut national policy, and preferably through the 
medium of some authoritative governmental organization 
such as a Cabinet of policy officials or a Council of Minis-

effective soil conservation will be difficult to achieve. 
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The national decision, therefore, involves utilizing an 
over-all national organization to assure policies and activi
ties of related govemmental programmes being aligned 
and co-ordinated in a way to supplement and support 
effectively the soil conservation programme and policy. 
Often, existing organizations such as those dealing with 
agricultural production, rural education, afforestation and 
agricultural credit, can be effectively utilized to provide 
some of the essential services and facilities needed to ac
complish soil conservation. In this way, unnecessary 
duplication of functions can be avoided and pertinent 
skills brought to bear so that all mutually support one 
another to the end of providing the greatest possible bene
fit to the nation's agriculture. 

2. The national soil conservation organization. It is be
coming increasingly clear that the soil conservation job in 
almost every country of the world is basic and complex. 
Accordingly, there is a growing disposition to assign the 
job to a special agency of the government that can give it 
undivided attention. There is wisdom in this trend, for 
prevailing experience has shown that soil conservation 
cannot be successfully advanced when it is made a sub
sidiary or incidental function of some organization dealing 
primarily with other activities. 

A national soil conservation organization, operating 
under broad national policy, is in an excellent position to 
translate the policy into effective, efficient action on the 
land. Moreover, such a national soil conservation or
ganization provides the mechanism so absolutely neces
sarv for the conduct and co-ordination of the several 
ess~ntial activities that are fundamental to accomplish
ment of the soil conservation job. Several of the many 
diverse and often complex activities involved in successful 
soil conservation have been mentioned previously in this 
paper. In turn, it is obvious that the variety and charac
ter of these activities help determine, in a large degree, the 
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nature of the organization needed to deal with them. Thus, that are either direct subsidiaries of the national or
a national soil conservation organization would provide, ganization, or at experiment stations already established 
or make arrangements for providing, as needed, for: and engaged in a variety of types of agricultural research. 

(a) A basic staff of proficient soil conservation techni- Quite possibly it would be desirable to utilize both types 
cians including, as needed, agronomists, biologists, en- of stations. It is important to organize the research work 
gineers, foresters, soil scientists, hydrologists, and others; at the several stations in such a way as to make it directly 

responsive to the needs of the nation, provide for an inter
(b) Soil conservation research, including the physical, change of knowledge and reports on progress, eliminate 

social and economic aspects of the problems; unnecessary duplication of work, co-ordinate the activi-
(c) Soil conservation surveys, including the character, ties at the different stations, and maintain uniformly high 

extent and rate of erosion and other forms of land damage scientific standards. 
as well as an inventory of present and potential productive ' 4. Making an inventory of soil and water resources. As a 1 

lands; basis for the efficient conduct of soil conservation work, it ' 
(d) Soil conservation materials, equipment and rna- is also essential to determine the basic, physical facts about 

chinery; the land, including the severity, extent and rate of land 
(e) Soil conservation education; damage as well as the extent and precise location of the 

nation's supply of immediately available and potentially 
(f) Soil conservation labour; available productive lands. Such an inventory of land 
(g) Adjustments in the size of farm units and in systems resources is a vital part of the fundamental knowledge 

of farming to meet the requirements of an economically needed to indicate the intensity, speed, quality and cost 
sound farm enterprise based on the sustained, productive of the programme necessary to conserve the nation's soil 
use of soil and water resources; resources. It also supplies part of the information needed 

(h) Financial assistance, such as credit or cost-sharing in making farm conservation plans. Without such an in
incentive payments, to facilitate the application and ventory, important decisions as to the character and con
maintenance of a conservation programme; duct of the soil conservation job would have to be made, 

of course, on the basis of guess-work, which is notoriously 
(i) Development of lands determined to be suitable and inaccurate and expensive. 

needed for more intensive agricultural use, as by irrigation, 
Even if it is necessary to begin the inventory on a small 

drainage and clearing; 
scale, or in a few provinces or states, it is nevertheless im-

(f) Flood control operations, in so far as agricultural portant that the work be started. In this way a pattern 
land treatment is involved; for future progress can be established. 

(k) Working correlation of the soil conservation pro- The inventory should be started simultaneously with 
gramme with any directly associated programmes such as the beginning of research work by the national soil con
forest conservation, wildlife conservation, downstream servation organization through a survey division or 
flood control engineering, etc.; and branch. This division would be responsible for directing 

(l) Essential administrative services, such as personnel trained survey parties, for co-ordinating the activities of 
management, public relations, purchasing, budget manage- the several parties, and for maintaining high scientific 
ment, etc. standards. 

Through a national soil conservation organization it be- 5. Testing research results. As soon as a s~cieE.t~Y 
comes possible to establish and maintain high technical of information is developed at the experiment ·sfations to 
standards for soil conservation work; establish uniform hrdtc-a:te~·thetype of conservation treatment necessary to 
and efficient administrative procedures that produce protect the land under the various combinations of soil, 
savings in time, labour and expense; and make the pro- slope, climate, erosion and cropping systems, it is ire
gramme sufficiently responsive and flexible as to meet quently useful as a scientific and practical check to test the 
promptly the changing requirements of the nation. experiment station findings on a farm or watershed scale. 

It h ld b e h · ed th t the as r ble d f It has been demonstrated that experiment station findings s ou e mp as1z a me u a nee s o 
the nation are the best criterion for the size and character developed on the relatively small research plots frequently 

f th t . 1 -1 t" · t" require adjustment, when employed under actual farming o e na wna sm conserva wn organ1za wn. 
conditions, because of watershed factors introduced. 

3. Starting soil and water conservation research. It is im- This type of testing, to determine the usefulness of the 
perative that a programme as complex and important as experiment station findings under actual farming condi
soil and water conservation be based on sound scientific tions, can best be done by treatment of representative 
knowledge. One of the first jobs of the national soil con- small watersheds, farm by farm, and field by field. In 
servation organization is the marshalling of research facili- most countries, this work will require the co-operation of 
ties needed in developing, testing and evaluating the effec- the people who own and operate the land. At this point, 
tiveness of soil and water conservation practices as a basis an operations division or branch composed of field tech
for achieving permanent protection of land and water nicians of the national soil conservation organization 
resources. It is important that all major problem areas be might well be established to work directly with the 
served. farmers, ranchers and research workers in this stage of 

Under the direction of a research division or branch of the work. Projects should be established in all important 
the national soil conservation organization this experi- problem areas, to evaluate practices, arouse the co
mental work may be carried on at experiment stations operativeinterestoffarmers,andserveasatrainingschool. 
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6. Decentralizing administration. As operations are ex
panded to a nation-wide scale, opportunities for desirable 
administrative decentralization may become apparent. 
This is particularly true in nations having a large and 
diverse area of agricultural land. Political subdivisions, 
such as states and provinces, provide more or less obvious 
lpportunities for administrative decentralization. How
ever, since neither wind nor water respects man-made 
boundaries, broad soil conservation problem areas, as 
determined by the national land inventory, offer the most 
rewarding opportunities for decentralization into regional 
administrative areas. 

Decentralization of responsibilities and activities to 
such regional, state, provincial, or other similar levels 
between the national and the strictly local are most useful 
and desirable, in large countries. In such instances they 
permit the assignment of broad conservation responsi
bility closer to the actual scene of operations; the develop
ment of a technical staff especially proficient in dealing 
with the conservation problems of each area; a closer 
partnership with the people of the area and a greater 
degree of responsiveness to their wishes; a variety of 
administrative economies in such activities as personnel 
management, purchasing, map-making, public relations, 
and accounting procedures; closer supervision and more 
frequent inspection of the actual field operations; and the 
development of a valuable esprit de corps. 

The character and extent of the job within the region or 
area would, as in the case of the national organization, 
determine to a large degree the composition of the inter
mediary organization. To the extent that such decentral
ized organization is able to handle the required work, it 
becomes possible to reduce the work volume of the central 
office of the national organization. 

7. Local organization. Notwithstanding the importance 
of the organizational steps that have been outlined hereto
fore, there still remains the matter of working with the 
numerous individuals who actually and directly work the 
land. This is the point at which the entire soil conservation 
effort comes to bear on the problem at hand. It is, certain
ly, one of the most crucial points in soil conservation 
organization. 

In any country characterized by a diversity of physical 
conditions, locally adapted programmes and plans are 
required. Soils, slope, climate, crop adaptability, and 
social customs vary widely so that suitable adaptations to 
meet local conditions have been shown by experience to 
be necessary. Further, it has been demonstrated that 
wherever practical, local leadership and active manage
ment of the programme will yield the best results. In
dividual initiative, natural community leadership, local 
pride, and the universal appeal of group activities-the 
neighbourhood spirit-are all recognized as valuable tools 
of action programmes such as soil conservation. 

There are, of course, a variety of forms that local or
ganization can take. There are voluntary associations for 
"oil conservation and also local conservancy districts. The 
co-operative group idea could undoubtedly be utilized 
under varying needs and circumstances to deal with some 
particular problem associated with conservation, such as 
wind erosion control, terracing, drainage, education and 
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the re-establishment of grass or forests. Such organi
zations must, of course, be adapted to local culture pat
terns; the efido in Mexico, for example, might offer an 
ideal mechanism for implementing work on the land of 
some sections. Adjustments should be made to local and 
frequently difficult economic situations, as in Venezuela 
where the oil economy has a substantial effect on the rural. 

In the United States, the most numerous and promi
nent form of local organization has emerged in the soil 
conservation district. These districts are voluntarily or
ganized and managed by farmers under the provisions of 
similar laws in the forty-eight states and in the territories. 
The first such district was organized in 1937. Today there 
are more than 2,100 districts in operation, encompassing 
more than a 1,000 million acres and three-fourths of all 
the farms in the nation. Each district, with the technical 
assistance of the Soil Conservation Service (the organi
zation in the government of the United States that gives 
all of its time and energies to the physical problems of the 
land), and other interested agricultural agencies develops 
its own conservation plan and conservation programme. 
Soil Conservation Service assistance to farmers in plan
ning, applying and maintaining conservation work on the 
farms and ranches is made available through the district. 
These soil conservation districts are, in most instances, 
legal subdivisions of a state Government and are author
ized to receive assistance in soil and water conservation 
from any available source. Federal, state, local and 
private agencies thus can each make its contribution 
toward getting the conservation job done. 

8. "On-site" assistance. Most farmers are not prepared, 
by education, training or experience, to solve the many 
kinds of problems already mentioned as being inherent in 
the conservation job. The specialized knowledge, or 
"know how", must be provided by trained soil conser
vation technicians and this technical assistance must be 
made available on the site. First, the inventory of land and 
water resources on each farm, including the soil, slope, 
degree of erosion, and present use of each field, must be 
utilized in determining the capabilities of the land and its 
proper use in a permanently productive agriculture. Using 
the results of this inventory, or soil conservation survey, 
as the base, technical assistance on the ground is provided 
in planning, applying and maintaining the necessary 
practices and measures in proper combinations to meet 
the needs of the land. 

Lack of necessary machinery, equipment, tools or 
power may delay or prevent the application of many 
needed conservation measures, especially those of a heavy
duty nature. For this reason, some provision to make such 
facilities available is important, either as a direct loan to 
the farmer or through the local conservation organization. 
In some instances, such facilities have been made avail
able by governmental grant to local conservation organ
izations and in other instances private contractors have 
been employed to perform jobs requiring heavy earth
moving equipment. There is certainly a need, too, for 
providing various types of small-scale equipment, such as 
improved ox-drawn ploughs, in some countries. 

Similarly, it often becomes essential in furthering con
servation work to provide, on the site, certain conser
vation materials such as seed, planting stock, lime, ferti-
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lizer, etc., when they are beyond the means of the farmer 
or otherwise unavailable to him. Also, in some countries 
such materials are provided to farmers as a cost-sharing 
incentive to encourage the establishment of conservation 
practices. 

Normally, landowners and operators provide the labour 
necessary to accomplish soil conservation work on their 
land. However, during periods of unemployment, and in 
areas where speed with conservation application is urgent
ly needed to save productive land, conservation work 
corps can be utilized effectively, as was done in the 
United States in the instance of the Civilian Conservation 
Corps and "relief" groups during the 1930's. 

Such important on-the-site aids to the farmer for soil 
conservation should be made available systematically, on 
the basis of determined need, if they are to be used most 
effectively. A further factor in the provision of such aids 
is the rate at which conservation work must be applied in 
order to prevent irreparable damage to the productive 
capacity of the land, as for example, by washing down to 
cement-like hardpan, deep gullying, and soil blowing 
which leaves only coarse sand behind. In other words, the 
rate at which conservation is applied should be geared to 
exceed the rate at which land is being damaged. Thus, 
this eighth step in the chronology of conservation or
ganization is the expansion of the national conservation 
agency to provide the essential forms of on-the-site assis
tance, but especially the technical assistance, in the places 
and at the rates necessary to prevent irreparable loss of 
productive capacity. 

As was pointed out earlier in the paper, this chronology 
of organization has its greatest usefulness as a guide and as 
a subject for study and adaptation. The most promising 
area for variation in the methods of conservation or
ganization apparently exists in the local field, where the 
interests, customs and facilities of the local people call for 
reasonably familiar forms of organization and procedure. 
Conversely, there is little in world experience to date 
which gives promise of any successful organizational alter
native to full national participation through a responsible, 
one-job, national organization if any comprehensive or sub
stantial soil conservation undertaking is to be attempted. 
The very complexity of the conservation job and its 
importance to a nation's social and economic structure 
apparently makes this mandatory. 
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Soil Conservation in Switzerland 1 

N. VITAL 

ABSTRACT 

Switzerland is characterized by the mountainous configuration of the soil, a fully developed industry and a great 
density of population. Only a quarter of her territory of 40,000 sq. km. is suitable for intensive cultivation. It is therefore 
essential to conserve this small area of arable land and to exploit it rationally. 

A series of favourable factors have enabled agriculture to reach a high degree of development, in spite of the 
uneven and relatively poor soil. Most Swiss farmers work their own land and are very attached to it by tradition; their 
holdings are small and cannot be increased. That being so, it may be said that, broadly speaking, the maintenance of 
the fertility of the soil raises no special problems in our country. 

Nevertheless, industrial constructions, dwellings and means of communication are encroaching more and more upon 
the cultivated land, the area of which is diminishing by approximately 2,000 hectares per year. This state of affairs is 
being remedied by more intensive exploitation, and also by improving and settling the few remaining tracts of un
cultivated land. 

The problems of soil conservation and utilization are of 
vital importance to a small country like Switzerland, 
which can neither extend her frontiers nor establish 
colonies, especially in view of the fact that in the past 
hundred years industry has constantly developed at the 
expense of agriculture and encroached upon the available 
land. 

The soil conservation system peculiar to Switzerland 
cannot be understood without a knowledge of the con
figuration of the productive sectors. These range from the 
vine-growing regions of Tessin and Lake Leman, at an 
altitude of 300 metres, to the meagre alpine pastures 2,500 
metres above sea-level. Between the two are the north
eastern cultivated area, where the rainfall is comparatively 
small, and the very humid pasture zone of the Prealps. 

Unusable land, consisting of the high mountains, the 
lakes and the built-up areas, cover nearly a quarter of the 
40,000 sq. km. of the Confederation's territory. Thus, 
some 10,000 sq. km. have to be discounted at the outset in 
so far as agricultural production is concerned. 

An approximately equal area is wooded. The forestry 
laws of 1902 ensure the effective protection and mainte
nance of forests, and lay down in particular that the total 
afforested area should not be diminished. This principle is 
applied so strictly that even outside the protected area$, 
agriculture yields precedence to forestry, which requires a 
much more extensive system of exploitation. In the 
Prealps, as in all mountainous regions, trees are essential 
to soil conservation. Furthermore, forests have a regular
izing influence on the flow of rivers and, in order to prevent 
landslides and snow avalanches, the threatened areas have 
first of all to be re-afforested. Switzerland has been acting 
accordingly since 1880. 

Another quarter of our country consists of pasture land 
situated at the limit of the vegetation zone, where animals 
can graze for only ninety days a year at the most, during 
the fme weather season. These regions, which are not 
economically important, were very rapidly developed to 
their utmost capacity. The number of livestock summered 
in the alpine pastures-430,000 head of cattle and 280,000 
of smaller livestock-shows, however, that the alpine 

1 Original text: French. 

pastures play an important part in Switzerland's economy. 
The last quarter of our territory can be intensively ex

ploited, since it enjoys a good climate and is crossed by 
many communication routes. It includes various parts of 
the Plateau and of the Prealps and the floors of certain 
alpine valleys. 

There are 170,000 enterprises in Switzerland mainly 
devoted to agriculture, and 68,000 in which agriculture is 
merely a subsidiary occupation. The average size of the 
farms does not exceed 5.2 hectares. The cattle, which 
number 430,000 head, as well as the cultivation of the 
fields, arboriculture and vine-growing, which are, how
ever, localized, show the intensity with which Swiss soil is 
cultivated. Owing to the large number of cattle, the 
peasants have enough manure to keep the soil well fer
tilized. 

The smallness of the holdings and the impossibility of 
increasing their size oblige the farmers to conserve the soil 
and to make the best use of it. Making a virtue of ne
cessity, they have become vigilant guardians of their soil, 
which for them represents not only a source of income, but 
also a small kingdom. The Swiss peasant, who is extreme
ly attached to his traditions and his patrimony, is not a 
nomad. This explains, indeed, the high yield of our agri
culture. 
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The situation in certain mountainous regions is, how
ever, different. Here, as in all parts of the world, men 
leave the poorest land in order to settle on land which 
offers better subsistence. As the upland valleys become 
depopulated, the soil is worked on a more extensive basis, 
and farms are disappearing. 

This summary of the nature and structure of Swiss agri
culture will show why the problem of preserving the fer
tility of the soil is not one which arises either on the agri
cultural or the general plane in Switzerland. This does not 
mean, however, that the area of cultivable land is unalter
able. In fact it is diminishing at the rate of 2,000 hectares 
per year, owing to the construction of dwellings, commer
cial premises, factories, roads, aerodromes and artificial 
lakes. This loss is the more significant because it mainly 
affects the best-cultivated land of the Plateau. 

A people aware of the importance of a productive agri
culture from the point of view both of food and demo-
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graphy cannot afford to remain passive before such an 
evolution. We shall confine ourselves to mentioning below 
the rural construction work designed to extend the cultiv
able area, conserve it and improve its exploitation. The 
following table shows what has been done since 1885, the 
year in which the public authorities began to promote 
land improvement. It also brings out the exceptional 
effort made by the Swiss people to safeguard their food 
supplies during the Second World War. 

In accordance with democratic principles, this work is 
promoted by the landowners themselves, who also super
vise the work. The persons concerned decide by a majority 
whether or not an improvement operation should be 
undertaken. The State-the Confederation and the Can
tons-facilitate their task by placing rural engineers at 
their disposal and by granting considerable subsidies. The 
financial support of the public authorities is indispensable, 
since the expenditure is covered only to a small extent by 
the resulting increase in yield. An example is the re
distribution of land, which is the most extensive task of 
rural engineering that remains to be performed in Switzer
land. The area to be reallotted is 442,600 hectares. The 
regrouping of plots of land and the construction of paths 
cost approximately 1,800 francs per hectare. But the in
crease in crops and the improvement in working and living 
conditions arising out of this work may be estimated at 
800 francs. Individuals and industry in general have set 
up a public service group to contribute to the promotion 
of land improvement, called the "Association Suisse de 
Colonisation I nterieure et d' Agriculture I ndustrielle". 

In a country where agriculture goes back to ancient 
times and where dwellings are very dense, the smallest 
areas where new farmers can settle must be utilized. 
Furthermore, since this country has no colonies properly 
so-called and has a rapidly-growing population, internal 
colonization is a highly important economic and political 
problem. Such colonization cannot be compared purely 
and simply with the colonization of virgin soil. The latter 
is concerned with vast areas, whereas the former is the 
result of detailed work aimed at making the most of every 

piece of land that can shelter a family and ensure its liveli
hood; but the obstacles with which we are faced and the 
diversity of the economic life of our overpopulated country 
render this task particularly interesting. 

Work 
performed 

Nature of Improvement between 1885 
and 1939 

Drainage (hectares) 78,977 
Canals and water con-

duits (metres). 777,088 
Irrigation (hectares) . 13,081 
Irrigation channels, 

"bisses" (metres) 322,817 
Redistribution of 

allotments (hectares). 100,434 
Construction of roads 

and paths (metres) 4,264,428 
Rural colonization 

(hectares) 1,442 
Construction of mountain 

cattle sheds (units) . 3,051 
Mountain cheese-dairies 

(units) . 128 
Installations for utilizing 

natural fertilizers and 
spreading liquid rna-
nure (units). 120 

vVater adduction 
(metres) 2,139,660 

Electrical power lines 
(metres) 266,916 

Land clearance, stone 
clearance, restoration 
of soil (hectares) 16,563 

Warping (hectares) 8 
Cable railways (metres). 188,807 
Fences (metres) , , , 231,646 
Other improvements. 

Expenditure in millions 
of Swiss francs 417.98 

Subsidies, in percentages 
of construction costs: 
Confederation. 27. 
Cantons 24.4 

W ark Expenditures, 
performed in millions of 

between 1940 Swiss francs 
and 1946 

78,959 407.05 

323,722 34.78 
3,316 12.46 

12,372 6.70 

123,489 246.81 

329,794 109.37 

2,051 23.16 

43.44 

3.12 

186 1.98 

193,908 25.82 

330,991 2.70 

13,548 68.92 
199 1.75 

41,091 2.65 
5,127 1.03 

19.22 

592.98 1,010.96 

45.5 
23.8 

Methods of Organization in Soil Conservation Workl 

MARCOS OROZCO M. 

Situation. Guatemala is situated between the Atlantic 
and Pacific Oceans and is very irregular in form. It is the 
northernmost republic of Central America. 

Position. Guatemala extends from 13° 44' to 37° 49' 
North latitude and is crossed by the meridian situated at 
88° 13' longitude west of Greenwich. 

Boundaries. In the north and west the Republic of 
Guatemala borders on Mexico, in the east on the Gulf of 
Honduras(Atlantic Ocean) and the Republics of Honduras 
and El Salvador and in the south on the Pacific Ocean. 

Area. The Republic of Guatemala has an area of 
108,889 sq. km. 

1 Original text: Spanish. 
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The distance from north to south is 540 km. and that 
from east to west is 429 km. 

Population. The latest population census, taken on 
7 April 1940, showed a total population of 3,283,209 
persons. Estimated population on 31 December 1947 was 
3,678,000 persons. 

General Problems. The principal soil conservation 
problems faced by the country are: 

(a) Inadequate use of land, 
(b) Considerable erosion, 
(c) Poor pastures and insufficient area devoted to 

pasture, 
(d) Deficient yield of various crops, especially maize, 
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(e) Loss of crop residues by burning, 
(f) Failure to utilize manure and organic waste, 
(g) Inadequate exploitation of forests, 
(h) Protection and improved utilization of existing 

forests, 
(·i) Maize (single crop economy that is exhausting our 

land). 

SOIL 

Optimum conditions of fertility in Guatemala are re
duced bv various factors. Firstly, the density of popu
htion is "sixty-four persons per square kilometre2 ; second
tv, the topography of the country is extremely u:r:even, 
and this condition is aggravated by the concentratiOn of 
most of the population in the highlands, where level 
ground is very rare. A further complication. is t~at.~aize 
serves as the sole subsistence crop and IS pnmthvely 
planted and cared for. 

Unfortunately, no complete and scientific soil survey 
has as vet been made to assist in the technical develop
ment of soil conservation work; the relevant facts are 
therefore summarized below. 

GEOLOGY 

Geologically the country is divided into three zones. 
Northern zone (department of Peten and part of Alta 

\'era paz): It is believed that in the middle ofthe tertiary 
period there was an enormous seismic movement that 
resulted in the subsidence of this zone with a consequent 
disappearance of the primary rocks under ancient sedi
ment and especially that of the tertiary period, which at 
the present time is represented by limestone and argilla
ceous, marly, and sandy rocks and by marine sediment and 
fluvial and lacustrine deposits (sand, clay, lime, marl, 
gypsum and dolomite). The lime has almost disappeared 
from the surface. The clays are undergoing transformation 
into residual laterite. There are no traces of volcanism in 
this zone. 

Central zone: This zone consists for the most part of 
sedimentary mountain ranges (departments of Quiche, 
Baja Verapaz and Izabal), which have mostly micaceous 
slates, crystalline slates, gneisses, phyllites and meta
morphic rocks. The northern part of the departments of 
San Marcos and Quezaltenango and the greater part of the 
departments of Huehuetenango, Totonicapan, Solola, 
Chimaltenango, Sacatepequez, Guatemala, El Progreso, 
Jalapa, Zacapa and Chiquimula are characteriz~d by gra
nite, quartziferous diorites, melaphyres, and dtabase and 
serpentine porph:yTies. 

Southern zone: The southern part of the departments of 
S;m Marcos and Quezaltenango and the greater part of the 
departments of Retalhuleu, Suchitep~que, Escuintl~, 
Santa Rosa and J utiapa are charactenzed by volcamc 
n·cks of both recent and ancient origin. This zone is 
specially suited to agriculture on account of its soils that 
are more or less rich in organic matter and on account of 
its rivers and favourable topography. 

The lack of uniformity in the original material results in 
a variety of soil types, inasmuch as the various kinds of 
rock do not resist climatic factors in the same degree, es
pecially in the tropical and subtropical sections of the 
countrv where special conditions prevail as is clearly 
evident during the two seasons of winter and summer, 
which are quite distinct one from the other. Because these 
are the only seasons of any consequence, the conservation 
of the natural resources of the country presents serious 
problems; during the wet season there are heavy rains 
that cause extensive erosion, and the effects of the dry 
season are felt by plants, animals and human beings. 

TOPOGRAPHY 

In physical appearance Guatemala is generally moun
tainous, for it is crossed from west to east by several high 
mountain ranges. The mountain range that extends from 
North America to South America is called byvarious names 
in the various countries through which it passes. At its 
point of entry in Guatemala it is called the Sierra Madre. 
This mountain range reaches its highest point in the Cu
chumatanes :Mountains (3,500 metres above sea-level) and 
it runs more or less parallel to the Pacific Ocean for a 
distance of about 380 km. and its distance from the Pacific 
Ocean varies between 80 and 100 km. 

Secondary mountain ranges are represented by the 
Cuchumatanes Mountains, and by the Sierra de Chama, 
the Sierra de Santa Cruz, the Sierra de las ilfinas and the 
Sierra del Merend6n. 

The great Cuchumatanes group is 3,500 metres in height 
and is situated in the department of Huehuetenango. The 
Sierra de Chama rises to the east of the Cuchumatanes 
Mountains, north of the department of Alta Verapaz, and 
upon entering the department of Izabal it is called the 
Sierra de Santa Cruz. The Sierra de las Minas crosses the 
departments of Solo hi, Quiche and Baja Vera paz under the 
name of Sierra or Montana de Chuacus; it passes through 
the department of Zacapa under the name of Sierra de las 
Minas, enters the department of Izabal under the name of 
Sierra del Mico, and terminates at Amatique Bay under 
the name of the San Gil Mountains. Its total length is 
estimated at 300 km. The Sierra or Montana del Merend6n 
rises east of the departments of Chiquimula and Izabal 
and runs towards the Gulf of Honduras. 

The mountains just described represent the most un
even section of the topography of Guatemala; the slopes 
ofthese mountains range from 25 to 90 per cent and not 
infrequently exceed 100 per cent. This area of the country 
has lost excessive amounts of its plant cover as the result 
of unrestrained cutting and fires, and in some places the 
dearth of wood is so great that manure and the roots of 
grasses are used for fuel. In many of these places the soil 
has disappeared, and wherever it is still present, it is 
deficient in organic matter. This situation may be ob
served in the municipalities of Guatemala City, Chinautla, 
San Raymundo, San Pedro, Ayambuc, Chuarrancho, Pa
lencia and in other places where, despite all the control 
exercised in the vicinity of the capital, the few trees that 
remain are still being cut. 

• To obtain this figure the 108,889 sq. km. of the total area was North of the mountain range is situated the low-lying 
re luced by 50,277 sq. km. correspondmg to the northern ~r~a of department of Peten with gentle slopes, which in some 
tbe Republic, which is unfit for cultivation, and by an addthonal . h 
l, !23 sq. km. of the Cuchumatanes Paramo. places are almost level. In the ramy season t ey are ex-
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posed to floods and are made swampy by the large rivers 
that flow through the region. The land is covered with 
dense forests in broad plains. This department is not 
suited for agriculture; it has no roads or railways, and the 
climate is hot and unwholesome. 

South of the mountain range, the Pacific coast extends 
for a distance of 300 km. and occupies a strip of land 
ranging between 30 and 50 km. in width. This region has the 
most fertile soils in the Republic and is amenable to me
chanization. By reason of the fiat topography and the con
centration of the pasture lands there is very little erosion. 

The above description of the topography of the country 
is based to a certain extent on the division into nine agri
cultural regions made by E. C. Higbee in the Geographical 
Review, Vol. 37, 2, 1947. These regions are: 

(1) Peten and Caribbean lowlands (not including Belize, 
for which reason 22,286 sq. km. must be added): 50,277 
sq. km., representing 46 per cent of the total area. 

(2) Central highlands: 20,072 sq. km.-18.4 per cent. 

(3) Cuchumatanes Paramo and high (Andean) moun
tain peaks: 1,423 sq. km.-1.3 per cent. 

(4) Upper Pacific Piedmont: 4,217 sq. km.-2.3 per 
cent. 

(5) Alta Verapaz and Zona Reina hills and valleys: 
6,200 sq. km.-5.7 per cent. 

(6) Western Huehuetenango hills and valleys: 1,583 
sq. km.-1.4 per cent. 

(7) South-eastern valleys, plains and mountains: 14,904 
sq. km.-7.3 per cent. 

(8) Lower Pacific Piedmont: 3,715 sq. km.-3.4 per 
cent. 

(9) Pacific Coastal Plain: 6,731 sq. km.-6.2 per cent. 
The attached map• shows the location of the various 

agricultural and climatic regions of the country. 

Recommendations for Use of Land and Erosion Control 

Groups 

A. 
Slope less 

than 
15 per cent 

B. 
Slopes of 

15-30percent 

C. 
Slopes of 

30-45 per cent 

Degree of 
erosion 

Heavy 

Light 

Moderate 

Heavy 

Light 

Planting and other erosion 
control measures 

Planting with rotation and contouring. 
Planting with rotation every 3 to 4 

years ( l to 2 years of hay) and strip
cropping. 

Crops; terraces supplemented with 
fertilization. 

Rotation and contouring. 

Planting; terraces supplemented with 
rotation 3 to 4 years (1 to 2 
years of and contouring. 

Planting; terraces supplemented with 
rotation every 5 to 6 years (2 to 3 
years of hay) and strip-cropping. 

Planting; terraces supplemented with 
rotation every 5 to 6 years (3 to 4 
years of hay), fertilization and strip
cropping. 

Dense planting for seed, hay or 
pasture. On the less pronounced 
slopes, crops that require cultivation 
may be planted subject to rotation 
every 5 to 6 years and strip-cropping 
with 60 per cent or more of the strips 

PLANS OF THE DEPART:.1ENT OF SOIL CONSERVATI0:::-1 

The Department of Soil Conservation proposes to give 
training in the elements of soil conservation to as many 
farm employees and other interested persons as possible in 
order to make known the basic principles of soil and water 
conservation as widely and quickly as possible. This 
training will apply in particular to the State farms but 
will also be available to private and company farms that 
request it. It is intended to give assistance with respect to: 

(a) Farm management methods that make the most 
efficient use of each field in the shortest possible time in 
order to provide the best yields. 

(b) Maximum use of all idle draft animals available for 
for drawing farm machinery. 

(c) Development of pasture suitable for cold regions. 
(d) Control of fires up to the point of eliminating them. 
(e) Utilization of organic waste from all inhabited areas 

as fertilizer. 
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Groups 

C. (cont.) 

D. 
Slopes of 

45-55percent 

E. 
Slopes 

than 

Degree of 
erosion 

Moderate 

Heavy 

Light 

Moderate 

Heavy 

Light 

Moderate 

Heavy 

Planting and other erosion 
control measures 

planted densely or reafforested 
(timber, firewood, fruit trees). 

Leguminous plants or grasses for hay 
or pasture; moderate grazing. 

Leguminous plants, permanent grasses 
for hay only with fertilization, or 
reafforestation. 

Leguminous plants or grasses for hay 
or fodder; prohibited. Re-
afforestation firewood, fruit 
trees). 

Leguminous plants or perennial grasses 
for hay only. Reafforestation (tim
ber, firewood, fruit trees). 

Reafforestation or natural vegetation; 
no grazing. 

Leguminous plants or perennial grasses 
for hay only on the less pronounced 
slopes; reafforestation. 

Reafforestation or natural vegetation; 
no grazing. 

Reafforestation or natural vegetation: 
no grazing. 

(f) Adequate use of natural resources such as forests 
and wildlife. 

(g) Increased use of means recommended to control 
erosion and run-off water in order to derive the maximum 
benefit from rain and minimize its harmful consequences. 

PROGRAMME OF THE DEPARTMENT 
OF SOIL CONSERVATION 

The following programme has been prepared in order 
to attain the desired objectives. These objectives are: 

(1) To produce the greatest possible amount of agri
cultural products without impoverishing or destroying 
natural wealth. 

(2) To promote soil conservation and a more efficient 
use of water in order to maintain or improve the national 
standard of living. 

3 Owing to technical difficulties this map was not reproduced. 
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ORGA~IZATION 

Plan requiring employees: 
(a) To hold official meetings at the central offices every 

other Thursday. 
(b) To hold group meetings in each work centre at the 

beginning of each month in order to discuss regional 
problems. 

(c) To establish soil conservation committees and en
wurage the holding of meetings. 

(d) To decide when work in the fields under their super
vision should commence. 

(e) To reach an understanding with farmers and land
owners on erosion control and on the application of soil 
conservation measures, and to enter into special contracts. 

(f) To prepare statistical censuses. 
(g) To exhibit cinematograph films on educational and 

agricultural subjects. 

(h) To contribute to the success of soil conservation 
measures by obtaining spontaneous administrative and 
financial help from companies and wealthy persons. 

(i) To make use of assistance from other government 
agencies and private persons in order to obtain maximum 
efficiency in the shortest possible time. 

(f) To draw up a schedule for the use of farm machinery 
in order to complete the work of the department on time 
and be able to assist interested farmers within the frame
work of the schedule. 

(1<) To review plans frequently in order to ensure that 
they have been carried out. 

(l) To publicize soil conservation in all possible ways in 
the form of a national enquiry. 

(m) To train draft animals to draw farm machinery. 
(n) To encourage industrial use of agricultural products. 
(o) To protect water sources. 

Programme of Agricultural Education 

Date Subject Place Instructor 

First week Method of preparing Each munici- Regional 
of January soils by making use of pality parti- Inspector 

draft animals cipating in the 
programme 

Fourth week Utilization of organic Inhabited areas Regonial 
of January waste from the farm and supervised Inspector 

or inhabited area as farms 
fertilizer 

First week Invitation to the Farms subject Inspector 
of February public to assist in to these 

making plans, con- practices 
structing terraces and 
protecting drainage 

Third week Comparative study of Supervised Inspector 
of March the degree of damp- farms 

ness and the span-
tan eo us vegetation 
between fields worked 
sci en tificall y and 
those not so worked 

First week Discussion among Town Hall Inspector 
of April neighbouring farmers and 

on different kinds of farmers 
planting in order to 
benefit from experi-
ence and establish 
adequate rotation 

First week Practical demon- Farms under Inspector 
of April strations of the physic- supervision and 

a! and chemical con- assistant 
dition of soils and of 
the improvements and 
organic fertilizers 
required 

First week Recommended plant- Farms under Inspector 
of May ing methods and supervision 

relevant general 
instructions 

Fourth week Planting of leguminous Farms under Inspector 
of May plants as green manure supervision 

and setting out of 
plant hedges 

The Department of Soil Conservation, at its ordinary 
meeting on 18 June 1949, drew up Report No. 13, and 
under Item No. 2 the programme to be carried out in the 
fiscal year of 1949-1950 was as follows: 

M areas Orozco M. Head of the Department. Technical 
and practical consultant in all fields and office work. 
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Date Subject Place Instructor 

Fourth week Planting of pasture and Farms under Inspector 
of May demonstration thereof supervision 

First week Reafforestation of class Farms under Inspector 
of June 7 soils supervision 

First week Growing of bamboo Wherever Inspector 
of June and izote on steep, required and 

damp slopes, particu- assistant 
larly in ditches 

Fourth week Turning under green Planted farms Assistant 
of July manure 

Fourth week Comparison of rain Suitable fields Inspector 
of Sept. damage in protected 

and unprotected land 
Fourth week Preparation of soils and Farms under Inspector 
of Sept. planting of cover supervision 

plants 
First week Genealogical selection Farms under Inspector 

of Oct. of seeds supervision 
First week Comparative data on Farms under Inspector 

of Nov. yields obtained supervision 
Fourth week Practical applications Farms under Inspector 
of Nov. in the cultivation of supervision 

dry land 
Fourth week Collection of wild and Farms under Inspector 

of Nov. leguminous seeds, supervision 
suitable for cover and 
green manure 

First week The importance and Farms under Inspector 
of Dec. economical methods supervision 

of cutting and drying 
forage 

Fourth week Demonstration of Farms under Inspector 
of Dec. pasture deficiency in supervision 

owners' fields 
Fourth week Examination of plants Farms under Inspector 

of Dec. under drought in the supervision 
region 

Fourth week Organization of enter- Towns Inspector 
of Dec. tainments and 

awarding of prizes 
to farmers who have 
been outstanding 

F iladelfo M onterroso R. Secretary. 
Andres Rodriguez M. Statistics, physical and chemical 

analysis of lands. 
Antonio King M. Agricultural education and publicity in 

the educational establishments situated in the depart
ments of Guatemala, Sacatepequez and Chimaltenango. 
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Martin Fuentes C. Planning of work in all fields under the 
supervision of the Department. 

Jose Lino Davila. Drawing up of plans and cartography. 

Maximo Godinez M. Defence and protection against gul
lies, crevices, ravines etc. and reafforestation thereof. 

Miguel Angel Leche. Pasture and forage. 

Carlos· E. Porres G. Crop rotation. 
Luis Angel Aguilar. Agricultural machinery, inventory 

thereof, etc. 

The purpose of this specialization on the part of the 
various persons is to make the staff better informed for 
consultation, thereby enabling everyone to co-operate for 
the benefit of the Department of Soil Conservation. 

The Importance of Practical Demonstration in Teaching Soil 

Conservation Methods and Their Application in Argentina! 

C. V. QUEVEDO 

INTRODUCTION 

A country that engages in agriculture and li~es~ock 
breeding must have a correct knowledge of the pnne1ples 
governing the conservation of renewable natural resources 
and must consequently know how to make proper use of 
its basic economic resource-the soil. 

It is indispensable for the rural producer to know the 
best practices and the best methods of cultiv~ting, wor~
ing or using his land in order to extract from It the maxi
mum benefit without harm to its physical, chemical or 
biological properties. 

If this premise is granted, we must then enquire how the 
rural producer can obtain the necessary information. 

It has become patent that 95 per cent of the farmers 
need technical assistance in order to carry out a good soil 
conservation plan, for they are not capable of giving effect 
to a co-ordinated plan that involves a knowledge of agro
nomy, engineering, hydraulics and the like. Instruction 
of this kind can be given only by specialists who have 
given active and intensive study to this work. 

There is no doubt that practical demonstrations on the 
farm acquire great value from the fact that the farmer not 
only sees how certain kinds of work and practices are 
carried out and their effects, but can also carry them out 
himself and thus learn on the spot the solutions to many 
difficulties that he could not solve by his own efforts. 

As conservation practices and principles can be de
monstrated in various ways, we believe it important to 
discuss here several of the methods used in Argentina. 
Nevertheless, these practices, carried on as isolated in
stances or without the necessary complement of other 
methods such as education, constant technical assistance 
or the like will never give the best results. 

TYPE OF PRACTICAL DEMONSTRATION 

The activities in rural areas of the technical staff en
gaged in this kind of work and their continuous contact 
with the farmers have made possible certain conclusions 
concerning practical demonstration as a means of teaching 
soil conservation methods. 

1 Original text: Spanish. 
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Just as in other countries, the most diverse means of in
struction have been used, such as meetings with practical 
demonstrations, meetings in halls, instructive lectures and 
films, exhibitions, classes etc. 

All these methods have always been well received by the 
farmers, whose presence has been governed by a number 
of variable factors, such as time, distance from the place 
of demonstration, interest of the subject, the action, relia
bility and personality of the technical official etc. It can 
be said, however, that these sporadic meetings have never 
been a positive means of instruction owing to a lack of 
agrarian consciousness, which can only be formed slowly. 

Interest in such demonstrations has always been of 
short duration, for once the technician has gone away 
there remains only the memory of the meeting, and the 
recommendations made are put into practice in a very 
few cases only. 

Positive results are being obtained in Argentina from 
one particular type of demonstration, which is at the same 
time serving to disseminate information on conservation 
methods and foster a better spirit of understanding. 

This method consists of visits to farmers who are led to 
become interested in soil conservation problems and in
vited to carry out systematic work schemes in collabora
tion with the Institute of Soils and Agricultural Tech
nology, which provides technical assistance. The Institute 
begins experimental demonstrations forthwith and shows 
the farmer how to carry them out; it continues to provide 
technical advice and direct instruction on the farm 
throughout the entire test period. 

In order to arouse even greater interest on the part of 
the collaborating farmer, a contract is drawn up under 
which he is assigned a sum of money per hectare that is 
proportionate to the risk which he believes may be in
volved in the application of the practices recommended. 
It has been possible in this manner to obtain the co
operation of a nucleus of conservation enthusiasts in those 
areas where it has been thought advisable to introduce a 
scheme of complete practical demonstrations. 

It is to be noted that the collaboration between the 
person signing the contract and the Institute is mutual 
and that the contribution of each party is set forth in 
writing. 
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The results of this type of instruction, which is known as 
a demonstration experiment, have so far been very pro
mising, for the conservation principles and methods used 
in the experiments have been slowly taking hold. This has 
been evident in the adoption of cover-crop cultivation and 
dune stabilization and in the application of strip-cropping 
in the semi-arid section of the country and of contour 
cultivation in the hilly areas. Virtually all these practices 
were almost unknown in Argentina before the Institute 
undertook its programme. 

Direct action, that is, carrying out the work on the farm 
from the beginning to the end, has thus far proved to be 
the best procedure for implanting conservation methods, 
without neglecting, as a necessary complement of this ac
tion, meetings illustrating the methods employed, ex
hibitions, lectures, classes and the like, which help to 
explain more clearly the meaning of the idea of integral 
conservation. 

It is frequently observed in soil-conservation work that 
a procedure, excellent in itself, if applied as an isolated 
adion does not produce the desired results, but, indeed, 
sometimes has the opposite effect. It is also true that a 
g<>od method may prove harmful when applied incorrect
ly. It is therefore clear that specialized technical assist
ance is important and necessary, for without it no com
plete conservation scheme can be carried out. 

On the other hand, the problem is not solved by the 
application of a conservation scheme to only one farm in 
an area. Consequently, complete practical demonstrations 
do not prove their true value unless they are applied 
systematically to a series of farms with similar problems. 
It is thus necessary to multiply practical demonstrations 
by presenting them at some central point instead of car
rying them out in isolated fashion. 

It is important that all countries should have a large 
technical staff that can provide direct, practical and theo
retical instruction, for such assistance is indispensable until 
it has been possible to develop an agrarian consciousness 
for the conservation of natural resources. 

Although Argentina does not at present have sufficient 
funds or staff to reach all farms and draw up contracts for 
their systematic operation, the procedure now in use is 
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regarded as the beginning of a work that is expected to 
produce good results in proportion as the number of in
terested persons increases. 

It is unfortunate that up to the present time the true 
value of the soil as one of the most valuable natural re
sources is not yet generally realized in Argentina. The 
greater part of the population will, perhaps, have to see 
and suffer disaster personally before interest is aroused in 
a problem for which, despite its gravity, only few have so 
far expressed concern. 

It is necessary to instil a conservation consciousness by 
starting with the child in the elementary school and con
tinuing with the aid of all educational resources until this 
consciousness is finally intensified on the farm in minds 
that have already been prepared to receive technical 
assistance. 

CONCLUSION 

It is indisputable that a consciousness of the need to 
conserve natural resources, and especially the soil, is not 
merely necessary but indispensable for any country that 
does not wish to fall into economic and social decay as the 
result of the destruction of its resources. 

Owing to the peculiar temperament of the Argentine 
people, the benefits of conservation must be explained 
and demonstrated explicitly; for this reason the education 
of the child and the adolescent and the dweller in the 
country is a very important element in creating an agra
rian conservation awareness, a consciousness that will 
then have practical effects which can be very easily 
utilized. 

Complete practical demonstrations, namely, those that 
embrace the entire evolutive cycle of the crops or farm, 
and permanent technical assistance are of inestimable 
value, because they make it possible to keep alive the 
interest of the farmer co-operating in this work and that of 
his nearest neighbours, who in their turn may spread the 
good word to other more distant farms. 

It is hoped that the work begun, which will be gradually 
extended if possible, will produce great educational bene
fits and improve the areas in which it is being carried out. 
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Soil Utilization and Conservation: Method of Organization 

L. R. DE LA TORRE 

ABSTRACT 

In order to utilize the waste land in the Republic of Mexico, it is necessary to plan for its development along the 
following lines: 

(I) Education in modern technical methods of farming and mechanization. 

(2) Development of new production in demand on world markets. 

(3) Financial assistance and credit to farmers. 

( 4) Irrigation. 

(5) Fertilization. 

(6) Preservation of soil. 

(7) Sanitation. 
(8) Transportation. 

(9) Population and colonization. 
A committee of technicians appointed by the Mexican Government should carry out this plan in conjunction with 

a similar committee of the United Nations. Effective assistance would be given by barter and credit agreements and 
by loans of a world bank with a United Nations Committee on Resources acting as a clearing house. It is advisable 
that the United Nations also have a representative in the administration of this plan. 

As to the economic evaluation, it is obvious that by meeting the above conditions, this Conference renders great 
assistance to the other countries not only with the valuable information supplied to them, but by directing the most 
advantageous distribution of their products throughout the world. 

An approach to the problem of the best utilization and 
conservation of the natural resourches of one of the less
developed countries, requires of the economist an analysis 
of the prevailing physical and economic conditions of the 
country as well as of the means-both local and inter
national-of developing its natural resources through the 
most effective and practical methods. 

All technical questions can only be solved by the proper 
advice of technicians. However, their work will not be 
complete without the collaboration of the economists who 
will consider and evaluate the complex social aspects of 
the problem. In combining these efforts, the United 
Nations through its Conference on the Conservation and 
Utilization of Resources will accomplish a very important 
role as a clearing house, having an international responsi
bility as to the best distribution of the population and 
resources, and directing the best use of the world's re
sources for the benefit of humanity. 

My endeavour will be to submit to the consideration of 
this distinguished Conference the requisite conditions for 
the utilization and conservation of the enormously valu
able resources of my country, the Republic of Mexico, one 
of the less-developed countries in the world. Within the 
scope of this subject, I shall take up first, the prevailing 
physical and social conditions of Mexico; second, a plan 
for the development of its resources from an economic 
point of view, particularly its land resources, and third, 
the manner in which the United Nations can assist in 
carrying out this plan. 

PHYSICAL AND SOCIAL CONDITIONS OF MEXICO 

From a geophysical point of view, Mexico is a mountain
ous country, only about one-third of whose 2 million 
sq. km. is level ground, a fact which makes it rather diffi
cult to undertake large-scale agricultural development by 
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mechanization. The topography renders two-thirds of the 
soil susceptible to erosion and deforestation, which added 
to the lack of regular water supply, watersheds and floods, 
makes for waste and depletion of the natural resources. 

On the other hand, the population is rising. Mexico has 
at the present time over 23 million inhabitants, and the 
resources are falling rather than increasing. Because the 
poorer classes in Mexico have a hard struggle to procure 
the primary means of existence, they tend to retard the 
path to progress. In Mexico, as in most of the Spanish
speaking countries, the difference between the working 
class, the middle class and the wealthy class is very strong
ly marked. There is also an ethnological burden inasmuch 
as we have at least 8 million pure Indians who require a 
great deal of education and a higher standard of living. 

ECONOMIC DEVELOPMENT OF MEXICO'S RESOURCES 

Mexico is endowed with all sorts of climates and with a 
variety of different products from the soil and subsoil such 
as are found in the cold, temperate and tropical zones. 

Without pausing to describe the wealth of Mexico's sub
soil, with rich oil reserves and deposits of coal, gold, silver, 
magnesium, iron, quicksilver etc., requiring either modern 
machinery, technical direction or capital, as well as a great 
deal of research work for the discovery of new sources, I 
am limiting myself to a discussion of the enormous possi
bilities of development of Mexico's land resources. 

EDUCATION IN MODERN TECHNICAL METHODS OF FARMING 

AND MECHANIZATION 

Education plays the most important role in the effort to 
obtain the best products from the soil in the most econo
mical way and at the same time to conserve it. Ample 
printed documentation and an extensive campaign 
throughout the country by radio and by technical missions 
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and schools to teach modern methods of farming and 
mechanization would be the principal features of this 
programme. The farmer must be familiarized with all the 
latest scientific developments and discoveries, both as to 
!·quipment and technical systems. The educational cam
paign must prepare experts who will teach the workers 
throughout the country methods for the protection and 
the most efficient use of land resources. 

Co-ordinated application of improved techniques for 
rendering usable, resources which were before economi
('ally unusable, would aid in alleviating shortages. In ad
dition, the joint utilization of agricultural and mineral 
power resources as well as the fullest use of water, in
cluding river-basin development, the creation of power 
sites and the establishment of irrigation systems, would 
expand :VIexico's industry and permit our country per
manently to supply all sorts of food products, industrial 
products, minerals and fuel. 

Development of new production for world markets 

The United Nations Conference has the important task 
of co-operating with each country in the development of 
new products which are in demand in world markets. 
Thus the planting of rubber and many other agricultural 
products, which are adapted to the tropical climate of 
Mexico, should be encouraged. Attention should also be 
given to the promotion of stock-breeding and preservation 
of animal life. 

Financial assistance and credit to farmers 

In those cases in which the country requires financial 
assistance or credit to farmers in order to carry out the 
projects approved by the United Nations, arrangements 
should be made to supply the necessary finances and credit 
in the manner described below. 

Irrigation 

One of the most serious problems encountered by farm
ing in .Mexico is the lack of proper irrigation systems. 
Technicians should make a complete study of such 
problems and their solution. This section of the plan for 
Mexico's development envisages the creation of great 
irrigation systems to supply water to the cities and fields 
for industrial and agricultural purposes, water projects 
for navigation, flood control and other benefits, as well as 
for the supply of electric power, and management of river
basins for the conservation and best distribution of water 
resources, such as the great work of the Tennessee Valley 
Authority created in 1933 in the United States, from 
which over 3 million people benefit. 

Fertilization 

Thousands of acres are waste land, and other vast areas 
that were cultivated for years are becoming sterile because 
of the lack of scientific fertilization of the soil. One of the 
most important problems is erosion, which, as Jan Smuts, 
Prime Minister of South Africa, said, "is bigger than 
politics". Erosion control and restoration of soil fertility 
should be effected by means of conservation laws, by 
applying modern methods of renewing natural resources, 
and by education. This problem is as serious as the irri
gation problem. The Mexican Government is making all 
efforts to save as much land from waste as possible, but 
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with the co-operation of the United Nations the results 
would be by far greater. 

Preservation of soil 

Again great benefits would come from a vigorous cam
paign throughout the country among the farmers and the 
people in general to use all modern means of preserving the 
soil. Technologists may be able to adapt to human use 
unexploited areas in tropical and subtropical regions, and 
they may even find artificial substitutes for natural pro
ducts. Nevertheless, with the increase in population 
(175,000 new births per day according to statistics) it be
comes necessary that men co-operate in the wise use and 
conservation of natural resources under the guidance of 
technicians. To this end the United Nations should re
commend to each Government what measures should be 
taken for the common interest of all countries. 

Since Mexico has valuable reserves of the resources that 
were exhausted by the war and are needed for the re
construction of war-devastated areas, their conservation is 
important to the actual and potential economic develop
ment of other countries, and to supply the latter with 
needed products. 

Sanitation 

Sanitation facilities in the tropical zones where many 
endemic diseases such as malaria prevail, must be con
sidered as part of the programme of the United Nations 
for increasing the area of productive soil for human use. 

Transportation 

In this common effort the building of highways and 
railroads to improve transportation throughout the 
country merits attention, as well as the establishment of a 
commercial fleet for the transportation of products be
tween Mexico and other world markets. Mexico offers ad
vantageous conditions for development because of the low 
cost of labour and the most favourable natural conditions, 
as in its soil, with climates from cold to tropical, and its 
geographic situation which facilitates the transportation 
of its products to other countries either through the 
Atlantic or Pacific Oceans, all types of products can be 
raised. In addition to that, Mexico is creating several free 
ports at convenient locations in the country which will help 
a great deal in this work on the problem of distribution 
of resources. 

Population and colonization 

This plan is not complete without a combined effort of 
immigration and colonization by selected technicians and 
labourers in the proper zones to help carry out the plan. 
Mexico's present population density is very low: 23 million 
inhabitants are living in a land of 768,000 square miles. 

CONCLUSION 

To conclude, the efforts of this Convention should be to 
recommend to the proper Committee of the United N a
tions a threefold plan, as follows: I. Selection; II. Organ
ization; and III. Administration. 

I. Selection 

Under the first chapter of selection, each nation must 
have a technical committee to study and select the best 
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resources of the country for its most advantageous use 
and required conservation. This committee must work in 
conjunction as to the resources of its own country with a 
committee of technicians of the United Nations, and jointly 
they will decide what is the most advantageous use of said 
resources for the other countries, consumers of the pro
ducts in question. 

Thus, the United Xations shall recommend and assist 
the Governments of each country in their local problems by 
establishing development and conservation districts under 
the joint advice of the countries' technicians and the 
technicians of the United Nations, so as to co-ordinate 
land resources into a unified programme of social, political 
and physical development. 

II. Organization 

The United Nations must create a body of representa
tives of all the countries which will work systematically 
and in unity to combine the efforts of each individual 
country and a United Nations Committee on resources 
which will act as a clearing hoztse of all resources of inter
national interest. 

III. Administration 

In order to carry out the above plan, the United Nations 
can help the Republic of Mexico as follows: 

(a) By arranging barter agreements with the other 
countries so that Mexican products will be exchanged with 

those countries from which Mexico will acquire their 
products. 

(b) By effecting the sale of Mexican products needed in 
other countries by contract, in which contract credit will 
be granted by advancing necessary capital to Mexico. 

(c) By lending necessary capital for which it would be 
advisable that the t:nited Nations should organize, with 
the support of all countries, a new International Bank such 
as the World Bank known as the International Bank for 
Reconstruction and Development, and the International 
::\fonetary Fund, in the event that these organizations do 
not have funds available for this purpose. 

(d) By supplying Mexico with technical documentation 
and personnel, which will assist in the development of its 
resources in accordance with the plan of the United 
Nations, and by supporting the creation of local organi
zations similar to the Soil Conservation Service, the United 
States Forest Service, the Emergency Conservation Work, 
and other similar organizations. 

Each country will profit more within the United Nations 
than out of the United Nations because of the technical 
and economic assistance given it to develop its resources 
and to use them as is best in the world markets. 

Thus the development of Mexico's resources not only 
VI-ill benefit our own country, but will enable Mexico to 
internationally continue to share in the production of 
resources for the benefit of all mankind. 

Wild Plants of the Semi-Arid Region of Brazil and Their 

Industrial Utilization 

JAYME SANTA ROSA 

ABSTRACT 

This paper deals with wild plants of the drought area of north-eastern Brazil which have already been utilized 
industrially, such as carnauba (Copernicia cerifera), oiticica (Licania rigida), and caroa (Neoglaziovia variegata), 
or could be of economic value, such as mani~oba (Manihot sp.), faveleira (Cnidoscolus sp.), pinhuo bravo 
(Jatropha sp.), flor de seda (Calotropis sp.) and other plants growing in the thin and hard soils of caatinga. 

Some technical information is given on the commercial products derived from these native wild plants which are 
adapted to the semi-arid region, as well as on the common uses of these products. The author recommends measures 
for the conservation of these natural resources and suggests that now, when the population is increasing, it is advisable 
to exploit plants which do not occupy the rich alluvial soils near the streams, which could be left for the cultivation of 
cotton, cereals, legumes and fruit trees. 

It is the author's opinion that by exploiting and planting appropriate trees in the caatinga area two useful ob
jectives will be achieved simultaneously: (I) New crops will be introduced to raise the standard of living of the poorest 
men of the region; and (2) partial reafforestation, here and there, will improve the environment and supply, in the 
future, wood for construction, fences and fuel. 

THE DROUGHT REGION AND ITS FLORA 

The drought area covers the eastern and south-eastern 
part of Piauhi, nearly all of Ceara and Rio Grande do 
Norte, large stretches in the interior of Parahiba, Pernam
buco and Bahia, a strip of land in northern Minas Geraes 
and some tracts of western Alag6as and Sergipe. This area 
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amounts to around 834,300 sq. km. and represents about 
10 per cent of the surface and 17 per cent of the population 
of Brazil. 

In this semi-arid region are found elevations having a 
somewhat humid climate with green vegetation the year 
round. Generally, however, the region is characterized by 
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extensive caatingas1 which lose their leaves as protection 
against loss of moisture. The soil in these places is very 
dry, has very little humus, lacks a cover to protect the 
subsurface bacteria, is exposed to hard sunlight, and 
r''ceives rain irregularly. The average temperature is 25 
degrees C and there are no perennial streams. In the 
opinion of several botanists who have studied the drought 
area, in these places there were formerly large forests, but 
today can be seen only vestigial remains of those ancient 
forests. The caatingas in various tracts are now changing 
into carrascais or eroded areas with even poorer vegetation, 
that are very close to a desert. 

The vegetation of the caatinga is the result of successive 
adaptation to hard climatic conditions. The permanent 
vegetation is composed of a certain number of species 
more resistant to the drought which now constitute the 
characteristic vegetation as well as of specimens of the 
ancient forests. There is also another type of periodic 
vegetation, which develops between and below the 
drought-resistant flora when moisture conditions are 
favourable. 

In the drought area the exhaustion of the forests is 
more rapid than in other regions. The need of lumber for 
buildings, fences and fuel is large, as more than 7 million 
people living in the area, or an average of 8.3 per sq. 
km. (data for 1940). The need of reafforestation is 
evident, at least in part of the north-eastern area. 

This problem assumes enormous proportions and it is 
the opinion of the author that the best way of achieving 
reafforestation is to interest the landowners directly in the 
problem. 

Then it seems advisable to select wild plants of the 
caatinga area and begin their cultivation on a commercial 
scale. In this way new resources will be added to the 
country and reafforestation of the area will be advanced. 

Some plants with good economic possibilities are des
cribed below. 

THE CARN A UBEIRA 

The carnaubeira is a palm tree growing wild in the 
north-eastern area, generally forming dense, homogeneous 
groves along some rivers. Most of the carnauba stands are 
found in Piauhi, Ceara and Rio Grande do Norte. In Piau
hi they are spread along the coast as well as in the Perna
hiba valley and in the centre of the state. 

In the State of Ceara the tree is found in the humid low
lands near the coast, and on the alluvial plains along the 
rivers in the hinterland. The Jaguaribe, Acarahu and 
Camocim valleys are outstanding for their important, 
dense and beautiful stands of carnauba. 

In Rio Grande do Norte the carnauba palm constitutes 
dense stands in the fertile valleys of the Rivers A<;u, Upa
nema and Mossor6. The stand in the A<;u valley is by far 
the largest in the State, measuring around 70 km. in length 
by 7 km. in width. The carnauba palm is also found in the 
stony dry areas of the interior as well as in some places 
near the coast. 

1 The term caatinga is the generic name given to all the xero
philous vegetation of the semi-arid region. 
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In Parahiba the carnauba palm is 'not very abundant, 
nevertheless it is found in some lowlands in the western 
part of the state as well as in the valleys of the Rio do 
Peixe and Piranhas. Souza municipality is the principal 
producer in this state. In Pernambuco the carnauba 
palm is found along the valley of the Sao Francisco river 
and some of its tributaries. Near Boa Vista there are car
nauba palms growing densely and extending along 30 km. 

The principal product from the carnauba palm is the 
wax, already known from the beginning of the last century 
and largely used in Brazil as well as in foreign countries. 
The carnauba wax is a source of great wealth to the three 
states mentioned, and is one of the more characteristic 
export goods of Brazil. In 1941 the export of carnauba 
wax reached 11,766 metric tons; in 1946, it was 10,019, 
and then dropped to 5,423 metric tons in 1948. The 
Brazilian production can be estimated between 8,000 and 
12,000 metric tons yearly. 

The leaves are used as raw material for different pur
poses, such as hats, brooms and carpets. As there is an 
enormous quantity of waste leaves from the recovery of 
wax, the author, in collaboration with the chemist ]. C. 
Perrone, tried to find a method of using the leaves in the 
paper industry, an idea which is not new. The first results 
were not encouraging; the pulp obtained gives a dark 
paper, not flexible and of very weak tensile strength, be
cause the fibres are very short and do not possess good 
felting quality. 

When treated under vapour pressure with nitric acid in 
adequate concentration the leaves show a low cellulose
pulp yield (22 to 28 per cent). The best application of 
waste leaves appears to be in the manufacture of paste
board. 

It is necessary to take certain measures to maintain a 
native carnauba palm or carnauba stand in adequate 
production. These measures comprise avoiding the pre
sence of cattle or pigs who eat the new palms and the 
fruits dropped in the soil, thus endangering the renewal of 
the stand; also forbidding the cutting of the palms for 
utilization as timber for construction purposes. An or
dinance dealing with the collection of the leaves is also 
advisable for the conservation of the carnauba forests in 
Brazil. 

Conservation measures for the carnauba stands of 
north-eastern Brazil have been taken in the last few 
years; they are facilitated by the wildness of this plant. 
The droughts and floods do not affect the carnauba forests 
nor, fortunately, do disease and pests as yet. The car
nauba needs good and deep alluvial soils however, and 
these are not widespread in the north-eastern area. 

The cost of production of the wax must be lowered. It 
is necessary to adopt a more efficient system of production 
in the cutting operations as well as in the drying of the 
leaves and in the extraction and purifying of the wax. 

Today the losses are very high, up to 50 per cent. By 
making the operations more and more mechanical and by 
working according to more scientific standards it is pos
sible to reduce these losses, thus lowering the price and im
proving the quality of the product. 

The best protection to the carnauba wax industry is a 
low price for the product which would still permit ade-
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quate returns. Then the consumption would increase and 
the demand for substitutes would lessen. 

THE OITICICA TREE 

The oiticica tree (Licania rigida) is a large, bushy, 
leathery-leaved tree which grows wild in the sem~-ari~ 
plains of north-eastern Brazil, in the states of Pmuh1, 
Ceara, Rio Grande do Norte, Parahiba and Pernambuco. 
Its habitat is the rich alluvial soils in the river valleys of 
the north-east. 

It grows in elevations of 50 to 300 metres but it prefers 
a 200-metre altitude, at which most of the trees are found. 
It needs, as does the carnauba palm, plenty of warmth and 
light. According to .reliable estimates, _there are half. a 
million oiticica trees m the State of Ceara alone where, m 
the years of good crop, 30,000 to 40,000 metric tons of 
fruits are collected. 

The oil of the fruit is very well known for its drying 
properties; it is much sought after, and cor:s~i~utes a.n 
export product. The presence of oil in the mtle1ca ~r.mt 
was shown for the first time in 1866 by the Brazihan 
botanist Freire Alemao. Around 1876 or 1878 a progres
sive me;chant, the Baron of Ibiapaba, had the idea of 
extracting oil from oiticica fruits for industrial purposes. 
He installed a mill in Fortaleza which worked only two 
years and then closed because of technical difficulties in 
the extraction and purification. 

During the First World War oiticica oil was produce.d 
on a small scale in Natal (Rio Grande do Norte), but th1s 
industry began on a large scale ~nly ~fter .1927 when 
difficulties in the production of this drymg ml had been 
overcome. A plant installed in Fortaleza (Ceara) in 1928 
began commercial production the following year. 

Some trees give more than 500 kg. one year and only 50 
the next. To have a steady, merchantable and early crop, 
the oiticica tree has to be cultivated. 

The Inspetoria Federal de Obras Contra as Secas has 
made experiments in the cultivation of the ~la~t and has 
obtained grafted trees with good chmactenstlcs of pre
cocity and higher yield in oil than the native ones. Due to 
the great interest in the oil, a tendency has been ~oted t.o 
protect the native oiticica trees as well as to begm culti
vation on a small scale. 

In the region the oil is presently extracted by about 
twenty factories. Most of the ou~I?ut is .for export, ~he 
remaining being used by the Braz1han pamt an~ varnish 
industries. The output varies greatly: for mstance, 
18 191 metric tons were obtained in 1941, 495 metric tons 
in '1942 and 11,269 metric tons in 1945. While in 1946 the 
export reached 14,515 metric tons, ~t fell considerably 
later, and in 1948 was only 102 metnc tons, as a conse
quence of high prices. 

The oiticica tree represents today a valuable resource to 
the drought area, whereas some decades ago it w~s entirely 
unused. This is a good omen that new techmques can 
contribute to the economic improvement of less-developed 
peoples. It is also an incentive to.the application of similar 
stimulating policies to other natlve resources of the area. 

THE CAROA PLANT 

Caroa (Neoglaziovia variegata Mez.) is a bromelia gr~w
ing wild in the caatinga area; it spreads over extens1ve 

areas in Bahia, Pernambuco and Parahiba, as well as 
other areas in north-eastern Brazil. 

It is a plant utilized in making ropes since early times 
when the land was conquered from the Indians, but only 
in this century has this fibre received application in the 
textile industry. 

Regular trade in this fibre began around 1932. The 
plant can be cultivated from seedlings or by planting 
rhizomes, but neither is yet done on a commerc1al scale. 
For the conservation of the native caroa concentrations, 
control is recommended against fires and a better system 
of cropping the leaves without spoiling the plants. 

On decortication of the fibre a large amount of waste is 
obtained, consisting of hemicellulose, pectic substances 
etc., besides some cellulose, for which an economic use has 
not yet been found. The caroa fibre has also been studied 
as a paper-making material in the U.S. Bureau of Stan
dards. The laboratory and semi-commercial tests have 
shown the caroa plant to be very satisfactory for paper 
manufacture on the basis of both the quality of the pulp 
produced and the yield obtained. The tests ha~e indicated 
that the fibre is especially suitable for use With, or as a 
substitute for, rag and rope stock, of which there is a 
scarcity in the paper industry. 

Caroa fibre, however, can be more profitably used as 
raw material in fabrics manufacture. The main centres of 
fibre-extraction are situated in Pernambuco and Bahia. 
The fibre is employed in all kinds of cordage, including 
rope, cords and twines. Mixed with cotton it is used ~n the 
making of fabrics, which are manufactured both m the 
north-eastern and southern factories for men's suits. The 
fibre output, which in 1942 surpassed 16,000 metric tons, 
has been falling lately. This product is also an item of 
export. 
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As caroa fibre does not furnish threads of small diameter, 
it is used in fabrics as a supplier of weft yarn. A problem 
still to be solved by our agronomists is to develop a new 
type of plant which will have on the leaves c~llules suJ?
ciently elongated to permit the use of rettmg to dis
integrate the intercellular cement, for the free cellules are 
the actual fibre. 

Caroa plant grows on dry and poor soils. Its culture, 
which has already been tried, must be increased, especially 
to fill in the existing blanks in the native caroa stands that 
are being exploited at present. 

THE MANI~OBA TREE 

Manic;:oba is a plant of the family Euphorbiaceae, genus 
Manihot, scattered throughout the drought area of Brazil. 
It constitutes one of the very characteristic trees in certain 
forests in the states of Bahia and Piauhi. It grows in ele
vations about 400 metres and tolerates long periods of 
drought without damage because the tree possesses water
bearing tubers. 

These trees have been exploited in several instances for 
rubber production destined for export. In the first twenty 
years of this century a great deal of this rubber was pro
duced in Brazil. 

The interest in manic;:oba rubber was then so great that 
in 1904 some plantations were made in Bahia. Dr. Zehnt
ner, a Swiss botanist charged by the Inspetoria Federal de 
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Obras Contra as Secas to study this problem, visited 
several plantations, among others, that of Lapa which has 
50,000 to 60,000 trees. The principal area of cultivation 
was around Vila Nova, today called by the name of Sen
hor do Bonfim, whose plantations in 1911 occupied 10,000 
to 17,000 hectares. 

The rubber, which is of regular quality, is already 
known to technicians and was largely extracted during the 
Second World War, is only one of the mani<;oba'sproducts. 
Another is its oil, whose properties and uses have been 
studied by some researchers, including the author. The 
n~sults of such studies are contained in the specialized 
literature and they show that this drying oil can be used 
for the manufacture of paints. 

Like those from the edible manioc (Manihot utilissima), 
the mani<;oba tubers contain large quantities of starch, 
utilized by the local poor people during periods of drought 
and starvation. 

The culture of the mani<;oba is easy because the tree 
grows in somewhat poor soil and needs very little care. It 
i~ a small tree of graceful appearance and can be used for 
d,~corative purposes. The wood is not good for construc
tion and it has no special interest as fuel-a lack of 
commercial properties that has contributed to the conser
vation of the species. 

This tree constitutes a potential source of wealth, 
especially for poorer populations in the regions of its 
occurrence. In order to take proper advantage of this 
resource, it will be necessary to establish an organization to 
supervise extraction, commerce, transport and industrial 
utilization of its products. 

THE FA VELEIRA 

In some places in the north-east a plant that is very 
widely disseminated is the faveleira of the Euphorbiaceae 
family, genus Cnidoscolus. 

It has a preference for the dry soils of the caatinga area 
and is not found in the more humid hills and tablelands. 
It is an arbuscular or tree-shaped shrub, characterized by 
sharp, transparent and caustic thorns in the leaves. 

The author investigated the oil which can be extracted 
from the seeds of this plant, concluding that it can be 
profitably utilized as oil for salads and edible purposes. 
The cake, after extraction of the oil, is very rich in calcium. 
The wood is not good as timber, but can be used as fuel. 

The bark is much sought after by cattle and goats es
pecially, during the dry season when pastures are poor. 

The faveleira is one of the most drought-resistant plants 
of the caatinga and grows very easily even in the poorest 
soils. If commercial interest can be developed, in these 
seeds, it would be possible to cultivate the tree. Cultiva
tion would have the additional advantage of reafforesting 
some tracts of most of the farms in the dry area. 

THE PINHAO BRAVO SHRUB 

The pinhao bravo (] atropha curcas and other species) of 
the Euphorbiaceae family is a small shrub commonly 
found among the more resistant floral concentrations in 
the north-eastern area. It is frequently mentioned by 
nearly all botanists who have travelled from Piauhi to 
Bahia. 
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In certain parts of central Parahiba and western Bahia 
the J atrophas constitute nearly 50 per cent of the plants in 
the caatinga. In the most arid areas they are mixed with 
faveleiras. 

Jatropha cure as seed oil is already reported in the tech
nical literature. The chemist Moacyr Silva together with 
the author has studied some samples of pinhao oil from 
Parahiba and Rio Grande do Norte which is chiefly used 
for the manufacture of soap. 

Besides its economic value, it appears that the pinhao 
bravo shrub improves the soil conditions in extremely 
eroded tracts. Until the present no investigation has been 
done on the culture of this plant. 

THE FLOR DE SEDA SHRUB OR MILKWEED 

The (lor de seda, also called flor de cera (wax-flower) and 
sumauma, is a plant of the genus Calotropis, family of 
Asclepiadaceae, which grows spontaneously in the semi
arid region of the north-east, where it found environ
mental conditions similar to those of its primitive habitat. 
It is destroyed by the farmers as it is considered a pest on 
cultivated land. 

It seems to have been introduced in Brazil as a decora
tive plant imported from Asia or Africa. Its fast dissemi
nation has been due to the nature of its seeds which are 
very light and contain a silky fibre that is easily transport
ed for long distances by wind. 

The author had an opportunity to study this milkweed 
whose seed-oil presents a slightly greenish colour and an 
odour which reminds one of crushed fresh leaves. The 
seeds contain about 30 per cent of oil having the following 
characteristics: specific gravity at 15 degrees C, 0.922; 
saponification value, 191; iodine number, 95; acid value, 
1.8; unsaponifiable matter, 1. 7; index of refraction at 
15 degrees C, 1.4 758. 

The (lor de seda furnishes two different types of fibre: 
the seed floss which is used as a kapok substitute, and a 
bast fibre. The latter, it seems, does not offer any com
mercial possibility. It also supplies a rubber-like material 
and has some other uses. 

Similar species have been studied in different countries, 
including the United States, but the species of north
eastern Brazil, as far as the author knows has not yet been 
investigated. In his opinion, it is one of the most impres
sive plants of the semi-arid region because of its possi
bilities for utilization, its extreme rusticity, and its 
remaining green the year round. 

OTHER PLANTS 

There are in the drought-area some other native plants 
which either supply or may supply a variety of products 
used in industries. 

The angico tree (Piptadenia sp.) yields a gum which was 
studied at the I nstituto N acional de T ecnologia by the 
chemist ]. L. Rangel and was considered because of its 
properties to be the Brazilian gum arabic. It has been 
therefore utilized during the past ten years in Brazil. The 
barauna tree (Schinopsis brasiliensis Eng.) also supplies a 
gum which resembles gum arabic and which was studied 
by the chemist, Miss F. R. Tiomno. 
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The pereiro tree (Aspidosperma pirifolium Mart.), which 
is suitable for furniture, is a host tree to the insect pro
ducer of the so-called "wax of pereiro", a probable sub
stitute for shellac. The catingueira tree (Caesalpinia sp.), 
which is still very widely disseminated and whose leaves 
the cattle used to eat, also yields a gum that is now being 
studied. The imbu tree (Spondias tuberosa Arruda), a 
bushy tree, disseminated throughout the area although not 
in dense stands, supplies an edible fruit from which 
marmalade can be made. 

Plants of economic value, already adapted to the en
vironment as these are, increase the regional sources of 
production once they are exploited according to the re
commended scientific methods. With the exception of 
angico gum, the products are not yet negotiable items but 
shortly may become so. 

Considering the problems and needs of the drought
area the author thinks it would be of great interest to 
apply the latest scientific knowledge to convert into 
wealth for the general benefit the resources of flora de
scribed above, which now are only potential contributors. 

CONCLUSION 

The carnauba and oiticica need deep and humid soils, a 
requirement very hard to find in the north-eastern area. 
The other plants mentioned in this paper grow wild in 
thin and dry soils of lesser value. The exploitation and 
cultivation of these last should be stimulated in order to 
create new sources of wealth. 

The vegetable resources of north-eastern Brazil are de
creasing rapidly owing to the periodic droughts, the fre
quent accidental or purposely caused fires, and the heavy 
consumption of wood for building, fences and fuel. 

There is a real need to apply protecting measures and to 
develop cultivation of the most useful species, mostly 
those showing attractive economic possibilities. By 
planting trees in the caatinr;a area two useful objectives 
will be accomplished simultaneously: reafforestation to 
improve the environment, and the introduction of new 
crops to lift the standard of living of the region. 
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ABSTRACT 

Human welfare and world peace call for increased food production and conservation of the soil resources of the 
world. To this end, individuals and Governments have responsibilities and obligations. One of the needs that exist 
in connexion with conservation investments is a determination of economic feasibility of soil utilization under different 
uses and with alternative types of management. Soil conservation is as complex as life itself, and within this complexity 
are many economic factors. At times these are in the nature of cost and income relationships, but present also are 
economic institutional arrangements that condition the degree of conservation from both individual and social points 
of view. 

From an individual standpoint, soil conservation is substantially no different in its economic content from many 
other problems that require the apportioning of the factors of production on individual operating units. Social or 
public values, however, are not necessarily just the summation of individual maximizations of returns. Public concern 
over depletion or deterioration of soil resources stems from the public interest in assuring an adequate supply of food 
and fibre needs, not only for the present but for tomorrow and in perpetuity. Sound methods and technique of analysis 
in economic evaluations of conservation practice can contribute toward development of appropriate public conservation 
policies and programmes. 

The maintenance of the productive capacity of soil re
sources is paramount for an adequate supply of food and 
fibre for the peoples of the world and for a continued rise 
in levels of living. Soil resources should be used in a way 
that will maximize the economic production of food, fibre, 
and other products of the land for both present and future 
generations. Human welfare and world peace call for a 
high level of production from the land and for the building 
up of soil resources. 

In attaining soil conservation, individual land users and 
governments have responsibilities and obligations. The 
(•bjective is to sustain or improve the productive capacity 
of the soils by preventing or reducing the rate of soil 
depletion and erosion. One of the significant phases of 
this problem deals with relationships between individuals 
and the public in distribution of benefits that accrue and 
in apportioning of costs; and with conservation invest
ments made solely by governments. Maximization of 
t·conomic values, now and in the future, whether mone-
1 ary or non-monetary, tangible or intangible, is the core 
<•f the problem of the economics of soil conservation. 

This paper deals with some of the economic consider
ations involved in forming value judgments in the process 

1 The suggestions of associates in the Department of Agriculture 
:tre appreciated and especially the assistance of M. M. Regan and 
>:~eorge H. Walter of the Division of Land Economics. 
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of formulating soil conservation policy. It is true that 
economic benefits arising from soil conservation and losses 
accruing from exploitation are difficult to measure from 
both social and private viewpoints. Nevertheless, such an 
evaluation is essential. It is in every sense a challenge and 
a responsibility of economists working in co-operation 
with engineers and physical scientists. 

THE NATURE OF THE PROBLEM 

In dealing with problems in the economics of soil con
servation, economists must recognize the limitations, im
posed by physical, social and institutional forces, which 
materially affect the maintenance of soil resources and the 
level of productivity. For instance, it has often been 
pointed out that erosion is one of the great natural proces
ses in soil formation. Erosion is not always destructive 
nor can it be completely prevented; and individual soils 
respond differently to management, use and treatment. 

In the over-all economic picture, such factors as low 
farm incomes, small and inadequate operating units, and 
fluctuating and unstable business conditions force farmers 
to follow bad soil-management practices. World catastro
phes and conflicts also invite exploitation. Moreover, un
satisfactory tenure patterns, inequitable landlord-tenant 
relationships and excessive taxation of land have a direct 
bearing upon the degree and type of soil conservation 
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which is economically feasible. Serious erosion and de
pletion of the productivity of the soil are often only symp
toms of underlying maladjustments in the economic 
system. When such situations become evident, it may 
mean the presence of an excessive population on the land, 
accompanied by poverty, poor health, ignorance and a 
lack of understanding of the full value and need for soil 
conservation. Such environmental factors place the people 
in a physical and mental state that is not conducive to 
soil conservation. This necessitates public expenditures 
not only for soil conservation but first for rehabilitating 
groups whose cultural development has depreciated and 
has become as impoverished as their soil resources. 

The problem of the economics of soil conservation has 
many facets. It is much broader than the returns from 
saving soil from the viewpoint of an enterprise; it is a part 
of the life of a people-their social philosophy, cultural 
attitudes and practices in regard to use and control of land 
resources. In the end the desire to conserve must "be
come a part of the institutions, customs, and thinking of a 
people ... "(l) 2 • Furthermore, soil conservation problems 
differ materially among new areas of abundant resources, 
between mature countries, or even within parts of a 
nation. 

The primary problem of economic analysis is that of 
providing one of the bases for judging the relative desira
bility of various alternative management practices and 
uses of soil resources. \Vere it possible to measure and 
attach monetary values to all the various types of public 
and private benefits and costs associated with given types 
of utilization, economic analysis could serve as the princi
pal basis for determining the most desirable utilization. 
However, two major limitations restrict the effectiveness 
of economic analysis in determining the feasibility of con
servational rates of soil use. A basic limitation is the in
adequacy of data concerning the effects of given measures 
on physical production and other related results. The 
second stems from the absence of sufficiently compre
hensive social-accounting techniques to allow proper 
weighing of the social or public values involved. 

Adequate data for estimating the expected physical 
effects of various soil conservation measures, applied to 
varying degrees of intensity and in varying combinations, 
are a primary requirement for economic analysis, from 
either a private or a public point of view. The absence of 
such data is due in part to the length of time required for 
observation and experimentation, but perhaps in even 
larger part to the lack of any well-oriented purpose toward 
which such data would contribute. The provision of ade
quate data of this type is the joint responsibility of the 
economist and the physical scientist, with emphasis on 
obtaining types of basic data adapted for use in economic 
evaluations. 

Even though adequate physical data were available, the 
satisfactory conversion of such data into economic terms 
would still constitute a major obstacle. The basic difficul
ty stems largely from the absence of adequate criteria and 
standards for fully reflecting the social values involved. 
Such standards are needed to provide a basis for deter
mining the extent of social responsibility for programmes 

2 Numbers within parentheses refer to items in the bibliography. 
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and measures in the interests of conservation and for 
establishing arrangements that will be effective in achiev
ing the desired levels of conservation (2). 

Although research is making progress in reducing the 
seriousness of certain aspects of the limitations indicated, 
the rate is slow, and it is also true that completely accept
able bases for adequately weighing total social effects can 
never be achieved. Even though complete coverage of all 
effects may not be feasible, an increase in the proportion 
of effects subject to quantitative treatment would con
stitute a definite contribution toward guiding soil-conser
vation policy. 

EXPLOITATION VERSUS CONSERVATION 

Various definitions of the term "conservation" as ap
plied to soil resources have been used. The emphasis in 
some has been in terms of physical concepts; in others the 
emphasis has been on economic and social aspects; while 
physical, economic and social considerations are combined 
in still others. Definitions that have been used include the 
prevention of waste, the maintenance of productive capaci
ty of the soil for sustained production, changes in the in
tensity of resource use, and the utilization of resources so 
as to maximize the present value of future returns. 

Soil resources are able to render repeated services with
out necessarily becoming exhausted. Viewed primarily in 
physical terms, two contrasting phases of soil conservation 
are in need of careful consideration as a part of any study 
of the "economics of soil conservation". Exploitation 
results in the reduction of soil productivity, either through 
soil destruction or through depletion of replaceable soil 
fertility. Both may arise from careless or uni'1formed land 
management. Soil destruction most often takes the 
form of soil erosion. Fertility depletion may also result 
either from ignorance, carelessness, or intentional ex
ploitation of replaceable soil resources. However, in con
trast to erosion, fertility exploitation may often be readily 
corrected by conservation measures designed to rebuild 
the basic soil resources. Declines in fertility that can be 
replaced would not necessarily reduce basic productive 
capacity. Only in the case of a permanent loss in soil 
productivity, such as deterioration in soil structure, would 
such capacity be adversely affected. Soil structure in such 
a concept is regarded as a "fund" resource and fertility as 
a "flow" resource (3). \Vhere the use was such as to main
tain fund resources, a condition of conservation of basic 
productive capacity would prevail. 

Defining conservation as the maintenance of the pro
ductive capacity of the soil results in a distinction between 
conservation and the rate of utilization. Exploitation, 
maintenance and improvement represent the three types 
of conditions that may characterize the rate of use of soil 
resources. The optimum economic rate of utilization is 
one that will maximize the present value of future net 
returns. If the most advantageous rate of use provides for 
maintaining productive capacity, conservation may then 
be considered as economically feasible. If not, only ex
ploitation would be economic and a conservational rate of 
use would be uneconomic. Even from a social viewpoint, 
a controlled rate of exploitation may be economically 
sound. Thus, the optimum rate of use might be either 
exploitative or conservational, depending upon whether 
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or not the basic productive capacity of the soils was 
maintained. In some situations, it is not possible to 
maintain virgin fertility following cultivation, while in 
other situations the fertility can readily be increased with 
gc,od land management. 

INDIVIDUAL AND SOCIAL INTERESTS 

For an individual, it is often profitable to exploit both 
fund and flow resources of soils. If exploitation is con
fined to the flow resource, and depletion stops short of any 
permanently harmful effects on the fund resource, it may 
be economic both for the individual and for the public as 
well, and the two interests would be compatible. The 
short-term benefits to the individual and society from 
using up the stored fertility of the soil make possible the 
filling of special needs such as those occurring during the 
recent war period, and yet permit restoration of this de
pleted fertility at a later date. 

However, if depletion extends to the point of deterio
ration or loss of the fund resources, the problem is much 
more serious from the social viewpoint. Fund resources 
may be destroyed either by erosion or by a breakdown in 
soil structure. In such instances, a gain for the individual 
may mean a permanent loss to society. Such a loss from 
sc,il destruction may cause an increase in the cost of pro
ducing needed food and fiber or it may result in a decrease 
in the food and fiber production below the requirements 
necessary for the well-being of mankind. This difference 
in evaluation results because the individual's estimates of 
benefits give greater weight to returns receivable in the 
near future, while social values give greater weight to 
more widespread current effects as well as those expected 
to occur in the more distant future. 

From the standpoint of society, the extent and perma
nency of soil deterioration are exceedingly important. 
Exploitation of the soil may not be a burden upon present 
users because of their ability to shift the costs to other 
individuals or to society. As has been pointed out, "Many 
a land user sees exploitation as economic to himself be
cause the capital loss resulting from the declining pro
ductivity can be shifted to society or another individual. 
A tenant on a year-to-year tenure-a holder of a. life estate 
in farm land-an operator heavily indebted and about to 
lose the place to his creditor-will find it economically 
advantageous to turn the productivity of the property 
into cash just as far as possible before relinquishing it be
cause the landlord, the succeeding heirs, or the creditors 
bear the capital loss" (4). Thus, the economic and in
stitutional framework in which the productive process 
functions may cause depletion beyond the point at which 
fertility maintenance is economic or perhaps even physi
cally possible. 

At a time and place, land yields its highest net returns 
when the last increment of capital and labour applied to 
it results in an increase in products sufficient to compen
sate for the cost of the additional application of capital 
and labour. Continuous returns from the land arise either 
by maintaining the land in a status quo condition or by 
adding to or subtracting from the fund or flow resources 
of the soil through exploitation or improvement. Ex
ploited land is often over-valued for significant periods of 
time, in relation to the returns to land if operated under a 
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system of sustained production. Thus, high, fixed land
costs to meet mortgage payments or pay for improvements 
may force land operators to continue exploitation even 
though they recognize the need for conservation. In the 
1920's and early 1930's this happened in the United States. 

PRIVATE INVESTMENTS FOR CONSERVATION 

At any given time, the amount that an individual can 
afford to invest in soil conservation depends on the cost of 
capital and labour investments as compared with the 
additional income expected from following such conser
vation practices. Investments in soil conservation are 
capital and labour outlays on land. As has been indicated, 
they differ little from any other type of real estate im
provement except in the degree to which they may de
preciate under adverse economic circumstances. For in
stance, if depreciation extends into the fund resources, the 
result socially is significantly different from the case of 
the deterioration of farm buildings. 

Investments in conservation measures may be made 
either to increase the present level of income from the land 
or to avoid a decrease in the future returns below the 
present rate. As has been stated: "Financial outlays for 
soil conservation represent additions to the capital in
vestments in land. Justification for such capital additions 
must be based on one of two possible conditions. First, 
the expected future incomes will be sufficiently expanded 
by the proposed conservation practices to justify the ad
ditional capital. Or second, the additional investment is 
necessary to prevent the depreciation of the income 
stream, even though no additional income may be forth
corning" (5). 

In the first case, a positive return over previously 
existing levels is expected by the individual who invests in 
conservation facilities. In the second, investment in con
servation is made not to increase present income levels but 
to prevent the size of subsequent returns from diminishing 
or disappearing. In both instances, the income to be 
realized with conservation is greater than would have 
been expected without. Whether conservation invest
ments are made to increase the original level of productivi
ty, to prevent future decreases in productivity, or to re
pair damages arising out of neglect or failure to maintain 
soil resources makes little difference. 

In determining the benefits or incomes attributable to 
the conservation measures for comparison with their costs, 
the results of soil conservation measures should be calcu
lated over the expected life of the improvement. And in 
measuring the extent to which conservation investments 
pay, any investment in soil conservation that is of a perma
nent nature need return only upkeep and a reasonable in
terest on the capital outlay. In other words, it is not 
necessary to pay back the principal investment for a 
permanent improvement. As the improvement is perma
nent, it becomes capitalized in whole or in part in the 
market value of the land and, thus, is a capital asset to the 
landowner. Since each segment of justified investments 
should be planned to yield returns sufficient to cover 
maintenance and interest, the total investment will usual
ly yield a surplus over the costs that are chargeable. 

Whenever investments in conservation are of relatively 
short duration, the returns should be sufficient not only to 
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cover maintenance and upkeep during the life of the im
provement and to pay interest on the remaining invest
ment but also to return the cost of the initial improve
ment. Annual charges for maintenance and replacement 
may become sizable with such conservation practices as 
terraces and waterways but may be smaller for concrete 
structures and other more durable improvements. 

A number of conditions determine whether an indivi
dual will make investments for soil conservation and the 
extent to which he will do so. These include the time of 
benefit accrual in relation to that of costs; the availability 
of credit on terms suitable to requirements of conservation 
investments; the risks attached to the realization of 
potential returns; and the attitudes toward conservation. 
There is also the need for demonstrating that such invest
ments are profitable. There is thus a significant place for 
demonstrational and educational work in developing 
greater interest in conservation investment possibilities. 
Such educational work, by necessity, becomes primarily 
the responsibility of the Government, even when conser
vation measures are applied entirely by the individual at 
his own expense. 

Whenever conservation activities have value to society 
in addition to their value to the individual, the public may 
justifiably assume a joint financial responsibility with the 
individual. This will assure that needed and economically 
sound measures are adopted to maintain our soil resources 
at a level that will provide man with a greater abundance, 
will free him from excessive financial burdens and will 
provide him with a relatively high level of living. 

PUBLIC CONTRIBUTIONS FOR CONSERVATION 

In the United States private rights and interests in land 
have, for the most part, been placed above public in
terests. Historically, our philosophy of fee-simple owner
ship of landed property has been based on the belief that 
privately held land yields most to the general welfare and 
that such landowners, either spontaneously or with a 
limited amount of social persuasion, will use their land in 
the general public interest. There are exceptions to this 
general statement but it has been our guiding principle, 
set aside or modified only for very good reasons. One of 
these reasons is soil conservation. 

ty or even a social obligation to see that conservation 
measures are adopted. 

If public interest necessitates the adoption of certain 
conservation measures, landowners may vote regulations 
upon themselves. In the United States, acceptance and 
adoption of publicly desirable conservation measures have 
been encouraged mainly through education and payment 
of subsidies or grants in the form of materials and aid to 
co-operating farmers. Few attempts to compel farmers to 
adopt conservation practices have been made in this 
country, even though enabling legislation of a number of 
States provides that soil conservation districts may 
authorize such action. 

The amount and type of public action to bring about 
conservation will depend upon the extent of the needs and 
public awareness of the necessity for protecting soil re
sources. Because of the extensive nature of soil conser
vation problems and national and world-wide interest in 
maintaining agricultural production, public assistance in 
the planning and development of soil conservation pro
grammes is usually necessary too btain the scope of develop
ment justified and needed to protect the public welfare. 
Wise husbandry demands that conservation measures be 
installed long before hunger and starvation become im
mediate possibilities or realities. 

Public considerations of soil conservation problems in
clude the amount and the way in which public funds 
should be used to encourage needed programs. As public 
funds are limited, there is always the need to choose be
tween alternative types, amounts and areas for public 
investment in soil conservation. Greatest benefit from 
public expenditures usually results when public funds are 
used to supplement private efforts to install needed con
servation measures rather than when the Government 
tries to do the entire job alone. When costs of soil conser
vation are shared with private individuals, co-operative 
arrangements between the Government and the other 
beneficiaries should insure stability and continued oper
ation of the land resource in a way that will realize the 
maximum potential public and private benefits from the 
land. 

PLANNING CONSERVATION PROGRAMMES 

Conservation programmes should be planned to maxi-
Public concern over present depletion or deterioration mize the benefits from use of the limited amounts of public 

stems from the public interest in assuring adequate agri- and private funds available. This generally means that 
cultural production for the present, for tomorrow, and in expenditures for conservation should be made in those 
perpetuity (6). Whenever individuals are not able to bear areas and situations where benefits exceed costs. In 
all the costs of desirable conservation measures, it be- economic terms, investments in conservation should not 
comes a public problem. Moreover, even when financially be extended beyond the point at which added returns are 
profitable as well as in the public interest, individuals are sufficient to cover the added conservation costs; and values 
not always in a position to rehabilitate badly eroded land placed on the effects of conservation should be those ex
or even land of moderate erosion. The individual may pected to prevail when the benefits accrue, including an 
lack interest, technical ability, and the capital required to allowance for differences with and without the programme 
carry out economically desirable conservation practices, when emphasis is on the social values involved. In 
thus making necessary public aid if the job is to be done. measuring economic feasibility, discount and interest rates 

Public interest also arises when damages are inflicted by used to reflect differences in time when costs and benefits 
soil washing downstream from one person's land on to the will accrue, should reflect the productivity of capital in 
property of another. One individual alone may be unable other uses as indicated by interest and discount rates 
to avoid such damage and when it is not a possible or applicable to other comparable investments. Adequate 
reasonable obligation of any one individual to remedy this allowances must also be made for the risk and uncertainty 
problem, it becomes a joint private and social responsibili- of receipt of the more distantly expected project effects. 

78 



ORGANIZATION AND EVALUATION OF SOIL CONSERVATION PROGRAMMES JOHNSON, S. 

In keeping these economic requirements in mind, one 
nust not conclude that expenditures for conservation 
must always be made in terms of monetary returns and 
C\)StS. 

The amount of the investment in soil conservation 
should, in so far as feasible, be geared both to the needs for 
tl1e conservation expenditure and to the economic condi
tions that affect resource employment levels. Timing is 
indeed important and it is particularly so whenever and 
wherever conservation investments can be of a public 
works programme. Thus, desirable for soil 
conservation can have a double-edged by saving our 
land resources and helping to stabilize the economy-two 
very worth-while social objectives. Such stabilizing effects 
from proper timing of expenditures for needed conser
vation measures will be in addition to the benefits that 
will accrue from maintaining for posterity an adequate 
and productive agricultural economy, capable of meeting 
recurring as well as emergency needs of the people. 

The extent to which the value of future production can 
be translated into monetary terms or any of measur
able value with a high degree of assurance obviously 
limited. This is a natural result of the difficulty of fore
seeing future differences between the individual's 
and society's preferences for present goods and risks in
volved in making long-term investments. Until more im
proved techniques are developed for measuring social 

values, the economist must rely largely upon standards 
and criteria that have attained a reasonable degree of 
acceptance; and he must realize that conservation policy 
and programmes result from many forces and influences, 
that economic and social institutions are often strategic, 
and that social philosophies are ever changing. Neverthe
less, the public need for determining economic feasibility 
of conservation programmes is of growing importance at a 
time when governments must assume an increasing res
ponsibility for the husbandry of the soil resources of the 
world. 
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Farming Systems in Relation to Soil Conservation 

SHERMAN E. JOHNSON 

ABSTRACT 

Establishment of soil-conserving farming systems frequently involves conflicts between public concern for future 
supplies of farm products and the farmer's interest in current incomes. Farmers are not likely to establish or to maintain 
systems of farming that maintain soils unless they are more profitable than exploitation. On the other hand, the 
social group is interested in protecting its continuity of existence. This means providing for the most probable long
time needs for farm products and perhaps also for a contingency reserve that would constitute food insurance in 
case of emergency. 

In the United States, soil-maintaining systems of farming can be made to pay out eventually for individual farmers 
in most areas, but in many situations public investments are necessary to overcome the obstacles to achievement. 
Educational programmes on economic advantages of conservation farming may go far toward achieving adoption. But 
in many situations technical assistance, use of equipment, underwriting of credit, and grants-in-aid may be necessary 
to close the gap between exploitation and maintenance of soil resources. Public funds are limited, however, and priority 
should be given to the types of conservation investment on which the greatest returns can be obtained. 

GENERAL CONSIDERATIONS 

Conservation is the key word in the subject under dis
cussion. Some general treatment of conservation objec
tives, therefore, may facilitate consideration of the pro
blems encountered in developing farming systems that 
naintain soil resources. The discussion is in terms of 
problems encountered in the United States, where farm 
Lmd is in private ownership, and largely operated as 
hmily enterprises. But some of the suggestions can be 
applied with modifications to other situations. 

The public interest in soil conservation concerns the 
nost effective use of soil resources to meet and 
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future requirements for farm products. This requires 
striking the kind of balance between present and future 
needs that will maximize benefits from the use of soil re
sources when both the present and the future are con
sidered. 

Farmers and other landowners represent the private 
interest in soil conservation. Although they are interested 
in maintaining soil resources, they are faced with the 
necessity of making a living from their farms today. Their 
attitude, therefore, is modified by need for using the land 
to provide current incomes. The individual farmer's in
terest in conservation also is closely related to his tenure 
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status. If he is operating on a short-time lease that does 
not provide compensation for unexhausted improvements 
he will not reap much benefit from conservation farming. 
He may therefore attempt to maximize current income 
regardless of its effect on soil resources. 

These practical farmer viewpoints on conservation 
sometimes seriously conflict with public concern for ade
quate future supplies of farm products. Sometimes it is 
assumed that soil maintenance is always profitable to the 
individual farmer. But why, then, is it so hard to get the 
job done? Because there are many conditions under 
which conservation farming is not the most profitable, or 
at least not the most practical, current system of farming 
for the individual farmer in his situation. 

Perhaps a little analysis of why public and private in
terests in conservation do not always coincide will reveal 
some of the obstacles to rapid achievement of soil-main
taining systems of farming. It may also suggest some 
ways of overcoming them. 

One view of the public interest is that we should assign 
much greater values to future production from the land 
than to present production because increasing population 
and gradual soil deterioration may eventually result in 
heavy pressure of population on the food supply. An
other view is that invention and discovery on the 
one hand, and population trends on the other, may con
tinue to relieve the dreaded pressure-at least in the 
western countries. But whichever viewpoint is the most 
probable, we need to recognize that the present worth of 
future uses is less than their accrued value at some time in the 
future, even from the public point of view. There is con
siderable uncertainty with respect to future needs. Public 
fundsinvestedinconservationmaylimitinvestmentinother 
desirable objectives. Also, in some cases, investments in 
conservation may not contribute significantly to larger 
future supplies of food. 

But the social group can, and should, give more attention 
to possible future needs for farm products than it is pos
sible for individual farmers to do. One reason for greater 
public concern is the very uncertainty of the level of future 
needs. The social group should protect its continuity of 
existence. This may call for a contingency reserve of soil 
resources that can be drawn upon if unforeseen food 
emergencies should develop. 

Before consideration is given to such a reserve, how
ever, estimates should be made of the most probable long
time needs for farm products. Protection of this level of 
food needs has first priority for use of public funds. The 
contingency reserve should be regarded as over and above 
the needs which can be estimated. The concept is analo
gous to the engineer's safety allowance on construction 
materials. The purpose of the reserve is to provide food 
insurance for the social group. 

investments. This would result in giving highest priorities 
to investments on which the greatest returns can be ob
tained. It seems apparent that public investment can be 
most productive in the areas and situations where a small 
amount of public assistance \\ill promote shifts that 
farmers can continue on a profitable basis at the end of 
the transition period. 

The public interest not only has to consider food in
surance over a longer time span than private interests, it 
must consider all of the costs of exploitation. Frequently 
the individual farmer bears only a part of those costs. The 
tenant farmer operating on a one-year lease with no as
surance that he will be on the place next year is interested 
in a maximum income this year. If he is permitted to 
exploit the soil the cost of exhaustion will be borne by 
others-the landlord, the next tenant, and the public, 
because of destruction of a part of the resource base. Even 
owner-operators sometimes can maximize current incomes 
by slowly deteriorating land resources. Current produc
tivity may not be greatly affected until a critical danger 
point has been reached. One owner may sell the farm 
before reaching that stage, and at a price that does not 
reflect the permanent damage. From the public viewpoint 
comparison of costs and benefits from conservation must 
give proper weight to the future decrease in productivity 
from gradual but permanent damage to soil resources. 

Destruction of resources on which an established com
munity is dependent for its current income has secondary 
effects on the whole community structure. For example, 
cutting all the merchantable timber in an area dependent 
upon lumbering will destroy for some time to come the 
resources on which people of that area depend. It there
fore will necessitate out-migration and the sacrifice of 
established community institutions. This means that the 
value of other assets are destroyed along with the timber. 
It does not necessarily follow that all exploitation runs 
counter to the public interest, but this point will be 
covered in later discussion. 

Sometimes the conservation problem is stated purel'\/ in 
physical terms. For example, the number of tons of top
soil that are washed away with every rain. This un
doubtedly is a net physical waste, although a part of the 
eroded topsoil may be deposited on some other land and 
not be entirely wasted. But we should distinguish be
tween physical waste and economic waste; also between 
economic waste from the individual point of view and 
economic waste from the social point of view. By making 
these distinctions we can determine under what conditions 
public and private interests overlap, and what circum
stances warrant measures to protect the public interest in 
conservation. The following cases illustrate the problems 
that are encountered: 

Case 1. No major obstacles to adoption of farming 
systems that would conserve the soil and also increase current To use resources for public investment in conservation, 

shifts the income stream as to time, place, and the group mcomes 
that beneftts from the investment. It is necessary, there- There are many places in the United States where land 
fore, to make a careful inventory of proposed public in- is permitted to erode, or deteriorate in other ways, be
vestments in conservation; to compare returns from other cause farmers who operate it do not know that they ac
investments; and to develop priorities for investment in tually could obtain higher current incomes if they would 
conservation. Priorities should be based on comparison maintain, or even improve, their land resources. Frequent
of the estimated present worth of returns from alternative ly, the change involves only simple practices, or shifts in 
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rotations. Under those conditions, there is not only 
physical waste of resources but economic waste as well, 
both from the individual and from the social point of 
view. This is a case in which all interests overlap. The 
major remedy is education carried out in such a way that 
farm operators realize the greater returns that accrue from 
·:onservation farming. This is easy to prescribe but it is 
far more difficult to develop an educational programme 
that reaches all farmers, and, even if all farmers learn 
the economic advantages of conservation farming, other 
factors may retard adoption. A programme to provide 
<~onservation materials, and even payments for conser
vation measures, might greatly accelerate adoption. 

We should note that publicly financed education repre
sents a public investment, or subsidy, to use the harsher 
term. The principle of public expenditure of funds for 
education to achieve conservation is the same as public 
expenditure for other services or for materials. The differ
ence perhaps lies in the amount of funds required to 
achieve the objective, and also in more general accep
tance of the use of public funds for teaching farmers to 
carry out their own programmes. 

Our conclusion from this illustration is that even when 
only simple measures are required, and when conservation 
farming pays out in higher current incomes to farm oper
ators, public investment sometimes is necessary to ac
complish the job. 

Case 2. Conservation farming would increase current in
comes but farmers need assistance in adoption 

The problem becomes much more complicated on farms 
where the operator knows that soil resources are being 
wasted. and that even his current net income would be 
increased if he could carry out a farming system that 
would maintain or improve soil resources, but for some 
reason he is unable to make the change. For example, 
terracing may be needed, but the operator has neither the 
technical skill nor the equipment to do the job. Or per
haps by use of lime and fertilizer, more hay and pasture 
could be grown which would promote soil maintenance 
and provide increased returns. But to be profitable this 
change would require more livestock. The operator may 
not be able to obtain the necessary credit for the addition
al investment in lime and fertilizer and livestock. Whether 
the obstacle is lack of technical assistance, or lack of 
credit or some other impediment to change, the operator 
may be doing the best he can in his special situation. 
Therefore, although he is following an exploitive system 
of farming, it may not be wasteful use of resources from 
his individual point of view and considering his special 
situation. 

This case, of course, involves a physical waste of re
sources, also an economic waste from the viewpoint of 
society, because with a small public investment in tech
nical assistance, or perhaps with a small change in credit 
policy, the physical waste could be eliminated and con
servation could be made profitable, both to the individual 
and to society. A part of the remedy again involves some 
public investment. In this case it might take the form of 
technical assistance, use of equipment, underwriting ex
tension of credit, and perhaps payments to accelerate 
adoption. 
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Case 3. Adoption of conservation farming reduces current 
income in transition years 

In the two previous cases conservation farming could 
become immediately profitable to farm operators provided 
the obstacles to achievement could be overcome. If 
farmers always could count on increasing current incomes 
by shifting to a system of conservation farming, soil 
maintenance would be achieved with a relatively small 
investment of public funds, and as a part of a programme 
of more efficient farming. But frequently there is a de
crease in net income during the transition period. In such 
cases the gap in income between exploitation and conser
vation farming will need to be bridged before it becomes 
profitable to maintain soil resources. 

Table I. Income and Investment Changes involved in 
Adoption of a Conservation Farming System 

on a 160-acre Iowa Farm a 

Changes compared with First Second Third Fourth Fifth 
present farming system year year year year year 

$ $ $ $ $ 
Changes in net income . . -387 -242 -122 +469 +804 
Additional capital required for: 

Livestock 490 294 290 
Conservation installations 206 298 119 
Fences, buildings and other. 288 337 312 225 

Total additional capital 984 635 725 515 

a Adapted from "Economic Aspects of Soil Conservation Pro
blems", by vVilliam G. Murray, Earl 0. Heady, and John F. Tim
mons, Iowa State College. Paper delivered at annual meeting of 
Soil Conservation Society, Cincinnati, Ohio, 10 December 1948. 

If the period is short and the future returns on invest
ments for soil improvement are relatively high, it may be 
possible to bridge such a gap with credit geared to conser
vation needs. Table l shows the expected results for an 
Iowa farm on which the net income would drop tempora
rily, and more capital would be required. But income 
would be reduced for only a three-year period. After that 
it would increase in the fourth and fifth years by more than 
enough to offset the temporary income reduction and to 
cover the interest on the additional capital. 

A small and temporary income gap of this kind could be 
overcome with a well-formulated credit programme. But, 
first of all, the farmer would have to be convinced that it 
would pay. He would take the risk of the temporary 
reduction in income and the cost of the higher capital 
investment. Second, if private credit is involved, the 
creditor would need some assurance that the programme 
would pay out. 

The profitableness of such a programme can be tested 
by working out a detailed farm plan for the transition 
period and after its completion. Such a plan should show 
not only the physical changes that are needed, but also the 
additional capital required, and the period for which 
loans would be made; and above all, the prospective in
come and expenses for each of the transition years, and on 
completion of the adjustment. Very little of this type of 
work has been done so far. Consequently, loan funds 
geared to shifting to a system of farming that will conserve 
soil resources have not been readily available. 

This case would be more complicated if it were a rented 
farm. The landlord then might have to assume most of 
the temporary reduction in income, and also supply most 
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of the additional capitaL Changes would have to be made 
in leasing arrangements for more equitable sharing of both 
costs and returns from conservation farming. Tenure ar
rangements of that type are already in effect in some 
other countries, especially in Britain. A thorough over
hauling of prevailing leasing systems in the United States 
would be of mutual advantage to tenants and landlords. 

It is clearly in the public interest to achieve conserva
tion farming under these conditions. But it is also evident 
that some kind of a transition bridge is needed before most 
farmers in these situations will adopt farming systems 
that maintain or improve soil resources. This bridge could 
be built with a public investment in education, and in 
farm planning that would emphasize better adaptation of 
credit programmes and more equitable leases. Once the 
transition had been accomplished, however, the new 
system would pay out from both the public and the 
private point of view. 

Case 4. Farms too small to establish conservation farming 

Many farms in the southern part of the United States, 
and in some other areas, are so small that in order to 
provide a living for the farm family the operator must 
grow a maximum acreage of intertilled cash crops at the 
expense of soil maintenance. In other words, a soil
maintaining system of farming would mean fewer acres of 
labour-intensive crops-cotton or tobacco--and therefore 
a lower income to the farm family. 

The situation sometimes can be met by developing im
proved pastures and legume roughage and adding labour
intensive livestock, such as dairy and poultry--unless the 
farm is too small even for that kind of change. But these 
changes require new capital investments, and operators of 
small farms frequently cannot obtain loans from usual 
credit sources. Moreover, the new system of farming 
requires learning new skills and perhaps involves the risk 
of losses while learning, which the small operator cannot 
afford to assume. 

\Vhat seems to be needed in these cases is a management 
ad visorv service which can assist these farmers to work 
out the ~ew systems of farming. A credit programme then 
should be to carrying out the long-time plan that 
has been worked out. But credit of this type is more in 
the nature of a partnership investment shared with the 
operator than a loan based on the asset value of the 
property. Success of the loan and its eventual repayment 
may depend largely on the management guidance that can 
be provided. 

Table 2. Income and Investment Changes involved in 
Shifting to More Legumes and Livestock on a Small 

Cotton Farm (37 Crop Acres) in North Carolina a 

Changes compared with First Second Third Fourth Fifth 
present farming system year year year year year 

$ $ $ $ $ 
Changes in net cash income. +204 +355 +576 +767 +869 

Additional capital required for: 
Soil improvement . 372 
Other 701 41 

Total additional capital 1,073 41 

a Source: Manuscript entitled, "Investment Credit to Improve 
Farming Systems", by D. B. Ibach and G. \V. Forster. Prepared 
for publication as a North Carolina Experiment Station bulletin. 
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Table 2 summarizes the new investments and changes 
in net cash income that might be expected on a small 
cotton farm in North Carolina from changes that include 
shifting a part of the intertilled acreage to small grain and 
legumes, improving the pasture, and adding a commercial 
poultry flock. In this plan no reduction is made in the 
acreage of cotton, but the com acreage is reduced consider
ably. The plan was worked out with soil maintenance as 
one step in maximizing incomes on small farms. The 
suggested changes involve more than direct conservation 
measures. And the plan may not provide for complete 
maintenance, although intertilled crops have been greatly 
reduced and other soil-improvement measures are in
cluded. The plan, however, serves to illustrate the typical 
problems on small farms. They usually require additional 
capital investment in order to increase the size of the 
business by adding other labour-intensive enterprises; 
and improvement in income is a necessary prerequisite to 
adoption and continuance of a farming system that 
provides for soil maintenance. 

If it were necessary to reduce cotton acreage the 
changes in cash income would be much less favourable. 
Even in the proposed plan repayment of the new invest
ment would have to be spread over a period of eight years. 
This would not be a very attractive loan for private ex
tension of credit unless the lender could depend on a 
management advisory service for supervision. Even then, 
loan insurance might be required to attract private capital 
into this field. 

But suppose a farm plan cannot be worked out that 
will maintain soil resources and still provide a living for 
the farm family; that more land is needed to develop soil
maintaining rotations and other practices. Some oper
ators of small farms probably could learn to operate larger 
farms successfully if they could finance the transition and 
obtain some management assistance in changing their 
systems of farming. 

Table 3. Income and Investment Changes involved in 
Increasing the Size of a North Carolina Cotton Farm 

in Order to Conserve Soil Resources and 
Increase Farm Income a 

Changes compared First Second Third Fourth Fifth Sixth 
with present year year year year year year 

farming system $ $ s $ s $ 
Changes in net 

cash income. . + 134 +404 738 +1,002 +1,252 +1,567b 
Additional capital 

required for: 
Soil improve-

ment 608 161 
Buildings, 

fences and 
land. 1,213 148 3,000 

Machinery 138 
Livestock 320 
Other 262 

Total additional 
capital. . . . 2,541 148 161 3,000 

a Source of data same as Table 2. Cropland increased from 
37 acres to 55 acres, but additional land is rented until the sixth 
year. 

b In the seventh and eighth years the estimated increase in net 
income would be about $1,900. 

Table 3 takes the same North Carolina cotton farm as in 
Table 2 and carries through the income and investment 
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c-tanges that would be needed if the farm were increased 
in size. It is evident that the possibilities for higher in
C•Jme are much greater if the farm is enlarged. But to 
make this shift requires even more capital. Current cash 
expenses also would be higher, and the risk would be 
greater. The farming business would be more complex 
and to operate it successfully would require 
managerial ability 1• 

These two illustrations emphasize the three primary 
requisites for achieving soil-maintaining systems of farm
ing where they can be made to pay out. These are time, 
money and management. It takes time to make the 
necessary transition. Capital is needed to invest in soil 
improvement, livestock, buildings, and even in land, if 
larger farms are needed. The new system of farming is 
nearly always more complex than the old. Therefore, it 
requires more and better management for successful oper
ation. 

Another point also calls for emphasis. To achieve a 
soil-conserving system of farming usually means more hay 
and pasture, and lime and fertilizer may be needed to 
establish them. Livestock will be needed to utilize the 
hay and pasture. It is evident from this sequence that the 
physical changes necessary to achieve conservation are 
only one step in a programme of improvement that in
volves the entire farm business. Conservation farming, 
therefore, should be thought of as an integrated part of a 
general programme of farm improvement. And such a 
programme in turn is dependent upon market conditions 
that provide a profitable outlet for the products resulting 
from the improved farming system. Fortunately, soil 
maintenance usually involves shifts toward the products 
most readily absorbed in the market, but nevertheless, in
vestments in conservation usually will not pay out in 
periosd of depression. 

With the right combination of time, money and manage
ment the conservation job could be done even on the small 
farms represented by these illustrations, and once ac
complished it would pay out for farm operators, except 
under depression conditions. To do the job would require 
management assistance in working out long-term farm 
plans and in learning the new ways of farming. Credit 
programmes would be to the long-term farm plans 
and they would depend for success on the quality of 
managerial assistance provided during the transition. A 
grant-in-aid programme consisting of conservation ma
terials and payments for shifting would accelerate the 
change and lighten the burden of risk during the transition 
p•::riod. 

Case 5. Conservation farming less profitable than soil ex
p!oitation except over long periods 

So far we have dealt with cases where conservation 
farming could be made to pay out over a fairly short 
p::riod, even though there would be many obstacles to be 
o-,rercome. It would be accomplished a.s part of a pro
gramme of efficient farming that would be profitable under 

1 Farm enlargement also assumes that land is available for lease 
or purchase. This implies that other employment is available for 
tLose who are not needed in farming. Providing non-farm employ-
rr ent for a of the labour force in congested rural areas may 
h one of best ways of promoting conservation. 

favourable market conditions. In some areas, however, 
conservation fanning will produce a higher return than 
exploitation over a long period, because of eventual soil 
deterioration; but the timing of the higher returns is too 
far in the future for profitable investment by individual 
farmers. In deterioration may take place so slowly 
that farmers are unaware of it until the critical damage 
point is reached. 

Should conservation farming be adopted on lands of 
this type? If so, what kind of public investment would be 
required to close the gap between exploitation and con
servation? The public interest may require protection 
against deterioration. The probable return on a public in
vestment of this type can be gauged partly by the value 
attached to the difference in the output from conservation 
farming as compared with exploitation. The difference in 
the annual output should be valued on the basis of the 
most probable needs for fann products at the time of 
accrual and discounted to present worth at a suitable rate 
(for example, the cost to the Government of long-time 
funds). 

This comparative calculation may indicate a fairly high 
return on the public investment because of the decreasing 
productivity of the land in later years under the exploitive 
system of fanning. Such investments might take the form 
of loans at rates of interest reflecting the cost of long-term 
public funds, or of payments to carry out conservation 
practices. In certain instances, other measures might be 
required to insure protection of resources. For example, if 
gradual deterioration of land resources eventually results 
in important "off site" damages, such as disastrous floods 
from over-grazing the upper part of a watershed, public 
ownership and operation in the public interest may be the 
only feasible solution. These are costs of exploitation 
usually not considered by private landowners. The nation
al forests and grazing reserves in this country serve that 
type of protective use. 

Case 6. Soil maintenance not feasible if land is used for 
crop production 
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In some areas, conservation farming cannot be made 
more profitable than exploitive farming even over a long
time period if the land is used for crops-at least not with 
present farming techniques. Some of the wheat areas of 
the Great Plains and the Pacific Northwest illustrate this 
type of problem in the United States. Technical methods 
have not been developed that will maintain soils in some 
of these areas if they are used for crop production. 

If the land is shifted to forage and pasture uses it is 
possible to maintain it, but frequently this shift involves 
considerable reduction in net income. Some recent work 
in the Northern Great Plains of the United States, how
ever, indicates that permanent seeding of crested wheat 
grass on some of the wheatlands, for pasture and forage 
use, would return, over a period of years, net incomes 
about as high as if the land were used for wheat produc
tion2. It appears that all the wheatland on farms in some 
of the high risk areas could be seeded permanently to 
crested wheat grass without sacrifice in net income over a 

2 Unpublished preliminary results from a. study of economic 
utilization of farm-grown feeds undertaken by the Bureau of 
Agricultural Economics under the Research and Marketing Act. 
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period of years. This shift could be most readily ac
complished in areas where a combination of wheat farm
ing and cattle ranching is now carried on. Such areas have 
supplementary grazing lands and many farm operators 
have previous experience with beef cattle. 

But this shift, like some of the cases previously consider
ed, involves a transition period during which cash income 
would be lower than if the land were continued in wheat 
production. A shift to crested wheat grass would require 
about three years under favourable weather conditions. 
During that time cattle inventories would be built up to 
utilize the larger supply of hay and pasture. The increase 
in livestock inventories would nearly offset reductions in 
net cash income. But the major point to remember is 
that a farm family would have to make a living during 
the transition. Again, therefore, this gap would need to 
be bridged somehow if there is to be much inducement 
for shifting the land from wheat to grass. A grant-in-aid 
programme of conservation materials and adjustment 
payments could be designed to facilitate a transition to 
grass farming. Credit programmes also could be developed 
to finance the increase in livestock. Once the change-over 
had been made, a shift of this kind would provide a con
tingency reserve of land that could be used for wheat in 
case of emergency. This reserve could be maintained 
without sacrifice of income either by private operators 
or by the public. Both public and private interests would 
be served best by shifting to grassland uses in the areas 
where the shift could be carried out. 

But, as already mentioned, there are some areas where 
such alternative land uses are not available to farmers. 
Consequently, a shift from wheat production to grazing 
would involve considerable reduction in net incomes. 

If soil maintenance is not possible with present 
techniques, exploitation becomes a necessary adjunct to 
the use of those lands to produce crops. But use is not 
necessarily the same as waste. It is true that resources are 
being used up but in the same way as using coal from a 
mine. We do not necessarily stop using coal because it is 
not a renewable resource. "'"e realize that when we have 
mined all the coal in a given vein, it is gone. We, there
fore, try to prevent needless waste, and society is very 
much interested in the rate of exploitation of mines, and 
especially in providing substitutes for irreplaceable re
sources. But from the social point of view, use of an ex
haustible resource should be determined on the basis of 
how badly we need the output. For example, if we have a 
surplus of wheat perhaps the public interest might best be 
served if some of these wheatlands were handled as a 
contingency reserve until some time when the wheat really 
would be needed. 

The total product value is not increased by producing 
more wheat than the market will absorb. Continuation of 
wheat production under those conditions seems especially 
pointless if it involves using up land resources which may 
be needed in future emergencies. If there is a surplus of 
wheat, land resources of this type seem almost ideally 
suited for treatment as a contingency reserve. Part of the 
cost of carrying this reserve would then be chargeable to 
adjustment programmes. 

But how can such reserves be established if the shift to 
grassland involves continuous sacrifice of income to 

wheat producers? The first thing we need to recognize is 
that if public measures are not taken under these con
ditions the job will not be accomplished. Under these 
conditions there is a conflict between public interest and 
the actions of farmers as individuals. 

Research to develop new techniques of maintaining re
sources in these areas and to increase incomes from grass
land is one type of public investment that should have high 
priority. It should be recalled that crested wheat grass is 
a relatively recent introduction to the Gnited States, and 
that its use is a product of research. 

If the gap in net income between wheat and grassland 
uses is rather small there may be a place for a continuous 
subsidy to keep the land least suitable to wheat produc
tion in grass. The cost of such a subsidy might be less than 
other methods of dealing with the wheat surplus problem. 
It also would be possible to prevent wheat production on 
the lower-yielding lands by zoning regulations, but these 
would have to be combined with reimbursement to present 
operators for differences in income between grassland and 
cropland uses. Real estate taxes also could promote the 
shift by establishing a high differential between grassland 
and cropland. 

Another and more drastic way to assure utilization of 
these lands as a contingency reserve would be Govern
ment rental or purchase. After reseeding they would be 
used as grazing reserves until or unless food emergencies 
developed which required their use for crop production. 
Although both zoning and Government rental or purchase 
appear to be drastic measures for dealing with the problem 
it should be recognized that the lower-yielding wheatlands 
are highly hazardous for farming operations, and good crop 
years are frequently followed by drought, crop failure, and 
financial insolvency. Zoning 01 public purchase may also 
have to be used to prevent serious "off site" damages, as 
mentioned under Case 5. 
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EXTENT OF PUBLIC INVESTMENT NEEDED TO ACHIEVE SOIL 

1\fAINTENANCE 

It is apparent from previous discussion that the public 
has a large stake in maintaining soil resources. It is also 
evident that on much of the land in this country the con
servation job will not be done unless public action of 
some kind is taken, and all public action involves public 
investment. Many farmers will not establish or maintain 
farming systems that conserve soil resources unless they 
are more profitable than exploitation. 

Our case illustrations indicate that conservation farm
ing can be made to pay out eventually for individual 
farmers in most areas of this country, but in many situ
ations public investments are necessary to overcome the 
obstacles to achievement. On the other hand, we must 
recognize that public funds are limited. Resources used 
for public investment in conservation could be used in 
other ways~by individuals in private investment and for 
current consumption, and by the public for investment in 
other lines to increase the total product value. As previ
ously indicated, comparisons need to be made with other 
types of investments; and within the field of conservation, 
priority should be given to those on which the greatest 
returns can be obtained. 
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In deciding on public investments to achieve mainte
nance of soil resources we need to distinguish between 
permanent damage and depletion of fertility that can be 
restored. In some areas prevailing uses do result in gradu
al depletion of fertility, but the lands could be improved 
and restored to higher levels of productivity with rather 
small investments if at some later time food needs become 
more urgent. Depletion of fertility is like the wearing out 
'If a building. Both can be restored at a cost. Sometimes 
the cost of restoration is high, and if we trace the materials 
that are used in rebuilding we may find that irreplaceable 
resources are involved in restoration. But, some improved 
techniques indicate that less of what we formerly 
regarded as permanent is actually irreparable loss. 

Because public funds are limited, we need to give a 
deal of consideration to alternative ways of achieving soil 
maintenance. In most areas there are several ways of 
conserving the soil and we need to determine which of 
these ways is most economical for the particular area and 
time that we are considering. The most economical alterna
tives need to be selected both in making provisions for the 
most probable future needs and in establishing a contin
gency reserve above those needs. 

Land that is not needed for crop production today 
could be held as a reserve by shifting to grass or timber 
uses. As already indicated, these shifts may involve re
conciliation of individual versus public interests in the use 
of land. But the cost of this reconciliation needs to be 
compared with other ways of handling a potential surplus 
problem. Under surplus conditions it is only the difference 

in cost that is to the cost of carrying a reserve. 
Impacts on current markets should not be ignored in 

consideration of conservation problems. If the market for 
cash crops is limited, ways should be found to hold the less 
productive acreage in reserve until it is needed. The cost 
of doing that actually may be less than other ways of 
meeting the problem. In that case food insurance for the 
social group is provided without a premium charge. 

The question still remains of how much in the way of 
resources the public can afford to invest in a contingency 
reserve when there is an active market for farm products 
and no surplus problems to worry about. It is assumed 
that the most economical methods of providing the re
serve are selected. The basic question then is how much 
of current income the public is willing to invest in in
surance against an uncertain future event. One 
son should be the need for public investments 
other hazards of uncertain occurrence. This may involve 
comparison with such measures as military protection. 

Decision as to the amount to be invested in a contin
gency reserve for future food needs, therefore, will vary for 
each society or nation, and according to its period of 
development. Nations with a relatively small food base 
will want to build up their food production resources to 
serve current and future needs before 
sider a contingency reserve. Such nations would 
high value on a reserve, but the cost of providing 
might be too high to meet from current income. 
limits to public investment in this field can be determined 
best in comparison with other future hazards. 

The United States Agricultural Conservation Program 

A. V. McCORMACK 

ABSTRACT 

Maintaining and improving the productivity of the land is essential to improving the living conditions of people. 
This in turn is dependent upon widespread use of technologies developed and discovered by science. 

In the field of soil and water conservation, which is the key to maintaining and improving the productivity of the 
land, the Agricultural Conservation Program has proven an effective and economical means of obtaining widespread 
application of conservation technologies. 

Two features of the programme are keys to this widespread use of "better conservation methods". 

{ 1) Financial assistance to farmers provides an incentive and makes it possible in many instances to carry out the 
approved conservation practices. It is not a dole, because the farmer has to provide at least half the "out-of-pocket" 
cost in addition to necessary transportation and labour. The assistance serves as a leaven in increasing conservation 
work on farms in the United States. The share carried by the United States Government represents the national interest 
in protecting and improving the country's soil and water resources. 

{2) Elected farmer committeemen in each agricultural county and community in the country provide a way to 
reach all the farmers of the country. These committeemen, elected because of their local leadership, provide an effective 
means of bringing to the attention of the farmers of the country the need for and the practical application of better 
methods of soil and water conservation. 

Through assistance to farmers and the farmer committee, the programmes of other agencies and organizations 
having to do with soil and water conservation are made more effective. 

Enough to eat. This is the great need of the world, the 
first and unavoidable hurdle in the path to progress. And 
the primary purpose of soil and water conservation is to 
help surmount that hurdle. 
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Anv evaluation of conservation that leaves out the food 
needS' of people is futile. If to prevent soil from blowing 
and washing away were the only objective, it might best 
be accomplished by allowing all our farm land to revert to 
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its natural cover of grass and brush and trees. Instead, 
soil and water conservation, as applied to agriculture, 
entails utilizing the land so that its productivity is not 
diminished. To improve standards of living and to meet 
the needs of an increasing population, soil and water 
conservation also means increasing productivity of the 
land in a great part of the world. 

Science has been far ahead in the march on the 
citadels of hunger. Progress has been phenomenal in im
proving strains and varieties of food and fibre plants, 
cultural methods, fertilizers, insecticides, fungicides and 
chemical weed killers. DDT, 2-4D, and hybrid corn have 
become bywords as symbols of scientific progress. 

Science also has led out in developing better methods of 
soil and water conservation. The improved methods of 
conservation adopted so widely here in the United States 
were developed by research scientists at agricultural ex
periment stations and laboratories throughout the world. 

But discovering or developing a "better way" is only 
the first step. Getting the "improved method" into every
day use by farmers in order to increase unit production or 
check land waste is the vital need in the struggle for better 
living for more people. 

Approximately 3 million of the nation's 5.8 million 
farmers are participating in the programme. This means 
that on about 3 million farms, individual farmers are 
carrying out sound conservation measures to protect the 
nation's productive land from erosion and depletion and 
to restore, maintain and improve its productivity. 

This programme is administered locally by elected 
farmer committeemen. Once a year elections are held. At 
these elections the farmers of each community elect a 
community committee and delegates to a county con
vention. At the county convention a county committee, 
consisting of a chairman, vice-chairman, member and two 
alternate members, is elected. They are all farmers, 
elected by their farmer neighbours. 

There are 3,030 county committees with 9,090 county 
committeemen and a total of 84,859 community com
mitteemen. There is a committeeman for every 35 farmers 
co-operating in the programme; one for every 68 farmers 
in the United States. 

The Federal law authorizing this programme contains 
this rather significant statement: 

"That it is hereby recognized that the wastage of soil 
and moisture resources on farm, grazing, and forest lands 
of the Nation, resulting from soil erosion, is a menace to 
the national welfare ... it is hereby declared to be the 
policy of Congress to provide permanently for the control 
and prevention of soil erosion." 

The law recognizes soil damage and soil wastage "as a 
menace to the national welfare" and provides a means for 
converting what is known-and what is learned-into 
what is done. A considerable part of the needed conser
vation is on privately-owned land. Land is owned in "fee 
simple" in the United States and the principles of demo
cracy would be violated should any semblance of force be 
used to induce farmers to carry out conservation practices 
on their own farms. 

Participation in the Agricultural Conservation Program, 
therefore, is voluntary and no farmer is required to co-

operate. Instead the programme provides a means for the 
nation to share the cost of needed conservation with 
farmers. It recognizes the obligation of the whole nation 
to share in the cost, as well as in the benefits, of assuring 
the continued productivity of the nation's farm land. 

The Government then is in fact the agency of all the 
people in a co-operative effort directed toward conserving 
farm land. Direct assistance to farmers, in the form of 
cash payments, provides the incentive for getting ap
proved conservation work carried out on the farms. This 
assistance is on the share-the-cost basis. The Government 
pays about one-half the cost. The farmer pays the 
other half and also provides the required transportation, 
machinery, and hand labour. Some of the conservation 
materials for which payments are made when used in 
approved conservation practices are limestone, fertilizers 
and seed. Services that are included consist largely of 
contract work in connexion with land levelling and the 
construction of approved terraces, dams and drains. 

One of the U.S. Department of Agriculture's leading 
soil scientists has the following to say on the influence of 
the programme in converting scientific knowledge into 
practical application: 

"It is true that soil deterioration is taking place on 
many soils-needlessly. Erosion is only one of the factors, 
no more important, perhaps, than declining fertility, ex
haustion of organic matter, or loss of soil structure. Yet, 
on the other hand, we know that many soils are being im
proved and are better now than they were naturally ... I 
suspect that the fertility and structure of our soils in the 
United States as a whole are not quite so good today as 
they were, but no figures are available. At any rate, we 
do know that we are not farming nearly as well as we 
could. At the same time, I am convinced that we are 
facing no catastrophe because of declining soil produc
tivity. Perhaps, one important reason is the extent to 
which, in my judgment, farmers have learned better 
practices through the Agricultural Conservation Program''. 
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The record of accomplishments brought about directly 
by the Agricultural Conservation Program indicates that 
this programme is a potent force in getting conservation 
farming established on farms in this country. 

Here are some of the measurable activities carried on by 
farmers under the programme in the thirteen-year period 
of its operation, 1936-1948: 

207 million tons of limestone applied on 115 million 
acres. 

17.5 million tons of phosphate (20 per cent equiv.) 
applied on 140 million acres. 

212 million acres improved by green manure and cover 
crops. 

40 million acres of pasture and range reseeded. 
802,000 miles of terraces constructed on 15 million acres. 
116 million acres of crops farmed on the contour. 
9,000 million sq. ft. of sod waterways constructed. 
375 million cub. yards of dirt moved in draining water

logged land. 
65,000 miles of tile drainage installed. 
4 million acres levelled for efficient use of irrigation 

water. 
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650,000 acres of trees planted. 
575,000 acres of woodland improved. 
These figures take on their full meaning when specific 

results are considered. In repeated instances the carrying 
::apacity of pastures has been doubled and the pasture 
season lengthened three to four months, the amount of silt 
in streams and rivers has been materially reduced, crop 
vields have been increased 25 to 50 per cent, worn-out 
land has been turned into prosperous farms, and the living 
3tandards of farm families have been greatly improved. 
These are some of the tangible results that stem directly 
from the adoption of conservation measures encouraged 
and made possible through the Agricultural Conservation 
Program. 

Dr. Robert M. Salter, Chief, Bureau of Plant Industry, 
Soils, and Agricultural Engineering, Agricultural Re
search Administration, U.S. Department of Agriculture, 
points to the record crops of 1948 as proof of the progress 
farmers are making in this country: 

"This year-1948-farmers harvested the largest total 
crop ever produced on American farms. That crop reflects 
no important expansion of acreage. Nor is it an accident 
of the weather. The weather was good, to be sure, but not 
dramatically unusual. Instead, this year's crop is the 
product of greatly increased efficiency on our farms-ef
ficiency resulting from the adoption, to an unprecedented 
degree, of improved technology derived from agricultural 
research." 

He points out that except for the most intensive crop, 
potatoes, the acre-yield of not a single one of the major 
crops increased appreciably during the seventy years be
fore 1937. There has been a substantial increase since that 
year. 

Then he goes on to say, "An important factor for real 
soil improvement has been the great increase in the use of 
liming materials, which now has reached about 30 million 
tons annually. During the decade 1937-1946, the farmers 
of this country actually applied three times as many tons 
of lime as the total applied to American soils up to that 
time. That this use of lime, by favouring the growth of 
legumes, has had a significant effect in increasing the soil
building qualities of our meadows and pastures cannot be 
doubted." 

As an indication of what the Agricultural Conservation 
Program means to the United States, the per-acre yield of 
crops in 1948 was up 51 per cent from the 1923-1932 
average. With the population in this country now well 
•Wer 148 million, an increase of 16 million since 1940, there 
;s hope in this demonstrated ability of American farmers 
to produce 51 per cent more per acre than they did twenty 
years ago. In this country we have reached the point 
where our frontiers are not farther west or farther south
but in the soil under our feet. 

I hasten to add right here that what we are doing in the 
United States, and the way we are doing it, fits in with the 
·:ondition we have in this country. There is no intention 
:o assume either that we have reached perfection or that 
•mr methods can be transplanted unchanged to other parts 
od the world. I am convinced, however, that the basic 
:nethod of operation through farmers themselves and 
-r:hrough farmer administration is something that is funda-
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mental regardless of longitude or latitude or the number 
of people per square mile. 

An evaluation of the Agricultural Conservation Pro
gram as a means of wide-spread adoption of technological 
developments in agriculture would not be complete with
out a consideration of cost. 

The $262 million appropriated by the Congress of the 
United States for the administration and assistance to 
farmers under this year's programme, if evenly divided 
among the 148 million people of this country, would be 
about $1.83 per person. Or broken down another way it 
amounts to a little less than 73 cents per acre of cropland. 
It must be judged too against the value of our farm out
put-a value which last year was nearly 20,000 million 
dollars. 

The real measure of accomplishment lies in the results. 
The cited examples of increased production tell part of the 
story. The sustained production in the years to come will 
be the real yardstick of how well we are maintaining our 
farm-production plant. Projecting the immediate past into 
the future leaves little doubt of continued and expanding 
effectiveness. The annual per capita expenditure that 
averages less than two dollars per person is a small premi
um to pay on an insurance policy that assures continued 
production. 

Nor can the programme be properly evaluated without 
considering other factors. The very material annual in
vestment in agricultural research and education pays off 
only to the extent that desired improvements are adopted 
by the farmers. The Agricultural Conservation Program 
then also must be measured in terms of its effectiveness in 
getting improved practices incorporated into farming 
systems. The degree of that effectiveness determines the 
returns from the entire investment. In this sense the 
programme is the low-cost efficient spark plug without 
which the vehicle will not run. 

There is, of course, the other alternative of no programme 
at all for ensuring continued abundant production from the 
soil. This has its appeal for those who prefer to close their 
eyes to tomorrow. But food is not in the luxury class. 
It is not something we can do without. It is vital and 
essential to the individual and to the State. A depleted 
soil means a depleted people and a depleted state. 

This is the basic reason for the Agricultural Conserva
tion Program in the United States. This is why people 
will contribute less than two dollars each to help 
the farmers carry out those soil management practices 
which ensure continued abundance. The return on the in
vestment is reflected in the 51 per cent increase in per acre 
yields, the 35 to 40 per cent increase in over-all farm pro
duction, and the 12 per cent increase in per capita con
sumption of food during the period this programme has 
been in operation. 
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Mlalo Rehabilitation Scheme 

J. B. CLEGG 

The Mlalo basin is situated at the north-western side of 
the western Usambara mountain mass in what is considered 
to be the driest part of the Usambaras. The basin is 
some 40 square miles in extent; it is overcrowded and is 
suffering from deterioration of the soil from various causes. 
The Scheme is to rehabilitate this basin by: 

1. Studying the habits and customs of the people by 
means of a village survey, and at the same time collecting 
vital statistics and, from the data collected, formulating a 
long-term policy for the future. 

2. Demonstrating and testing methods of land utili
zation and improved village life in a defined area. 

The Scheme was initiated in 1946 and it was finally got 
under way in 1947 when staff had been collected. There 
was opposition to the Scheme at first but during 1948 
rapid progress has been made, with firm backing from the 
Administration. 

VILLAGE SURVEY 

The village survey consists partly of the collection of 
vital statistics and a census. Vital statistics were collected 
for the calendar year 1948 and the census was taken by 
age groups, both projects having been completed. A 10 
per cent sample family survey is in progress, covering the 
same area as the census and vital statistics survey, and 
various aspects of the sample family's life. The samples 
are chosen by the random method in each village and com
prise: (1) at least one landholder and his family from each 
village; (2) from villages with a population of more than 
10 landholders, 10 per cent of the landholding families are 
chosen. 

The information is collected by a team of native "sur
veyors" who have passed standard X at school and who 
obtain the information required in the local Kisambaa 
language but record the answers in English on a series of 
forms. The questionnaire covers the following points: 

(1) Constitution of the family, and age, sex, clan, tribe 
and religion of its members. 

(ii) Medical data. (Medical data are also collected 
from the out-patients register of Mwangoi dispensary). 

(iii) Housing, sanitation and water supplies. 
(1v) Movements. 
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12. R. M. EvANS, The Perpetual Farm Problem, (Federal Reserve 
Board, U.S. -1949). 

13. NoRRis E. DoDD, Director-General FAO, Food, Farming and 
Peace, (Food and Agriculture Organization, United Nations-
1949). 

14. Dr CHARLES E KELLOGG, The Soil Men Live By, (U.S.D.A.-
1948). 

15. Dr. RoBERT M. SALTER, New Horizons for Agriculture, 
(U.S.D.A.- 1948). 

16. M. K. BENNETT, "Population and Food Supply", Scientific 
Monthly, Jan. 1, 1949. 

17. Soils and Men, U.S.D.A. Yearbook, 1938. 
18. Farmers in a Changing World, U.S.D.A. Yearbook, 1940. 
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(v) Income and expenditure. 
(vi) Food grown on family holdings. 
(vii) Land tenure, utilization and agriculture. 
(viii) Livestock. 
(ix) Education, marketing and labour employed by 

the sample family. 
The medical and veterinary parts of the survey are 

carried out by African officers seconded from these depart
ments. In addition officers of the Medical Department are 
carrying out nutrition and malaria surveys. The survey is 
nearing completion and it is hoped that all the figures will 
be ready for statistical analysis in mid-1949. 

DEMONSTRATIO~ OF LAND-USE METHODS 

The demonstration area, 650 acres in extent, consists of 
the smallest recognized administrative unit, namely a 
mtaa (Jumbeate). In this selected area the population 
comprises 69 adult males, 98 adult females, and 196 
children, giving a total of 363. There are 150 head of 
cattle, 30 sheep and 105 goats. 

The planned utilization which is being carried out en
tirely with paid labour is forest, 130 acres; cropping land, 
460 acres; fodder crops, 30 acres and pastures, 10 acres. 
The land utilization is determined by the slope and the 
nature of the soil. Broadly speaking, three main types of 
cultivation have been introduced and other more expen
sive methods are under observation. The main types are 
as follows: 

1. The lower slopes have ridge cultivation with vegeta
tive material in large quantities buried in the ridges once 
in a rotation of three or four years. 

2. The medium slopes have terraces and the width of 
these is determined by the thickness of the top soil layer, 
so that no subsoil is brought to the surface and all digging 
may be down the slope. Grass protection of terrace fronts 
must be used. 

3. The steepest slopes have ridges at narrow intervals, 
also with quantities of vegetative material buried in them, 
but these will evolve into bench terraces by the con
tinuous building up of the area behind the ridge with 
\veeds and plant residues until terraces are formed. 
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Slopes above 25 degrees are taken out of cultivation al
together and are either planted with forest trees for fuel or 
with bananas. In addition to these measures on cultivated 
land, all abandoned land which has already become too 
unfruitful from erosion has been brought back into culti
vttion, using the ridge with a large core of vegetative 
material buried within it to rot and so improve the soil of 
the ridge itself. 

Cattle have been excluded from the hillsides and are 
confined to the flat areas at the bottom of the valleys. The 
fringes of these valleys are planted with elephant grass. 
Housing for cattle has been constructed and all cattle are 
stall-fed. 

Domestic water-supplies have been arranged so that all 
the small villages are served by furrows and the drinking 
places for cattle and humans have been separated and 
precautions taken to ensure their cleanliness. The survey 

so far reveals that apart from malaria, hookworm and 
roundworm are the most prevalent of the ailments from 
which the people suffer and consequently latrines of 
proper depth and well situated are an integral part of the 
layout of the demonstration area. 

It is impossible at this stage to make any recommen
dations for the future. Nevertheless, it is apparent from 
the figures so far collected (but not yet analysed) that the 
belief that the country is overcrowded is no less than the 
truth, for preliminary figures show that the Mlalo Basin 
has a total population of 18,899, including absentees. The 
percentage of absent males, mostly at work outside the 
area, is 17.40. In one mtaa, a fairly large one, the average 
family holding is 5.01 acres split up into 10.41 fields with 
an average acreage of 0.48 acres each, and the slopes of 
these fields vary from 0 to 35 degrees. These figures appear 
to be fairly indicative of the whole area. 

The Soil Conservation Service in Colombia 

A. RANGHEL G. 

GENERALITIES 

Colombia is a tropical country due to the fact that the 
equatorial zone crosses the territory in the southern part, 
and, as this nation is situated between the tropics of 
Cancer and Capricorn, the climate would be torrid, humid 
and warm if many geophysical factors did not influence 
the flora and climate of this portion of the earth, making 
of the Colombian territory a masterpiece of beautiful 
scenery, striking contrasts, variable climate, diversified 
habitats and a range of altitudes from the sea-level up to 
the snow-capped peaks of the Andes. 

Speaking in general the territory can be divided into: 
The Andean Uplands, the Plains and the River Valley. 
The Andean Uplands are integrated by the plateaus, 
slopes, ravines and river trains of the Cordillera of the 
Andes. Here the climate ranges from 24 degrees C. 
(75.2 degrees F.) up to the frozen regions of eternal neva
dos. Most of the Colombian population is living in the 
Uplands looking for healthy environments. 

The Eastern Plains and River Valley Systems are the 
lowlands, the valleys of the large rivers that drain their 
waters into the Atlantic or the Pacific oceans. Here the 
temperature is more than 24 degrees C., on the average. 
An eternal spring prevails all the year round, as well as in 
the higher altitudes. Enormous hardwood forests and 
grassy plains cover the lowlands. Cultivation of rice, 
cotton, tobacco, sesame, cacao, bananas and meadows 
take place in many parts. 

THE COFFEE BELT 

At an altitude of 1,000 to 2,000 metres (3,300 to 6,000 
ft.), lies the Coffee Belt, right in the slopes of the Andes. 
Here the principal export crop of Colombia and the back
bone of its economy-coffee-is cultivated. The tempera
ture ranges from 18 to 24 degrees C. (64.4 to 75.2 degrees 
F.). The rainfall in the Coffee Belt is variable. In some 
regions like Caldas and Sevilla precipitation is abundant, 

8\l 

but in the Santanderes the ecological environment is 
rather dry. The soil is derived from volcanic ash, shale, 
sandstone and sometimes from igneous rocks. The best 
soil for coffee is derived from volcanic ash. 

In the Coffee Belt, Colombia produces around 6 million 
bags of coffee annually (62.5 kg. each), which represent 
an income of nearly $200 million. Coffee growers in this 
country are united in a private institution called the 
National Federation of Coffee Growers of Colombia. 

SOIL EROSION OUR NO. 1 EXEMY 

Erosion is the removal of agricultural soil by natural 
agencies like water, wind, glaciers, gravity, man himself, 
and so on. 

In Colombia, as in many other parts of the world, soil 
erosion is a tremendous problem that is attacking the base 
of the nation's future prosperity. Regions like Tunja, 
Yomasa, La Playa, Cucuta, Giron and Soacha possess ex
tensive areas where gully erosion has divided the soil into 
small areas, making it unsuitable for cultivation. 

On the slopes of the Andes where the ground is tilled for 
corn, wheat, barley, tobacco and potatoes, the rill erosion 
during a heavy shower washes away from 6 mm. to 12 
mm. (0.006 to 0.012 metres), of the layer of arable soil. 

Sheet erosion, united with the empirical cultivation 
practices of our farmers, will deplete the soil under the 
coffee trees during the next thirty to fifty years. This type 
of erosion is our worst kind because it takes away each 
year the best soil from under the feet of the farmer with
out his notice. 

According to Emil Grosse, in his study entitled "Official 
Geological Studies of Colombia", The Julius Berger Kon
sortium, through detailed studies, found that the Magda
lena River, passing in front of the Berrio Port (Antioquia), 
carries annually 40 million cub. metres of soil, about 72 
million tons. The above figures indicate that 2.3 tons of 
dispersed soil per second passes through this port. 
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FEDERACION NACIONAL DE CAFETEROS 
DEPARTAMENTO TECNICO 

CAMPANA DE DEFENSA Y RESTAURACION SUELOS 

COFFEE MAP OF 

COLOMBIA 
DE SANTANDER 

Figure 1. 

Recently, officials of the Colombian Government have 
calculated that, due to erosion, the ::VIagdalena River is 
dumping into the Caribbean Sea 250 or 300 hectares of our 
best arable soil during one day of the season. 

There is a common tendency, even among scientists, to 
believe that in the artificial forest formed by the coffee 
plantations there is no erosion problem. And that is true, 
provided that good shading is present, the ground cover 
abundant and the cultivation practices appropriate. But, 
in 90 per cent of the Colombian coffee plantations: (a) 
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shading is insufficient due to the fact that the farmer him-
self employs the shade trees often for fence posts, 
charcoal, fuel and building (b) the ground cover, 
especially in the drier zones, is scanty, (c) the slopes of the 
mountains where coffee is cultivated, have a gradient of 
50 to 70 per cent and more than 90 per cent in many cases, 
(d) and finally, weeding by the common hoe cleans the soil 
and by removing the top layer makes the land loose, 
friable and more subject to the damages of erosion. Be
sides, coffee farms suffer from severe erosion due to the 
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over-grazing of the pastures in the portions of land dedi
cated to clean cultivation. 

Figure 1 shows the regions where coffee is cultivated in 
Colombia, the numbers of producing trees and extent of 
new plantations. 

At the end of 1946, the i>I ational Federation of Coffee 
Growers of Colombia established the Soil Conservation 
~ervice with a budget of $1,200,000 (Pesos) annually. The 
Service has two main divisions: 

1. The Experimental Division, with headquarters at the 
Central Coffee Experimental Station at Chinchina (Caldas), 
investigates the important problem of soil erosion under 
tropical conditions. Run-off plots, grasses, leguminous 
plants and other anti-erosive measures are studied. 

2. The Field Division works in all the coffee-producing 
States through 16 Regional Offices whose headquarters 
are the following: 

Armenia 
Bogota 
Cucuta 
Medellin 
Popayan 
Ibague 
Sevilla 
Sons6n 
Aguadas 
Bucaramanga 
Moniquini 
Neiva 
Pas to 
Santamarta 
Salgar 
Santa Rosa 

(Caldas State). 
(Cundinamarca State). 
(N. of Sant. State}. 
(Antioquia State). 
(Cauca State). 
(Tolima State). 
(Valle State}. 
(Antioquia State). 
(Caldas Sate). 
(Santander State). 
(Boyaca State). 
(Huila State). 
(Narifio State). 
(Magdalena State). 
(Antioquia State). 
(Antioquia State). 

The Experimental Division is in charge of a specialist. 
An agricultural engineer, specializing in conservation, takes 
care of the work of the Regional Office and his aides 
perform the conservation works planned by the agrono
mist. A field director, or general supervisor, is in charge of 
all the work. 

THE WORKING PROCEDlJRE 

Due to the characteristic conditions of the country, Soil 
Conservation Districts are not established. The conser
vation works are performed by means of an agreement be
tween the farmer and the Coffee Federation. The coffee 
grower promises to learn the system of conservation and 
t(l help with 50 per cent of the cost. The Soil Conservation 
S·:rvice contributes: a technical study of the farm and 
advice; 50 per cent of the expenses, during a period of 
ftve years. A map of the farm is elaborated and given to 
tl1e farmer, when aerial photographs are not available. 

During the five years of the agreement, the Soil Service 
tries to educate the farmer in order to develop his interest 
and responsibility in these matters. After the contract is 
over, it is hoped that the coffee grower will go along 
ddending his soil and making his farm more productive. 
In the hands of the farmer remain, as guides for his future 
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activities, the "Plan of Action", and the "Soil Conserva
tion Map". 

The "Plan of Action" is a general document adapted to 
the individual needs of each farm. In it, the coffee grower 
\vill find what to plant in the different portions of his land, 
the conservation system to apply in each place and pre
liminary instructions on the reasons and methods of the 
practices advised by the Soil Conservation Service. 

The "Soil Conservation Map" is a simple sketch of the 
farm where the owner will find a practical classification of 
his lands, based on the "Land Use Capabilities Classi
fication". By means of this map he will know where to 
cultivate clean crops, where to locate the grazing fields, 
where to protect the forests, where to plant his coffee and 
where to perform the systems and practices that his farm 
needs in order to protect the soil and increase its annual 
yield. 

SPECIAL TECHNIQUE OF SOIL CONSERVATION 

Due to the special characteristics of the Coffee Zone in 
Colombia, already mentioned, it has been necessary to 
develop a technique of Soil Conservation that includes the 
general principles of Conservation used the world over 
(like rotations, contouring, strip-cropping, terracing, etc.), 
adapting it to meet the demands of a very rough topo
graphy, a singular crop as is coffee, tropical soils, the em
pirical systems of cultivation and the character and be
haviour of the people. 

Among the special practices are the following: 
1. Construction of individual terraces for the coffee tree 

on an average of 150 to 200 terraces per hectare, at a cost 
of $20 to $24 (Colombian pesos) per hectare. 

2. Construction of a shallow ditch (Cajuelas de Humi
ficaci6n) in a direction opposite the slope of the land and 
with the following dimensions: 1.20 by 0.40 by 0.40 
metres. This small ditch >vill conserve humidity, accumu
late humus and slow down the velocity of run-off water 

3. In order to promote the "Rational Use of the Land" 
in each individual region, our technicians are developing 
the "Land Use Capabilities Classification" trying to meet 
the particular conditions of Colombia Figure 2). 

4. To protect the soil, specially on acute slopes, we are 
propagating extensively a creeping indigo, the anil 
rastrero (Indigophera endecaphylla); Panamefia (Trades
cantia zebrina), etc. 

5. When a farmer insists on cultivating "clean crops" or 
"raw crops" on prohibited slopes, the Soil Service tries to 
diminish the damage done by erosion by means of: 

(a) Alternate plots of different crops (see Figure 3); 
(b) Buffer strips; and 
(c) Living barriers, etc. 
6. The use of rows of Pineapples, Palmicha (Carludovica 

palmata L), Bihao (Heliconia Bihai L), Pifiuela (Bromelis 
karatas L), Vetiver (Anatherum zizaniodes L. Hitcht), 
Limoncillo (Cymbopogon citratus D.C. Stapf), Arrowroot 
(A1arantha arundmacea L.), Carbonero Blanco (Leucaena 
glauca), etc. is advocated in coffee plantations for the 
purpose of diminishing the velocity of water and catching 
the soil that is going down the slope. In future these living 
barriers will form a bench-type terrace. 
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Figure 2. 

7. The practice of removing twice a year the topsoil in 
coffee plantations, cutting the weeds and burying them, 
should be avoided because on steep slopes-and in rainy 
weather-that practice contributes to heavy erosion of the 
worst type. Instead the weeds should be removed from 
under the coffee tree and, in the space between individual 
plants, the weeding should be done by machete. 

8. About 90 per cent of the coffee plantations in Colom
bia are without proper shading. The Soil Service is empha
sizing the importance of planting ingas and some other 
shade trees as well as bananas for .temporary protection. 
The shading with leguminous trees, like ingas, protects the 
soil against erosion, helps to produce more and better 
coffee beans and enriches the ground with nitrogen. 

9. The improvement of meadows and pastures in the 
Coffee Zone is of prime importance not only to prevent 
erosion of the soil, but for balancing the diet of the farm 
animals. After weeding the meadows, we recommend-at 
the beginning of the rainy season-the planting of 
leguminous seeds like meibomias and desmodizmts. 

10. As organic matter is such a help in the control of 
erosion, the Soil Conservation Service is doing an extensive 
campaign in the construction and utilization of dung heaps 
to obtain compost. 

11. Aside from individual terraces and hillside ditches, 
no other kind of terracing can be employed in the Coffee 
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Zone due to the rough topography and the nature of the 
crop. Occasionally, and in slopes not exceeding 22 per cent 
a kind of terrace developed by William Hull can be ap
plied (see Figure 4). 

12. Long ditches (Zanfas de Meteorizaci6n), are con
structed when the slope of the land under the coffee trees 
does not exceed 40 per cent to 45 per cent and if there is no 
danger of landslides. These ditches are maintained to 
break the length of the slope, to catch the eroding soil, to 
slow down the velocity of water, to help in weathering of 
the soil and to form humus. 

The Soil Conservation Service in the Colombian Coffee 
Belt indirectly tries to preserve the existing forests, to 
maintain the agricultural waters, to improve the meadows 
and pastures, to avoid or diminish erosion in the clean 
cultivated crops (corn, yuca, tobacco, bananas, arracacha, 
etc.), and to protect the soil under the coffee trees. 

THE PROBLEMS 

Two main problems are encountered by the Soil Conser
vation Service in the Colombian Coffee Belt: 

1. A great need for fundamental education, and 

2. The almost absolute impossibility of mechanizing the 
work. 
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USE PASTURE, FODDER CROPS OR TREES TO PROTECT SLOPING 
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Figure 4. 
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STRIP CULTIVATION 
PROTECTS THE LAND 
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Figure 5. 

In the matter of fundamental education, all conser
vation work will be lost in the long run, if an intensive 
campaign to educate the people is not carried on. Edu
cation of the people is the first step in conservation of 
natural resources. 

Under existing conditions in Colombia, fundamental 
education can be accomplished by the following media, 
in order of importance: 

(a) Practical demonstrations to the farmers in the so
called "pilot farms". 

(b) Education in conservation of resources for the boys 
and girls of grammar schools, high schools, schools for 
teachers and clubs. 

(c) The so-called bandos, or public meetings, sponsored 
by the mayors of the towns and villages are a great help in 
extending the knowledge of fundamental education to 
large groups of people. 
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(d) Talks on conservation with the farmers; conferences, 
discussion groups, slides in the movies, simple articles in 
the local newspapers. Pamphlets and almanacs are sure 
channels of education in order to instruct not only the 
rural and urban populations, but to develop in them the 
sense of their responsibility and the need for conservation 
of the natural resources. 

(e) The Soil Conservation Service of the National 
Federation of Coffee Growers of Colombia is developing an 
intensive campaign by the above-mentioned media and 
by: 

1. Atfiches or wall charts (see Figure 5), and 

2. Posting signs that read as follows: 

"NATIONAL FEDERATION OF COFFEE GROWERS OF 

CoLOMBIA rs DEFENDING THE SorL HERE". 
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Soil Conservation: An Economic Appraisar 

MICHEL CEPEDE 

HISTORY OF THE PROBLEM 

In their attempts to determine the "net product" of 
agriculture, the Physiocrats, who were the founders of 
modern political economy and who attached great im
portance to the necessity of conserving the fertility of the 
S•)il, made a point of deducting from production the "cul
L vators' return", one of the essential factors in the mainte
nance of fertility. They even went further and considered 
it advisable to deduct from the "net product" certain 
"landowner's advances" and "sovereign's advances", 
which the landowners and the sovereign were to devote to 
increasing the productive capital of the "common fund of 
the aggregate world harvest", of which it may be said, in 
the words of Baudeau: " ... It is in the obvious, general 
and perpetual interest of all mankind to ensure the con
tinual and progressive increase of this newly-harvested 
volume of produce ... , to maintain and keep it in its present 
state is an act of justice ... to effect its progressive and 
continual increase is an act of beneficence; to do it 
damage is a crime or an offence." 

It was possible to hold such views on the problem in 
Western Europe in the eighteenth century, and the opti
mism of the School and its faith in "enlightened man" led 
Du Pont de Nemours to think that the harm done to 
fertility throughout history could not recur in future: "It 
is impossible to conceive of a sovereign", he wrote, "or 
even to conceive of a man wishing to harm others with no 
gain, still less with obvious loss to himself and his descen
dants; that would imply determination without motive, 
effect without cause, or rather determination contrary to 
motive and effect contrary to its cause: it would imply a 
complete absurdity". Soon, however, under the influence 
of Ricardo, economists were to base their science on less 
pastoral tenets than did the Physiocrats; they over
looked production problems, and concentrated on ques
tions of markets and profits. At the same time, the im
mediate interests of the individual took priority over the 
permanent interest of the community. The exploitation 
of the land in "new countries" was not carried out on 
Physiocratic principles but under pressure of short-term 
interests, which dominated the expansionist phase of 
modern capitalism. The competition between products of 
the Old World and food products from regions where soil 
C• mservation was not thought of gave the problem a new 
aspect. The extent and repercussions of the American ex
periment attracted attention and proved that modern 
man was not only capable of destruction, but of much 
more extensive, thorough and rapid destruction than that 
which had already caused the downfall of some of the 
most brilliant civilizations. In 1856, Leonce de Lavergne 
"·as voicing the anxiety of American agriculturalists, in
c~uding the most famous founders of that great country, 
Jefferson, Madison, Washington and later Edmund Ruffin, 
and making a study of the economic consequences. His 
c- Jllaborator Lecouteux analysed the production costs of 

1 Original text: French. 
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the systems of intensive and extensive cultivation and 
finally adopted a policy for the protection of European 
agriculture that differed entirely from his original theo
ries. Between 1870 and 1890 certain authorities and the 
"American Association for the Advancement of Science" 
took up the warning uttered by agricultural experts; in 
1880, William Crooks, President of the "British Society 
for the Advancement of Science", in 1881 the "American 
Forestry Congress" and in 1884 the "American Forestry 
Association" followed their example. 

As in Europe, the tendency among American economists 
concerned with agricultural problems was to reject the 
deductive studies of the dominant British and Austrian 
schools, to rebel against the individualistic attitude of 
laisser Jaire, and to be mainly attracted by the work of 
Germans in the field of national economy. 

Among these "rebels" were Richard T. Ely, Simon 
M. Patten and F. ]. James, who in 1885 founded the 
"American Economic Association". These economists 
were greatly influenced by European forestry experts. In 
France a body called Maitres des Eaux et Forets had been 
set up at the end of the thirteenth century, and European 
foresters had in fact practised conservation for over a 
thousand years. The lectures on applied national economy 
and political economy delivered by Professor Karl Knies 
at Heidelberg gave special prominence to forest manage
ment, and American forestry experts attended courses at 
the "Ecole Forestiere" at Nancy (Gifford Pinchot) or at 
Tharandt's "Forstliche Hochschule". As the late L.A. Sal
ter, Jr. pointed out, the "Revision Act" of 1891 was a 
turning point in the economic policy of the United States: 
the "American dream" came to an end and the era of 
conservation began. After R. T. Ely and T. N. Carver, 
H. C. Taylor, whom Leon Drescher dubbed the "father of 
rural economy" in the United States, B. H. Hibbard, 
L. C. Gray, ]. D. Black and 0. E. Baker were the first to 
deal with conservation problems from the economist's 
point of view. The conservation programmes which are 
the soundest basis of the "New Deal" in agriculture have 
provided fresh subjects for economic study and as a result 
problems of erosion and loss of fertility have come to be 
regarded as something other than an accident in the 
history of the United States. The work of agronomists 
and geographers showing the importance of the pheno
menon in all countries recently brought under cultivation 
has been emphasized, and the work of historians serves to 
corroborate A. Woeikoff's remark that "more than half of 
the human race lives between latitudes 20 degrees North 
and 40 degrees North, that is to say, in a strip of territory 
which includes most of the deserts of the northern hemi
sphere" (L. Febvre and L. Bataillon). Many brilliant 
civilizations, from China to Costa Rica, occupied that 
zone, contributed to its destruction and disappeared, 
leaving mere traces of their ephemeral grandeur in the 
midst of deserts. ~ ew studies are now being carried out to 
estimate the economic importance of conservation both 
for society and for the farmer, and to find a basis for 
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sharing out the costs of programmes for the conservation, 
reconstitution and improvement of soils. Achievements 
such as the Italian land improvement schemes and es
pecially the T.V.A. by their claim to serve as a yardstick, 
have given rise to many investigations and controversies. 
In 1939 Arthur C. Bunce began to publish a series of 
works which resulted, in 1942, in his "Economics of Soil 
Conservation". I was, at the same time, working in capti
vity on a study, begun by me in 1927 and which reviews 
the concept of the Physiocrats in the light of recent dis
coveries; it is entitled "D~t Prix de Revient au Produit net 
en Agriculture - Essai d' une theorie de la Production" 
("From Cost Price to Net Product in Ag1iculture-An 
Attempt at a Production Theory"). The Hot Springs 
Conference and the establishment of F AO brought these 
problems into the sphere of active international collabo
ration. At the same time it became apparent that non
Mediterranean Europe was also threatened by erosion. 
The first systematic study of losses due to erosion was 
made in Russia (the Tula expedition of 1908-1914), and 
Alwin Seifert refers to the "steppisation of Germany". 
Finally, even apart from the spectacular ravages caused 
by erosion, the loss of humus has considerable economic 
effects. 

THE QUESTIO~S TO BE SOLVED 

This brief historical review of the economic problem of 
soil conservation suffices to show it is not a simple one. 
Loss of fertility is not the only loss involved; it has con
siderable repercussions of a more or less direct nature, 
such as erosion, the lowering of water-levels, floods, 
epidemics, and even changes in climate. The economic 
appraisal of such phenomena is not an easy matter. 
1. Basis of appraisal: In the first place, it is by no means 
certain that natural evolution without action by man 
would always be progressive. The question therefore 
arises whether the basis for our calculations is nature as it 
would evolve in the absence of man or whether we should 
take as our foundation the maintenance of soils and of 
their fertility at the level at which we found them. The 
adoption of the second solution would be tantamount to 
admitting that, if evolution is naturally progressive, we 
have the right to take, as a free gift of nature, what she 
tends to amass in the form of increasing fertility and, if 
evolution is regressive, we should, on the contrary, combat 
that evolution by capital expenditure in the form of con
sumer goods. 

The answer cannot be the same in all cases. The erosion 
of high mountains which are inaccessible to exploitation 
by man or can only be extensively exploited, may seem to 
be a source of wealth for humanity, especially if it is in
telligently controlled. No one would propose to check 
erosion in the Himalayas, the roof of the world, a mine of 
wealth for the over-populated plains that they dominate; 
at most some degree of control would seem necessary. 
Similarly, a programme of systematic conservation in the 
Upper Nile Basin might be more injurious than beneficial 
to humanity. Italian agriculturalists have succeeded in 
bending erosion to their own use and have even provoked 
it in the Apennines, in order to enrich the arable land 
below; their methods will certainly enable certain tropical 
regions which are now rendered barren by laterite for-
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mations to be tilled in future. Thus, in estimating the 
value of a project it is important not to consider too small 
a zone, but to take the whole of the region over which its 
influence might extend. 
2. Possibilities of implementation: Choice of methods: 
The consideration that, in order to maintain fertility, it 
may be advisable to combat natural regressive phenomena 
by means of capital expenditures, raises the question of 
whether soil fertility should be improved in order to feed a 
potentially larger population, to feed the existing popu
lation better, or both to raise a population's standard of 
living and to enable it to expand. Even if soil fertility is 
considered as an intangible factor, it is essential to be able 
to deal with this problem, which is the basis of all political 
economy and which, generally speaking, takes the form 
either of capital expenditure or of consumption. It is the 
classical problem of whether an investment programme 
can be carried out. When such a programme is envisaged, 
a choice has to be made between the methods to be used. 
This choice is determined by economic estimates, both 
from the point of view of society and from that of the 
entrepreneurs concerned. 
3. Distribution of costs and profits: Finally, if the choice 
indicated by the interests of society is not compatible with 
the potentialities and/or the interests of entrepreneurs, it 
is necessary that costs and profits should be distributed so 
as to bring individual and general interests into conformity 
with each other. This necessitates economic appraisals. 

ESTIMATES TO BE MADE 

These estimates may be divided into five groups: 
1. Estimates of fertility, or classification of land, which 
give rise to two types of problems: 

(a) Basis of the estimate: pedology and especially 
phyto-sociology may provide a solid basis, but allowance 
should also be made for susceptibility of the soil to de
struction (e.g., slopes); 

(b) The economic unit which will serve as a basis for the 
estimate. We think that this unit should be sought by 
considering the expenditure necessary for progressing 
from one stage to a higher one. These data would enable 
us to estimate the cost of reconstruction or improvement 
and thus to make a useful comparison with the cost of 
conservation. Classification and a census made on this 
basis of the soils of the world are essential for the scientific 
study of the economic problem of soil fertility. 
2. Estimates of real productivity: It should be possible to 
compare various methods of cultivation of a given soil on 
the premise that the final conditions are identical with the 
original conditions. For this purpose the various methods 
of natural production units should be studied and a choice 
be made between them. 
3. Estimates of the indirect consequences, both in the im
mediate present and on a long-term basis, of the destruc
tion of soils. 
4. Estimates of the indirect consequences, both in the im
mediate present and on a long-term basis, of the conser
vation and improvement of soils. 
5. Estimates of the remunerativeness of the various systems 
from which entrepreneurs can choose. Needless to say, 
remunerativeness, which is the basis of the entrepreneur's 
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economic choice, is not necessarily related to actual or 
even apparent productivity, apart from the conser
vation of land capital. An increase in productivity may 
be absorbed by the payments made as rent to the suppliers 
of the agricultural entrepreneur, including landowners 
(ground rent) and salaried labourers, whose prices may be 
nised, or-as a result of a fall in the prices of the products 
S•>ld-by what Pigou has aptly called "consumers' in
come". On the other hand, a fall in productivity may in
volve an increase in the remunerativeness of the enter
prise, especially under the influences, as stressed by 
Gregory King, of rigidity of demand on prices. 

It will depend on these various estimates whether a 
complete economic study can be made both of the possi
bilities of a policy of conservation or improvement and of 
the most equitable distribution of the costs and profits of 
such a policy. The calculations which will have to be 
made for this purpose on the basis of the data defined 
above will not differ from those upon which the scientific 
cl10ice of any economic policy is based. 

CONCLUSIONS 

Probably no comprehensive or sufficiently accurate 
economic estimate of soil conservation can be made at the 
present time in every case. It will often be necessary to be 
content with qualitative estimates of certain important 
aspects. Nevertheless, agreement can often be reached on 
the methods and units to be used, and such agreement 
would be useful, since it would facilitate compilation of · 
and especially comparisons between the balance sheets 
requisite for the scientific study of each plan and for the 
supervision of its economical implementation. 

It is not amiss, however, to point out that we now know 
the course to be pursued and realize that, although the 
estimates that can be drawn up now may be incomplete, 

prove to us that the conservation and even the im
provement of soils is essential to the progress of human 
welfare. The resulting economic balance sheet should be 
positive, if the purpose of economy is mdeed, as A. Smith 
said, that of "enriching the people and the sovereign", i.e., 
mankind as a whole. 

The Co-ordination of the Best Soil Management Practices into 

Unified Farm Management Plans 

PROFESSOR J. D. BLACK 

ABSTRACT 

Farm management planning calls for much more than fitting together good soil management practices. Commonly 
the farmer and his family are more important than the land. Even the buildings, in these days of high building costs, 
may be more determinative than the condition of the land. Usually there is a wide range of alternative practices or 
intensities of application of the given practices, among which a choice must be made according to which will contribute 
most to the long-run net return. Land can be maintained at different levels of productivity, and at any given time, in 
a given state of a country's demand for food and other products of the soil, a particular level of productivity represents 
the optimum. This may not give maximum preservation of the soil. 

The time-span over which to figure the optimum may be different for an individual farmer, especially if he is oper
ating under a short-term lease, than for the nation. In general, however, the interests of an individual owner-operator 
and of the nation run closely parallel. In cases where they do not, the nation is warranted in making the contribution 
to cover the difference. 

The Soil Conservation Service plans, although commonly designated as "complete" are not complete in the sense 
of working out the optimum combination of farm enterprises and land use. They can, however, ordinarily be co-ordi
nated into full farm-management and land-use plans without serious adjustment. The most complete farm plans 
developed in the United States have been in connexion with research projects such as the plans for 239 New England 
dairy farms in a joint project of Harvard University, the six New England Land-Grant Colleges, and the United States 
Department of Agriculture. Next most complete are those developed for tenant-purchase farms under the Farm 
Ownership program of the Farmers' Home Administration. The "balanced farming" plans of the Missouri Agricultural 
Extension Service are only as complete as can be made with the farmers themselves doing most of the planning. The 
Test Demonstration Farms of the TVA are gradually becoming complete farm plans. 

I shall have to begin my assignment by making sure 
that we understand it alike. I fear that there is great 
danger, especially from the context in which the assign
ment appears, that many persons will interpret the sub
title to mean simply trying to fit together the soil manage
ment practices that are "best" technologically. Techno
logically, the best rotation system presumably is the one 
that maintains the structure and texture at its highest 
level of perfection; the best fertilizer application may be 
one that combines with the foregoing the maximum yield 
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per acre; and the best erosion-control practice the one 
that permits the least displacement of soil particles. 

Instead, the very essence of the problem assigned to me 
is to determine, in any given economic situation, the com
bination of practices which will yield the highest net 
return over the time-span chosen. One cannot, therefore, 
really determine that any soil management practice is best 
until he tests it in relation to its effect on net return. 
Usually there is a wide range of alternative practices, or 
intensities of application of a given practice, among which 
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a choice must be made according to which will contribute 
most to the net return. The combination of all these that 
meets this test is properly called the optimum and is so 
referred to in this paper. It may not give the maximum of 
many things, including preservation of the soil. 

On the farm plan that I am looking at now, which 
happens to be for a 204-acre farm in Worcester County, 
Massachusetts, there is, first of all, a very real choice as to 
the use to be given to several of the fields, whether to 
leave them in their present use, which may be a brushy 
pasture, or open stony pasture, or poor hay land; or to 
fence them off and let the trees come in; or to use a bog
harrow on them and lime, fertilize and seed them to some 
pasture mixture; or to remove the stones and convert 
them to cropland. The central portion of the farm is a 
large drumlin which has been used in different rotations, 
some of four or five years and including silage com, some 
much longer and including a year in oat hay for reseeding 
purposes. Some erosion has occurred when steeper slopes 
have been used for silage com. Shall this farm continue to 
grow com or shall it rely on grass silage? If the first, strip
cropping will be needed on two of the fields. The whole 
field layout is subject to wide variation: What stone 
fences will be removed and what fields consolidatecl~ancl 
how will the fields lie with respect to the Then 
there is considerable choice as to the pasture and hay 
mixtures to use~how much to depend on ladino dover, 
on alfalfa, on brome grass etc. The yield of any of the 
crops and the carrying power of the pasture will depend 
upon the rate and frequency of fertilization. 

Of course, basic to all decisions of the foregoing sort are 
decisions as to the size of the farm business to be maintain
eel on this farm. Involved in this is a decision whether to 
repair and enlarge the present bam or build a new one. 
Basic to both of these is a family decision as to whether to 
develop this farm as the future business and home of the 
second eldest boy in the family, or merely of the present 
owner-operator with dependence upon hired labour. 

When we first analysed this farm business in 1938, we 
presented to the farmer and his family six different com
binations as alternatives to his management plan at the 
time. These would have provided a range of from 37 to 56 
cows, from 14 to 22 calves and heifers, from 55 to 82 acres 
of cropland, 10 to 31 acres of open improved pasture, 140 
to 197 tons of silage, 70 to 133 tons of hay, 207,000 lb. to 
307,000 lb. of milk annually, labour inputs of 29 to 36 
man-months, expenditures ranging from $6,700 to $9,800 
per farm, and net returns from $2,150 to $5,025. The farm 
at the time was keeping 26 cows and 8 heifers and had a 
net income, figuring expenditures and receipts at the same 
price level as in the foregoing, of $1,400. 

The family chose as its most feasible plan one that the 
farmer and his bov could handle with one hired man, that 
called for keeping 37 cows and 14 calves and heifers and 
using the old barn after some remodelling, and that 
promised a net return of $2,150. 

Cpon our return to this farm two years ago, we found 
that this farm family had the 37 cows and had partly 
developed the rest of the plan adopted in 1938, and that it 
was now planning to build a new barn and adopt Alter
native 5, which calls for 52 cows, 82 acres of cropland and 

··---~··-----

32 acres of improved pasture. The boy was home from the 
wars and preparing to take over the farm in due time. 

As for the farm woodland, the farm in 1938 had only 8 
acres of real woodland, but 126 acres of brushy and wooded 
pasture. The alternative adopted at that time called for 
fencing off part of the woodland pasture and improving a 
small fraction of the brushy pasture. Alternative 5 calls 
for 26 acres of brush pasture and 63 acres of woodland. 

This example surely makes clear that farm management 
plans call for something much more than fitting together 
some good soil or woodland management practices. Com
monly the farmer and his family are more important than 
the land. Even the buildings, in these days of high build
ing costs, may be more determinative than the condition 
of the land. 

Some of you may be ready to object at this point that 
the foregoing analysis seems to have been made in terms 
of the farmer's current money income, and saying that 
surely there are values that go beyond this. Perhaps it 
needs to be explained that the estimates of costs and re
turns used in the analysis were not for the next two or 
three years only, but looked forward to effects on the land 
and its yield as far into the future as the family and his 
son's family would be interested in them. The woodland 
plans looked eighty years ahead. 

It should be obvious also that many things besides the 
money return were taken into account by the family in 
making its decisions. But it is highly important that the 
family know the money equivalent of the different alter
natives so that it can weigh other values along with them. 

Farm planners must, it is true, sometimes make plans 
with a shorter time-span than the foregoing~as for ex
ample, when they make a plan for a farm for a tenant 
operating it under a poor lease that provides no compen
sation for unexhausted improvements. Even in such cases, 
they should present an alternative longer-run plan for the 
enlightenment of the landlord. 

Other situations will also arise in which the farmer and 
his family want to do their planning, and reasonably so, in 
terms of a shorter time-span than represents the public 
interest. It is to some extent because of this that carefully 
devised programmes of supplemental conservation aids 
have an important place in national programmes. (I 
should add at once, however, that the more important 
reason by far for such aids is not differences between in
dividual family and the public interest, but either the 
failure of our adult education programme to reveal to the 
family through such planning as here outlined their true 
interest in the future of their farms, or their inability to 
finance conservation measures which they recognize as 
desirable, or a combination of these two.) Conflicts be
tween family and public interest will arise much more 
frequently in the case of timberland than of farm land. 
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There will be a much larger number of situations in 
which good planning will show that the family and public 
interest run closely parallel, but in which some person 
calling himself a conservationist, concerning himself with, 
or comprehending only, the technology of conservation, 
or imbued with the false ideal that land must not be allow
ed under any circumstances to decline in productivity, 
will insist that the family is operating against the public 
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interest. There appear to be some highly basic concepts
like the principle of comparative advantage in inter
national trade-that we shall never get a sufficient number 
of even our fairly educated citizens to understand well 
('nough. The one that concerns us here is that to conserve 
a resource does not mean to refrain from using it, but in
stead to use it in such a waythat future and present together 
get the highest utility from it over a period of time. 

Just as the woodland plans drawn up for some of the 
farms will provide for harvesting some mature trees even 
though it may be ten to twenty-five years or more before 
the new growth of timber on the farm replaces the cut, or 
allow the barns to depreciate year after year until they 
must be replaced entirely, so 'Yill there be farm plans 
which take more plant nutrients from the farm than they 
replace in the near future. This will most often be true on 
soils like the chernozems and prairie soils of the United 
States. Such a statement as this will even more likely be 
true if we are speaking in terms of particular plant nutri
ents. 

It is always enlightening when dealing with this aspect 
of our problem to recall the words of General Francis 
A. Walker, foremost economist of the United States at the 
time, in his preface to the 1880 volume of the United 
States Census of Agriculture, remembering as we do so that 
he was thinking in terms of the long-run public interest: 

"Down to this time our apparently wasteful culture has, 
as I have sought to show, been the true economy of the 
national strength; our apparent abuse of the capital fund 
of the country has, in fact, effected the highest possible 
improvements of the public patrimony. Thirty-eight 
noble states, in an indissoluble union, are the ample 
justification of this policy. Their schoolhouses and 
churches, their shops and factories, their roads and bridges, 
their railways and warehouses, are the fruits of the charac
teristic American agriculture of the past. 

"But from a time not far distant, if indeed it has not 
already arrived, a continuance in this policy will be, not 
the improvement of our patrimony, but the impoverish
ment of our posterity." 

If General Walker had been writing a preface to the 
Census of 1940, he might have written in precisely the 
same vein, again saying that the exploitation of the past 
had been sound national economic policy, but that the 
point has now been reached, and so forth. Conceivably 
some commentator another sixty years from now will be 
moved to write in the same way. 

The basic principles involved are simply these, that land 
can be maintained at different levels of productivity
StJme cotton lands of the South, for example, at levels 
giving yields all the way from 150 lb. to 500 lb. per acre
and that at any given time, in a given state of a country's 
demand for food and other products of the soil, it pays to 
maintain the soil at a certain level of productivity. If all 
the cotton land in the United States were maintained at 
the maximum level, the supply of cotton would depress 
\\ orld cotton prices to 6 or 8 cents per lb. There is a similar 
most advantageous maintenance level for Corn Belt lands. 
To exploit or mine them in their virgin state until well 
down to such a maintenance level has commonly been 
g Jod national economy. 
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It follows from the foregoing that in our planning of 
farms, more often than not we come to the happy result 
that the system of land management that pays an owner
operator best is also one that also accords with the longer
term public interest. It simply does not ordinarily pay a 
farmer to let the productivity level of his farm fall very far 
below the optimum level. On virgin soils of high natural 
fertility, such as in the heart of the Corn Belt, this may 
permit taking more out of the soil than is put back for 
several decades, but not elsewhere. Except in such areas, 
the farm that is running down, as a result of heavy 
cropping and small replacement of plant nutrients, or 
from excessive erosion, declines in profitability within five 
to ten years. 

A positive form of statement of this same proposition 
may be more meaningful. Take any farm at random any
where in the United States and work out for the owner a 
plan with its operator that promises to maximize its net 
return over even as short a period as five or ten years, and 
the chances are at least four out of five that this plan will 
build up rather than lessen the productivity of the farm. 

We at Harvard University have just finished testing out 
this proposition on 239 dairy farms averaging 225 acres in 
14 areas in the six New England states. The plans worked 
out with the farmers promise to increase the net farm in
come by exactly one half. They call, on the average, for 
only a 2 per cent increase in the acres in crops, and for im
proving, by fertilization and seeding to better grasses and 
clovers, and a little clearing away of brush and stones, an 
additional 17 acres of pasture land per farm, and 11 acres 
of hay land. The average forage production of these farms 
will be increased from 135 to 192 tons, the number of milk 
cows from 24 to 31, and the production of milk per cow 
from 6,700 lb. to 7,400 lb., with a 5 per cent decrease in 
purchased grain per cow. An average of 98 acres of wood
land per farm put under simple and not very intensive 
management will double in output and return 40 per cent 
more per man-day of labour. 

Could the productivity of these farms be raised still 
further? Very easily. Then why do not the plans provide 
for this? Because the market for the milk will absorb a 
larger volume than planned only at too low prices. The 
productivity level designed for these farms is the optimum 
as defined earlier. Perhaps it needs to be added that this 
optimum has been rising on the better lands of New Eng
land for the past fifty years because the market for fresh 
milk and other perishable and bulky products has been 
enlarging with the growth of cities. 

A similar analysis in most parts of the United States 
would show closely parallel results. Nearly everywhere 
the limit on improved management would be set by the 
market for the farm products. 

While the foregoing accurately describes the prevailing 
situation in the United States, thousands of farms in al
most any large block of countries are suffering serious loss 
of productivity at any given time. A large fraction of 
these are farms rented under leases that in effect offer in
ducements to tenants to abuse them. Another large 
fraction are farms too small, especially if size is measured 
in net product, to finance needed improvements or ad
ditions to capital. Others are farms operated by men too 
old to make improvements. It is highly important for the 
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country and its people that the losses from all of these additional land, or renting it under reasonable tenure 
sources be checked. It is for this reason that we econo- arrangements. 
mists in the United States support vigorously the present Perhaps a final clarifying statement may be needed as 
conservation programmes-not because we are fearful of to the relation of such planning to "conservation". Some 
world hunger. may be inclined to ask if, after all, the farm plans des-

A corollary of what has been said thus far is that pro- cribed really are conservation plans. The answer is that if 
grammes for improved land use must be developed in they are sound farm or land-use management plans, they 
terms of management units. It is ordinarily not possible to provide all the preservation of the soil that is good 
say what use for a given piece of land is its best use until national, or international, or social economy. In cases 
we decide the size and form of organization of the unit in where there is a difference between the individual family 
which it is going to be managed; nor, similarly, what soil and the national inte1est, the nation should be prepared to 
management practices will be optimum. To illustrate: step in and underwrite this difference. International and 
broken up into small units of around IOO acres, the rolling national in this connexion are the same for all reasonable 
lands of south central Iowa in the United States will need purposes. If any person calling himself a conservationist 
to be strip-cropped and terraced in large measure in order wants more preservation of the soil than this, he will have 
to grow enough corn to feed enough livestock to enable the to justify it on cultural, aesthetic, religious, sentimental or 
farm family to make a living; in units of 320 acres, only other such grounds. 
the nearly level and gently sloping lands will need to be The question may be asked as to the relation of such 
planted to corn, the rest being kept in small grains, pasture plans to the plans made by the Soil Conservation Service 
and hay mostly. Or included in a big plantation, virtually (SCS) in the United States. Although these latter are 
all the land in an area may be in one crop, but broken up commonly referred to as "complete" farm plans, they are 
into family economic units, it may be growing two or complete only in the sense that they cover all the land 
three crops and supporting a livestock enterprise besides. within the farm boundary. Also within the farm bounda
A plan that I have before me presents the alternatives of ries, the SCS plans are largely confined to the use to which 
distributing a strip of irrigated land along a stream among the different fields are put, the vegetative cover, the 
the ranches back from the river and using it to grow winter control of the movement of water and the like. The plans 
forage, or organizing it into complete units that will com- do not usually cover the livestock use of the feed produced, 
bine sugar beets and dairying. Another offers the choice or the buildings, equipment and labour supply. No 
of dividing a 1,000-acre tract of woodland among the budgets of receipts and expenditures and net returns are 
adjacent dairy farms and trying to operate it as one forest worked out and there is no testing of alternatives from 
farm. this point of view. 

Another highly vital point is that any really complete The SCS type of plan can, however, ordinarily be co-
land-use plan for an area or tract of land provides a use for ordinated into full farm management and land-use plans 
all of it. This use obviously cannot be determined until the without serious adjustment. All of the 239 New England 
management unit is known. Given such use and the units dairy farm plans have been co-ordinated in this way. In 
for it, then and then only can one determine the combi- some cases, an SCS plan had already been made, and the 
nation of soil management and other practices that pro- changes called for to attain the most advantageous use of 
vides optimum return. the farm and family resources were co1nmonly of the 

The foregoing does not mean that the planner must following sorts: (a) In the rotation system, that either 
make the final decisions as to the use, the management substituted some annual hay crop for corn, or vice versa, 
unit, and the practices. These should be made, in our and more usually the first. (This sometimes meant the 
American way of thinking, by those who are to make a difference between strip-cropping or not.) (b) In the use of 
living on the land. But the planner is not performing his different fields as between crop and pasture use; or pasture 
task adequately until he has worked out the alternatives and woodland; (c) in the extent of the land-clearing, stone 
and shown clearly what they mean in terms of expendi- or stone fence removal, and the like; (rl) in the seeding 
tures, labour inputs, returns and the like. mixtures suggested; (e) in land to be included within the 

Most of planning analysis is for established farming farm. If the farm management plans were made first, the 
areas and finds a pattern of management units already SCS technicians accepted the decisions already made with 
pretty firmly fixed. The planning itself must for the most respect to the foregoing and worked out the physical 
part center around particular operating farms already details to go with them. Any differences that arose were 
more or less developed. Many of these farms, however, easily reconciled. 
offer considerable latitude in adaptation. Of the 239 dairy In most other regions, it is true, the differences in land 
farms planned in New England, more than half of them use and soil management practices between SCS plans and 
are consolidations of two or more farms operating sepa- the kind outlined in this paper are likely to be more im
ratelv in 1850, and a third of them are more recent con- portant. After all, New England has relatively little 
solid~tions. A fifth of a group of around a hundred farms erosion. Nevertheless the plans should be reconcilable in 
planned in one county in southern New England in 1938 all regions. It should be apparent that if the plans call for 
have since been absorbed into other farms with the farm- any important physical work on the land--terracing, 
house more commonly being used as a residence for a non- strip-cropping, diversion ditches, meadow-strips, tree 
farm worker's family. The right kind of individual farm plantings, land-clearing and the like-and either is to be 
planning can give needed direction to these changes. The made before the other, it should be the full farm manage
plans for a sixth of the 239 farms call for the acquisition of ment plan. If this plan is impossible without more erosion 
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than is consistent with the objectives of conservation as 
stated in this paper, some reconciliation will be needed. 
The need for such reconciliation if this procedure is 
followed will be infrequent. 

The best procedure of all is to have the planning done by 
a team consisting of farm management specialists and an 
agricultural engineer skilled in handling problems of 
water control, with such help from agronomists, animal 
husbandmen, foresters and the like as may be needed 
in a particular locality. After any such team has worked 
together for a year, its members will have learned each 
other's methods of analysis sufficiently so that they will 
not all need to go together, or even separately, to many 
of the farms. 

The question may be asked as to whether detailed soil 
maps showing soil series and types are needed as a basis for 
farm planning. The answer is that they are desirable but 
not indispensable. Farm planning should not be post
poned in any area until it has been soil-surveyed; or until 
a soil map is made for each farm planned. It will be highly 
important, however, to call in a soils specialist and have 
him classify the soils in the area and indicate their occur
rence and management problems. In the New England 
farm planning, SCS technicians made such detailed maps 
for each farm, using aerial maps as a base. Classifying the 
soils into "capability classes" after the soils maps are 
made, as done by the SCS technicians, is intended to serve 
as a guide to farmers who may find the details of soil types 
too confusing. 

How does the kind of farm plan outlined in this paper 
compare with the kind made for the TVA "test-demon
stration" farms in the United States? The TV A farm 
plans at the start were very far from full farm manage
ment plans. They did not, for example, develop the live
stock phases of such plans, and there was little budget 
analysis of alternatives. They are now slowly moving in 
the direction of full planning. One reason for this slowness 
is that those in charge of this part of the TVA program
me have placed so much emphasis on farm account books 
that not enough time and resources have been left for the 
much more essential planning analysis. 

The farm plans made in the United States that are most 
like those outlined in this paper are those made for the 
Farm Ownership Program of the Farmers' Home Ad
ministration (FHA), formerly called Farm Security Ad
ministration (FSA). These plans became the basis of loans 
to enable tenants or farm labourers to purchase farms-in 
recent years, mostly veterans-or to enable families with 
too small farms to buy additional land. They cover the 
farm land and buildings, and livestock and equipment. 
They go beyond the plans outlined in this report in that 
they include the farm dwelling and what has come to be 
called "home planning" in the United States-that is, 
planning the expenditures upon family living and farm 
production for the use of the family. The budgeting ana
lysis is not as thorough as that for the New England dairy 
farms. 

small-scale experience at the start how to do the job best, 
and second, the inflated prices of farms in recent years. 

The farm plans used as a basis for the so-called "re
habilitation loans" of the Farmers' Home Administration 
to disadvantaged or low-income farm families are likewise 
"farm-and-home" plans. But the numbers of such loans 
made during the depressed 1930's were so large that only 
more-or-less stereotyped planning was possible. Over a 
half million of such plans were made in the latter half of 
the 1930's. Nevertheless, the repayments have run well 
over ninety per cent of those scheduled. 

The use of credit to finance the implementation of farm 
plans is of course an important phase of them. The plans 
for the 239 New England dairy farms include the financing 
down to the detail of credit advances and repayments year 
by year. 

State agricultural extension services in the United 
States are doing an increasing amount of farm and farm
and-home planning. The Missouri Extension Service. 
which call its plans "balanced farming plans", organizes 
its activities in this field in several ways. Thirty or more 
counties have set up associations which employ planning 
specialists to work with the families individually for two 
years, a new group of families being added each year to 
take the place of those "graduating". In other counties, 
group methods of planning are being employed. Finally, 
the county agents are helping as many individual farmers 
as they can in the other counties in the state. The Mis
souri balanced-farm plans provide a wide coverage for 
each farm, but the basic analysis is not as thorough as that 
for the 239 New England dairy farms. One objective is to 
get families themselves to do as much of it as possible. 

The important concluding observation is that farm 
planning is now being done with varying degrees of in
tensity, and with a wide range in coverage. This is no 
criticism of it. Such planning needs to be fitted to the 
occasion. This writer in dealing with the subject, in a 
recent report on Federal-State-Local Relations in Agri
culture in the United States, concluded as follows for the 
United States: 

"What the situation really calls for is a diversified farm
and-home planning programme comprising the following: 

A. For a small selected sample of farms at the start, and 
for more in succeeding years, the kind of plans described 
above for the New England dairy farms, with accompany
ing home plans. The data assembled for these will be use
ful on other farms in the same areas. Also the accumula
ting records of production on these farms will be increasing
ly useful in later planning in the area. 

B. For a much smaller number of farms, pilot oper
ations designed to yield more careful operating results. 

C. For the rank and file of other farms receiving grants
in-aid, intermediate plans of the type above described, the 
basic elements in which are a map of the fields, and their 
use and condition, with the proposed management plan 
for each field, and the livestock programme for the farm. 

D. Any other intermediate types of farm or farm-and
It is highly significant that the Farm Ownership Pro- home plans that any state agency may wish to promote

gram has been very successful, but for various reasons has such as the balanced farming plans of Missouri. 
been kept within narrow scope. The more respectable of The responsibility for the A, B and D types of plans 
these reasons are, first, to provide a chance to learn from should be with the Land-Grant Colleges, but the available 
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technicians of other agencies should assist them in all 
reasonable ways. In the making of the C type of plans, the 
so-called action need to play a larger role, but the 
State Extension should take the lead by supply-
ing needed data, by arranging and helping to conduct 
group-planning meetings and the like. Also since the A, B 
and D types of farm plans are ordinarily long-range plans, 
they will commonly need to be supplemented by some kind 

of year-to-year plans suited to the needs of the grant-in
aid programmes. These will need to be made to fit specifi
cations required by the action programmes". 

Nate: Sample farm which were furnished by the author, 
were too lengthy for here. Copies of these may be 
obtained by application directly to Professor John D. Black, 
Harvard 1.Tniversity, 205 Littauer Center, Cambridge 38, Mass. 

Planned Group-Farming in Nyanza Province, Kenya 

P. C. CHAMBERS 

ABSTRACT 

For the urgently necessary change in land utilization in parts of Africa co-operative action is advocated. The land 
must be treated in drainage units for conservation and proper utilization. To attain this objective "planned group 
farming" has been suggested. 

Basically this requires that similar use be made of contour strips by neighbours, who retain individual right of 
user of their strips, which normally run from the top to the bottom of slopes. Mutual trust is essential between members 
of a group, who would usually be relatives. 

The system is elastic and can progress to co-operative societies for better farming, which would control their 
members, obtain loans, acquire implements and market their produce. It is planned agriculture, which recognizes 
African land-tenure customs and the individual's existing right of user. It provides scope for specialization, economy 
and generally for mechanical cultivation. It is hoped that it will facilitate salaried workers' leaving the land with the 
insurance of membership in a group and will provide in the way of Group Committees much-needed Land Authorities. 
In February 1948 the Provincial Team and subsequently the District Teams and Local Native Councils agreed that 
this system of group-farming should be encouraged. Africans are showing great interest and already in central Nyanza 
24 groups have been formed with 540 members covering 7,805 acres. Six groups have been formed in north, and five in 
south Nyanza. 

Kericho has four groups with 75 members and some 1,180 acres; the perimeter fencing is completed, and two 
mechanical units are at work. 

The urgency of the need for a radical change in land 
utilization to save the soil and to or even to 
maintain the returns from African peasant cultivation is 
now generally appreciated. 

The possible means of attaining this change are the 
development of small holdings for mixed farming, large 
farms with employed labour, collective farms, or through 
some form of co-operative farming under acceptable local 
land authorities. 

It is felt that the change cannot be attained by the 
development of individual small holdings for mixed 
farming in the face of all the difficulties presented by 
questions of economics and efficient usage, and the exist
ing systems of land tenure which result in fragmentation. 
Such holdings have been developed for experimental and 
demonstration purposes on the Agricultural Department's 
Farm at Bukura. 

The economic shortcomings of this means of attaining 
change in land utilization are apparent and there has been 
no real spread of practices from the Bukura farm to the 
neighbouring African lands. 

The evolution of large farms with employed labour 
would in general be too gradual a process and open to 
ethical doubts particularly as sufficient industrial develop
ment to absorb the surplus population is most unlikely. 

The possibility of collective farming has been mooted, 
but seems to be too dependent on drastic coercion of the 
sluggard to be considered. Effective management is un
likely to be forthcoming, and from many points of view, 
the idea would be abhorrent to the African. 

Co-operative effort would appear to be the right ap
proach, and the Agricultural Officers of Kenya passed the 
following resolution at a Conference in 194 7: 

"The policy of the Department for the Native Lands 
shall in general be based on encouraging co-operative 
effort and organization rather than individual holdings. 
It is considered that only by co-operative action can the 
land be properly utilized and the living standard of the 
people and the productivity of the land be raised, and 
preserved. While this involves a change from the modern 
trend towards individualism, it is in accord with former 
indigenous methods of land usage and social custom." 

Because of the heavy intensities of rainfall, drainage
type terraces are generally required in .Nyanza, and it is 
necessary for the land to be treated in drainage units for 
conservation and proper utilization. 

Lack of planning can be seen everywhere in the location 
of villages, the haphazard planting of fruit and timber 
trees, in the use of steep land for annual, and flat landfor 
perennial crops. Difficulties of access to grass meadows 
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because of neighbours' crops and difficulties in contour 
ploughing and in placing drainage ways and the like are 
concomitant with individualism, fragmentation and lack 
of planning. To overcome these difficulties a method 
lermed "planned group-farming" has been advocated. 

Basically this entails initial planning by the members of 
a group, and similar use of contour strips by neighbours, 
because the boundaries between holdings normally run 
:from the top to the bottom of slopes. 

The use of each strip from drainage way to drainage 
way would be decided primarily on the basis of soil and 
iopography. A strip would be chosen for housing and 
other strips, depending on the slope, for bananas, fuel or 
limber plantations, or permanent grazing; the flatter land 
would be selected for alternate husbandry and arable and 
grass leys, in accordance with an agreed rotation. 

There would be no interference with the individual's 
tenure of his holding, but he would have to use each con
tour strip within that holding in conformity with the edicts 
of the group or its committee. 

Permanent hedges or fences would be allowed only 
around the perimeter of the group-farm and on the con
tour, except in cases of permanent pastures where ro
tational grazing occurs. Normally where soil, climate, and 
topography permit, alternate husbandry should be adopt
ed, though this may take time. Any fencing between 
holdings for grazing must be removable, so that, for the 
arable courses of the rotation, the implements can traverse 
.all holdings on the contour. 

With individuals owning scattered holdings, it may be 
necessary for some to be members, at east initially, of 
more than one group. Nothing precludes this, though con
solidation by exchange would be encouraged and expected. 

Mutual trust is essential between members of a group, 
who would normally be relatives. Nor is there any limit 
either way to the number of members or to the size of a 
group-farm, which would be bounded on each side by 
drainage ways. Natural drainage ways are preferable, but 
grassed channels can be substituted where necessary. As 
group-farms develop they may combine with others to 
form unions for marketing produce, acquiring dips!, dams 
or other improved water-supplies and farm machinery. 

The system permits the use of mechanical equipment 
and economies in oxen and implements, and can progress 
through co-operative societies for better farming, which 
would control their members, obtain loans, acquire their 
c•wn implements and market their own produce. The 
system also provides scope for specialization, since the 
g.roups, as they develop, will require stockmen, dairy ex
perts, marketing clerks and perhaps tractor drivers and 
the like. It is hoped that the groups will select youngsters 
f.Jr training along these lines who will return and be their 
specialists. It is also hoped that membership in a group 
will provide the necessary insurance without which sala
ried Africans cannot be expected to leave the land. Above 
all, Land Authorities in the form of the group-farm com
mittees would develop, and some such form of authority 
is deemed essential, if real, lasting progress is to be made. 

1 Either a natural or dug-out gully, or a concrete structure, to 
llold disinfectant into which cattle are dipped as a measure of 
.dis ease control. 

The adoption of dipping and the limitation of herds to 
the carrying capacity of pasturage, in order to improve 
livestock, is difficult, while stock have free range over all 
fallow land, and are regarded more as a social than as an 
economic asset. Group-farms and their committees should 
assist with this development, and with the improvement 
of cattle through the group ownership of improved bulls 
and, as the group-farms develop, through having their 
own stock specialists. In certain over-populated areas 
group-farming with mechanization should allow the use of 
the entire limited grazing area for the production of milk. 

Safeguards will be needed to ensure compliance with 
group decisions, and it is thought that observance can 
best be attained through the adoption of by-laws after the 
groups had registered as Co-operative Better Farming 
Societies. The by-laws would not, however, cover with
drawal from a group by a member or his successor, after 
due notice. Rules under the African District Councils Or
dinance are envisaged to ensure that all users of land in a 
group-farm follow the farming practices and the use of 
contour strips decreed by the majority of the members, or 
the committee on their behalf. 

Such a change in farming trends is not one that can be 
imposed by Government Order alone, and it is clearly 
understood that we must have the African with us, and 
make him realize that the group is his, and that when he 
seeks our guidance, he must produce his own ideas and 
views, as well. Group-farming is really only a modernized 
version of much of the old indigenous system of land con
trol and usage. It is felt that group-farming is a method 
of attaining good farming with a proper balance between 
crops and stock, a method which, where topography 
permits the use of mechanical equipment as an aid to 
hand labour, is feasible, and one which should be accept
able to the African. 

On 6 February 1948, the Provincial Team agreed that 
this system should be encouraged, and that assistance for 
group-farms was a very suitable purpose for the expendi
ture of moneys from Agricultural Betterment Funds. 
These funds, held by Local Native Councils, have accrued 
from the collection of a tax on maize sales for agricultural 
betterment, originally on the suggestion of people of the 
Kitosh tribe in the north Nyanza district. District Teams 
and Local Native Councils also supported the proposals. 
Money has been provided this year for mechanical units 
and for assistance for better farming. This assistance is 
not, of course, confined to group-farmers. 

Since the proposal was approved Africans have shown 
great interest. Already in the Central Nyanza district the 
Luo, a Nilotic tribe, have formed twenty-four groups with 
540 members covering some 7,805 acres. No mechanical 
assistance has yet been possible, but most of the groups 
have made a good start with preparing drainage ways and 
terraces, applying manure, planting grass and closing 
grazing areas for recovery. The first group to be formed, 
that at Nyahera, which has seventy-seven members and 
960 acres of land, has made most progress. They have 
stated that they realize that not more than half of the land 
should be cultivated at any one time, and that they are 
willing to sign an agreed set of rules, and to pledge un
limited secmity in the event of their group's receiving a 
loan for development. Land exchanges are taking place 
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and all members are making manure. A person who has 
no stock obtains manure from a neighbour in return for 
all his fodder and assistance in making manure. Two 
strips have been planted with grass for pastures this 
season. 

In some areas interest is shown in the possibilities of 
group-farming for rice growing, and neighbours of active 
groups take an interest in the latter's work and discussions 
and are copying them in some ways, notably in applying 
manure to their fields. 

In north Nyanza a start has been made with developing 
a group-farm for trial and demonstration at the Agri
cultural Department Station at Bukura, and the African 
Land Utilization and Settlement Board has supported the 
proposal that Government should provide funds for the 
development of a union of three groups at that station. 
This will provide facilities for investigating the agronomic, 
social and economic aspects of group-farming, for testing 
mechanical equipment and for training specialists sent 
there for courses by the various groups. 

Several groups are already developing in the vicinity, 
and it is hoped that the system will radiate from the 
station with the assistance of mechanical equipment based 
on the station. Several other groups are developing else
where amongst the Bantu in this district. 

In south Nyanza a number of group::: have been formed 
in the lake shore Luo locations, some of which will use 
land at present undeveloped. In the Kisii and Bantu high
lands one group is starting and the Local Native Council 
and a Location Advisory Council have recommended that 
an area of 250 acres should be set apart for ten years for 
trial and demonstration of group-farming. 

In the Kericho district the Kipsigis, Nilo-Hamitics who 
until recently kept stock but are now over-cultivating 
their land for maize production, are showing great interest 
in the proposals. Their Local Native Council has provided 
two mechanical units, each with one Fordson and one 
Ferguson tractor with implements, fencing, and full as
sistance for ten group-farms as a trial. Four of these 
groups-farms totalling 1,180 acres with seventy-five 
members have now been formed. Perimeter fencing has 
been completed, graded strips have been pegged and left 
under grass for terracing later, and some 350 acres have 
been mechanically ploughed and cultivated. Rotations 

and strip usage have been agreed, and the requisite maize 
strips will now be undersown for grass pastures. Cattle 
dips will follow, when the groups develop and show that 
they can control, with a view to improvement, the 
numbers of, and grazing for cattle. It is interesting to 
record that one group has asked for a rain and piped 
water-supply, for which it will pay. 

In Kericho, ownership or the right of using particular 
areas of land has not developed to the same extent as in 
the other districts, and one of the first functions of the 
group, when formed, is to apportion land to its members. 
This makes land utilization more simple, but may give rise 
to trouble within the group in the early stages. It does, 
however, test their mutual trust before development 
starts. · 

The group-farms in this district are planned with seven 
main contour strips, one for the homesteads, three under 
grass and three under the plough. Each year one crop
strip will be undersown to grass and one grass strip broken 
for cultivation. Each family has its own holding which 
extends through all seven strips, and for the present each 
group has about one-fifth of the total area under per
manent grass divided into five paddocks for rotational 
grazing. Each member regards the grass pastures on his 
own section of the strip as a place for private grazing. 
Land unsuitable for cultivation or permanent grazing will 
be planted with trees. The management of each farm is 
vested in a committee consisting of a chairman, a treasurer, 
a secretary and two members. 

Numerous applications have been received from others 
interested in all four districts, and it is apparent that 
planned group-farming is arousing considerable interest in 
this province. There is certainly no doubt that it has al
ready done much good in getting the African to consider 
and discuss his agricultural problems and invite the staff 
of the Department of Agriculture to visit his land and 
advise him. Visitors from other provinces have also shown 
interest, both in Nyanza and at the Nakuru Show in 1948, 
when a model was displayed and explained. The social 
aspects and economics of the system need study and the 
difficulties, in particular the rampant individualism that 
has developed in recent years, are appreciated, but it 
would appear that by virtue of its elasticity and capacity 
for gradual development and guidance, this system has 
great possibilities. 

The Planning of Land Use Improvement in the Middle East 

V. K. MAITLAND 1 

THE PROBLEMS 

The world problem created by the pressure of rapidly 
increasing human populations on vulnerable natural re
sources has abundant and classic examples in the Middle 
East. This region contains familiar evils in acute form, 
viz., corruption in administration, spiritless, under
privileged and exploited peasantry submerged in debt, 

1 Deceased 25 April 1950. 

medieval land tenure systems, low-level economies, 
destructive soil mining and so on. The graveyards of 
ancient civilizations, from the rocky skeletal slopes of the 
once forest-clad Lebanon, to the salt wastes of Iraq's river 
systems, from the vestigial remnants of North African 
irrigation systems to the barren "Isles of Greece", have 
formed the subject of a considerable volume of descriptive 
writing and criticism. The medieval nature of many of the 
present conditions and the striking contrasts, such as that 
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existing between the life of the towns and that of the 
villages, have been the subject of endless reports and 
descriptions, technical and otherwise, in and about these 
countries. Most of these have, however, had no practical 
result. The truer the criticism, the more likely it is to be 
administratively awkward and hence the probability of its 
being set on one side to be forgotten. 

That so much was once achieved in an environment 
where so little is being done now, illustrates the fact that 
:\fiddle East climates allow no compromise with agri
cultural systems which are not strictly disciplined. With 
proper control-constantly and vigilantly maintained
many of these soils and marginal climates can yield abun
dantly; but without that control, barren wastes and deserts 
are produced. There appears to be no middle way between 
a highly-developed intensive agriculture based on careful 
conservation methods-and a low level pastoral economy 
at the mercy of the weather and compelling the accept
ance of nomadism, wholly or in part, as a condition of 
survival. 

The low-level economy achieved by the systems which 
replaced the ancient civilizations survived by the oper
ation of balancing factors. These, in recent years, have 
been rudely upset by world wars, oil development, the 
impact of modern transport and communications, the 
control of tribal warfare, and the control of epidemic 
diseases. Recent advances in medical science, probably 
more than any other single factor, have set in train a whole 
series of unbalancing effects. The end result is an increase 
in populations, which are more than ever inadequately 
housed, fed and educated. 

That the mass misery of so much of the population has 
not hitherto produced serious agrarian revolts in these 
countries may be largely due to the characteristic in
dividualism of the local societies and religions; but there 
are signs that these restraining influences are weakening. 
Religion itself has a formidable competitor in the ideas 
transmitted by radio and films. The impact of the latter 
on illiterate and discontented populations can have effects 
similar to those caused by religious revivals or awakenings 
in the past. To underprivileged groups, whose mental 
horizon is as restricted as their physical horizon (in the 
desert) may be vast, "theoretical democracy" combined 
with economic servitude appears to be less and less worth 
starving for. The Utopia offered by other systems hardly 
needs propaganda in these circumstances. What can be 
done in a constitutional fashion to meet this situation? 

GOVERNMENTAL DIFFICULTIES 

When, as is the case in certain Middle East countries, 
Government consists of a group of .Ministers and some form 
of Parliament drawn from large land-holding or merchant 

controlling an executive which is characterized by 
gross underpayment of salaries, then it is clear that a 
system exists where dishonesty and oppression may in 
fact be heavily subsidized. Is such a Government likely 
to respond readily to persuasion and advice? An out
side body would be naive to assume that reports and 
suggestions are welcomed except as a convenient fa<;ade. 
A Government in a precarious position is incapable of 
executing difficult or unpopular measures. It does not, in 
fact, govern; it is characteristically opportunist, cynical 

·-------

and ready to resign at the first hint of trouble. This is the 
depressing background to be found in many of the Middle 
East countries where the land use position needs exami
nation and drastic changes. For these reasons it seems 
essential that some delegation of power vvithin a country 
to a separate planning authority commissioned for a 
definite term of years, and armed in advance with the 
financial power it needs, must prelude reforms in these 
countries. It is axiomatic that no reforms in land tenure 
or land use can be achieved permanently unless against a 
background of settled administration. There appears no 
means of achieving this without setting up a central 
authority with wide powers, secured finances and a stated 
compulsory term of office. 

What are the measures whereby Governments can be 
induced to adopt such a procedure? They must be: 

(a) Measures of persuasion, particularly those of edu
cation and publicity by the fullest use of the film and radio 
to build up a body of public opinion, which Governments 
cannot ignore; and 

(b) Measures of compulsion, viz., making conditional the 
grant of financial assistance and of help in the way of sup
plies, of machinery, materials and even food. As regards 
this last item, the fact must eventually be faced that 
creditor food-exporting countries cannot reasonably be 
expected to continue indefinitely to export soil fertility in 
the form of grain to countries which·cannot execute the 
simple, albeit unpopular, measures required to set their 
houses in order. 

The sacrifices implicit in the "one world" concept 
consist not only of the making of and loans or 
services-by creditor to debtor, or stronger to weaker 
nations-but also of the surrender of some of the more 
extreme notions of independence and nationalism within 
countries where reforms are overdue. 

Democracy and state planning are compatible, provided 
the objects and aims of the planning are democratic. Too 
much freedomforindividualsorgroupscanprove, in certain 
countries, to be a disaster for the common man, as in 
such lands the fa<;ade of democracy frequently permits 
well-organized exploitation by a particular class and the 
substitution of a thousand tyrants for one. Therefore 
safeguards or control are necessary. If that control is ac
cepted V~-illingly, so much the better for permanence. If it 
has to be imposed, every effort should be made to create 
understanding of its necessity and eventually willingness 
to accept it. 

In most countries of the Middle East there must be a 
great deal of compulsion because of the time factor; be
cause some natural resources, once destroyed, can never 
be replaced, and because the general state of education is 
extremely low. The state of education (in its broadest 
sense) and the amount of intelligent opinion in these 
countries, mainly condition the extent to which com
pulsion must be applied in the initial stages of reforms. 

As the first beginnings must be made with and by the 
Governments themselves, the point first to be decided is 
therefore the extent to which outside help will be accepted 
and its nature. The subject is delicate and difficult, and 
this helps to explain the lamentable scarcity of results 
hitherto obtained in the soLution of administrative prob-
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lems connected with correct land use. The suggestion is 
therefore made that for the execution of planned land use 
in the particular countries of the Middle East, the first 
step is to discuss fully the extent to which compulsion and 
persuasion are respectively desirable and the measures 
whereby they can in practice be applied. Some suggestions 
on these lines are given below. 

SUITABLE LINES OF ACTION FOR AN INTERNATIONAL 

ORGANIZATION 

(a) A definite proportion of the budget of the organ
ization should be allotted to executive as opposed to ad
visory measures; 50 per cent seems suitable and necessary. 

(b) It should be immediately ascertained which member 
countries agree to executive teams working in them and 
to the allocation of demonstration areas for that purpose, 
preferably consisting of complete small river-drainage 
systems. The teams should really be teams, i.e., properly 
built up and under proper leaders. Spearhead commando 
attacks by combined operation personnel are required in 
this war on poverty, corruption, ignorance, disease and 
malnutrition. 

(c) A really active publicity drive with film and radio 
should be directed at the member countries which most 
need attention. 

(d) Any assistance in the form of loans or of supplies 
from any outside body should be made absolutely con
ditional on the setting up of planning boards or authori
ties with approved programmes on time scales for the 
execution of basic reforms. 

Main measures to be taken by Governments themselves 

(a) The setting up of a planning board with finances 
and powers properly secured and a stated compulsory 
term of office. 

(b) The execution of a survey of natural and human 
resources with a view to diagnosing the causes of present 
conditions, the direction of existing trends and the require
ments of better conservation and utilization of the re
sources. 

(c) The preparation of a physical land capability classi
fication and such other classifications as the survey may 
indicate as being necessary. 

(d) The preparation of general and regional land use 
plans. On this basis economic and social classifications can 
be carried out with the object of arresting deterioration 
and the stabilization of society. 

(e) The selection of specific areas for regional develop
ment under special authority controlling the various in
terests concerned in combination. 

(f) The securing of the finances required for the period 
of any such plan is essential as its execution should not be 
at the mercy of budget fluctuations. 

(g) The enuciation of land use policy in its various 
aspects. This policy must be in writing and should consist 
of, at least, a statement of principles. This and (c) above 
are essential to provide that continuity which is demanded 
by the very nature of certain subjects. 

(h) The framing of legislation and the definition of 
powers. It is essential that legislation should not be 
vague, but as clearly defined as possible in the first stages 
of introduction of basic reforms. 

(i) A vigorous campaign of publicity and education, 
should be carried out to make the people understand what 
the planning is about, why results cannot be expected 
immediately, what the targets are, and what are the 
various stages necessary to achieve them. Publicity is 
required not only for the objects of the plan, but for the 
plan itself. 

(j) The reorganization of the administrative machine 
and the public services. Adequate pay, prospects and 
security are essential. It is not what the State can afford 
so much as what it cannot afford to do without. The man 
who suffers by under-paid public services is the poor man. 
Recruitment and training of staff must be taken up 
vigorously. As regards the machinery of administration, 
certain objects and principles desire further elaboration. 

OBSERVATIONS REGARDING THE REORGANIZATIO:-< OF 

ADMINISTRATIVE MACHIXERY 

The administrative machine should be overhauled and 
reshaped to suit the programme, bearing in mind the 
need: 

(a) To obtain the co-ordination of Land Use Depart
ments without which their separate and individual attacks 
on the problems which directly concern them will fail, and 
to secure the proper co-ordination of activities such as 
medical and social which are more directly concerned. 
The grouping of Land Use Departments under a Minister 
of Land Use and the creation of special services such as 
those of soil conservation working in selected areas are 
first essentials and no longer in any doubt as elementary 
requirements. This grouping will permit emphasis to be 
placed on whatever particular branch or activity or 
Department is necessary in view of the special conditions 
of individual countries. 

(b) To permit the use of compulsion and persuasion 
respectively to the extent which may be dictated by the 
state of education of the country (see below). 

(c) To provide compensation and alternative ways of 
life to populations affected by changes. 

(d) To regulate the pace of reforms to what 1s ad
ministratively possible, and to "keep the people m the 
planning" to the maximum extent possible. 

The separate nature of advisory and executive work 
must be clearly recognized and emphasized and provided 
for in the administration set up. Failure to recognize this 
essential difference probably accounts for much of the in
effectiveness of Government Departments which attempt 
to combine both functions. The arrangement indicated in 
Chart I allows for executive branches or departments to 
have the closest possible contact with the Minister and is 
given as an example to illustrate what is meant. The 
government machine, to be effective, must be designed so 
that executives do not have to get their orders from too 
many intermediaries or from advisory departments. The 
staff required to carry out measures of compulsion or 
measures of persuasion needs to be selected accordingly. 
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Chart I 

Land Use (J1inister) 
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Director-General Director-General 

i 

Land Dept. 
acquisition 
registration 
survey 

Co-operatives, 
communications, 
health and 
education, 
housing 
affecting 

I 
Pasture 
control 

Pest 
control 

Control 
of sea 
fish, & 
wildlife 

vVater 
engineering 

rural workers 
and staff, in 
certain areas 

,-----,---- -- ----- ------

Publicity Research 
education 

Soil 
conserva
tion 
demonstra
tions and 
pilot 
schemes 

The basic policy should be that as education proceeds and 
public opinion is developed, there need be less and less 
emphasis on the compulsory side and more on the ad
visory side. In the lay-out given in the chart it is for the 
Minister of Land Use to regulate the relative importance 
of these two sides in his branch and to stress either one as 
the situation demands. 

THE USE OF SOCIAL AND HEALTH MEASURES IN LAND-USE 

REFORM 

Right from the initiation of land use classification, 
many of the measures necessary for the achievement of 
improvement are bound to be of an unpopular nature, and 
it is therefore desirable that the Minister of Land Use 
should have in his hands some means of improving living 
conditions among the population directly affected by 
reforms. He should have, on the executive side, control of 
some small hospitals and schools, even certain co-oper
ative societies and similar bodies. This requirement is still 
not understood in most countries. Not only should the 
titles of Ministers and Departments be properly thought 
out to correspond with their functions (and in this con
nexion a special plea seems necessary for the title of 
Minister of Land Use instead of Minister of Agriculture) 
but also there should be elasticity in interpretation of the 
powers of any given Minister to allow him to include 
certain activities as a side line which might legitimately, 
in a more rigid organization, be considered the exclusive 
concern of another Minister. Such ideas fit in very well 
with regional development. 

I 

Improve
ment of 
agricultural 
systems & 
methods 

Improve
ment of 
plants 

Improve
ment of 
animals 

GENERAL 

Improvement o£ 
alternate fuel 
supplies, farm 
forestry, etc. 
balanced farm
ing etc. 

Local conditions must obviously determine for each 
Middle East country the relative importance of the various 
kinds of natural resources. There has been too much un
imaginative copying of plans, governmental machinery 
and even legislation by one country from another without 
sufficient reference to the physical framework concerned. 
The relative importance of different kinds of natural re
sources must guide the prominence to be given to each in a 
particular country in the administrative machine and the 
budget. As regards the methods whereby these resources 
should be conserved and utilized, one must begin with 
direct control and place the emphasis less and less on it as 
gradual improvement permits. In a country such as 
Switzerland for example where the people are really 'in' on 
the planning, one finds that even such things as protective 
forests on watersheds are in private hands .. This is very far 
removed from the state of affairs in a backward country 
where free range herds are a menace to settled agriculture, 
a cause of destruction of strategic flood source lands, and a 
barrier to all attempts to establish protective vegetation. 
With a country in the latter condition, advice alone gets 
nowhere. Physical control, tempered to the maximum 
extent by compensation and the provision of alternative 
occupations etc., must be introduced at whatever the cost 
and must be maintained just so long as the mentality of 
the people makes it necessary. The latter is linked with 
the health and education programmes. These should in 
turn be co-ordinated properly, as the production of a vast 
number of healthy irresponsibles has its own dangers. 
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Summary of Discussion 
Mr. DYKES introduced his paper on "Soil Conservation: 

Methods of Organization". Its salient points were that 
effective soil conservation work of any magnitude required 
a national decision and a governmental agency to carry 
out a broad policy; the establishment of such an agency 
should be followed by soil and water conservation re
search, an inventory of soil and water resources, testing re
search results under actual farming conditions, decentral
izing administration, setting up a local system of organ
ization, and providing on-site assistance. While that list 
of steps to be taken was by no means mandatory, it rested 
on actual experience and might be helpful for countries 
wishing to institute a soil conservation programme. 
Mr. Dykes particularly stressed the need for a special 
national agency to carry out such a programme. 

In the absence of the authors, the CHAIRMAN summar
ized the experience papers presented by Mr. Vital on "Soil 
Conservation in Switzerland" and by Mr. Orozco M. on 
"Methods of Organization in Soil Conservation Work". 
The first paper brought out the fact that the relatively 
small arable area in Switzerland was, by joint decision of 
the landowners involved, assisted by Government sub
sidies, being cultivated more intensively and tracts of un
cultivated land were being improved. The second de
scribed the geography and population of Guatemala and 
recounted the programme of the Department of Soil 
Conservation of that country. 

The Chairman drew attention to the paper on "The 
Importance of Practical Demonstration in Teaching Soil 
Conservation Methods and its Application in Argentina" 
by Mr. C. V. Quevedo. This paper had been received too 
late to be reproduced. 

Mr. C. H. EDELMAN, speaking with reference to Mr. 
Dykes' paper, pointed out that it was frequently very 
difficult to obtain a national decision in favour of soil 
conservation, because many Governments failed to realize 
the importance of the problem. Discussions on soil con
servation at the Food and Agriculture Organization's 
session in 1948 had shown, however, that when it was 
impossible to obtain a national decision, steps to prepare 
for such a decision could be taken at relatively little cost; 
thus, rough surveys of land conditions could be made, 
education in the importance of soil conservation could be 
spread through agricultural colleges, and publications 
giving the general trend of land policy could be issued. 

Mr. DE LA ToRRE presented his paper on "Soil Util
ization and Conservation-Methods of Organization". In 
reply to a question by Mr. CLAY concerning the nature of 
the efido in Mexico, he explained that the Mexican Govern
ment had expropriated large tracts of uncultivated land 
from private owners and had given that land to village 
communities on condition that the land was kept under 
cultivation. The Government also provided capital and 
equipment and assisted the farmers to market their crops. 

Mr. GUILLAUME remarked that all those present agreed 
on the need to awaken the general public to the importance 
of soil conservation programmes. Soil conservation pro-

paganda should not be directed entirely at the rural 
populations, as it all too often was; it was essential to 
explain to the urban populations, which had a consider
able voice in the government of their countries and in the 
allocation of governmental funds, that they too would be 
profoundly affected by any serious deterioration of the 
soil, and that soil conservation was in the interest of the 
whole country. 

Mr. TIM:\'IONS thought that Mr. Dykes, in his otherwise 
excellent paper, had failed to pay proper attention to the 
role of education and legislation in the matter of soil 
conservation. Such legislation and education in the 
United States was largely at the State rather than at the 
Federal level. 

He also stressed that individual farmers might not be 
able to afford to carry out conservation programmes which 
would be in the national interest. 

Mr. DEHAAN stated that the purpose of the Bureau of 
Utilization in Indonesia, which had been created in 1948, 
was to ensure proper land use. As highly varied agri
cultural systems, from the most primitive to scientific 
farming, existed in that country side by side, decentral
ization had been necessary, and the programmes planned 
on a national level were carried out in the local equivalent 
of states and countries by persons recognized as leaders in 
the community and fully acquainted with local conditions. 
The proper use of land could not, however, be achieved in 
an under-developed country until suitable economic and 
social conditions had been brought about. 

Mr. A:~mROISE, speaking with reference to Mr. Dykes' 
paper, said that the paragraph dealing with on-site assist
ance was of capital importance. Mr. Dykes mentioned 
that machinery, equipment or power should, where 
necessary, be made available to farmers by the soil conser
vation organization. Mr. Ambroise remarked that on such 
occasions, and in educating the farmer on the best methods 
of farming and the proper use of equipment, the soil con
servation agency should collaborate closely with all other 
national agencies in the field, as the task was usually too 
great for it to undertake alone. 

He asked Mr. Dykes whether the work accomplished by 
the Civilian Conservation Corps in the United States had 
been carried on by the farmers who owned the land. A 
similar project in Haiti had failed to enlist the farmers' 
interest and continued support. 

Mr. DYKES replied that, with a few exceptions, United 
States farmers had carried on the work begun by the 
Civilian Conservation Corps and had since made consider
able progress. They received only technical assistance, 
and supplied the labour themselves, feeling that they had 
a stake in the various conservation projects. 

In reply to Mr. Timmons, he said that it had not been 
his intention to underestimate the role of education, to 
which a great deal of attention was being paid in the 
United States; his paper, however, dealt entirely with the 
subject of organizing a soil conservation service. 
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Mr. CLAY remarked that, when dealing with under
developed countries, the village rather than the individual 
farmer was to be taken as a unit. The national policy in 
such countries had to rest upon a sound village policy; 
while the pattern need not be identical for the country as a 
whole, it should be the same for each main zone as 
determined on the basis of soil classification and use. 

In the British dependent territories in Africa, soil con
servation had long since become a part of national policy; 
tbe need for such a policy was not, however, recognized by 
the peasants. For that reason, he attached the greatest 
i:nportance to research and demonstration, which alone 
would make it possible to develop a national soil conser
vation policy acceptable to the people. Education was not 
enough; only demonstration could convince the young 
generation of the efficacity and profitability of soil conser
vation methods. Pilot schemes on a village basis were 
r~~quired to show the people the benefits of sound land use 
by a whole village. 

He inquired whether test farms set up in the United 
States had been completely subsidized by the Government 
and worked by Government employees. 

Mr. DYKES replied that complete subsidies had never 
been found necessary, as public-spirited farmers, willing 
to share in the experiment, had been generally available. 
He pointed out that demonstration farms were usually 
established in an area in advance of the soil conservation 
projects in that area, in order to educate the farmers and 
to enlist support for the projects. 

The CHAIRMAN drew the attention of those present to 
the paper on "Wild Plants of the Semi-Arid Region of 
Brazil and Their Industrial Utilization" which had been 
submitted by Mr. Santa Rosa, who was not present. 

Mr. V. W.}OHNSON summarized his paper on "Economics 
of Soil Conservation" and said that human welfare and 
world peace called for increased food production and con
servation of the soil resources of the world. To that end, 
individuals and Governments had responsibilities and 
obligations. One of the needs in connexion with conser
vation investments was to determine the economic feasi
bility of soil utilization under different uses and with 
alternative types of management. 

Soil conservation was as complex as life itself, and 
within that complexity were many economic factors. At 
times the economic factors were in the nature of cost and 
income relationships, but there also existed economic in
stitutional arrangements that conditioned the degree of 
umservation from both individual and social points of 
view. He felt that one of the basic economic problems was 
tn determine the private benefits versus the public benefits 
of soil conservation. 

Mr. SAUCEDO CARILLO declared that some of the pro
posals discussed in the papers presented by Mr. Dykes and 
Mr. Johnson were applicable to Mexico. He described 
how the ejido system, developed in that country, operated. 
He said that the land that had been taken over by the 
Government was distributed among the peasants in lots 
varying from 4 to 400 hectares, depending on the quality 

technical assistance. He thought that the eiido system 
should be studied thoroughly as he considered that it was a 
system calculated to promote soil conservation. 

Mr. A ULL introduced the paper entitled "Farming 
Systems in Relation to Soil Conservation", prepared by 
Mr. Sherman E. Johnson who was not present. He said 
that the paper was based on conditions prevailing in the 
United States of America but that it was applicable to 
other parts of the world where conditions were not too 
different. The establishment of soil-conserving farming 
systems frequently involved conflicts between public con
cern for future supplies of farm products and the farmer's 
interest in current incomes. It was unlikely that farmers 
would establish or maintain systems of farming that con
served soils unless they were more profitable than 
exploitation. On the other hand, the social group was in
terested in protecting its continued existence. That 
meant providing for the most probable long-term needs 
for farm products and perhaps also for a food reserve for 
cases of emergency. 

Mr. McCoRMACK introduced his paper which dealt 
briefly with "The United States Agricultural Conservation 
Program". He said that maintaining and improving 
the productivity of the land was essential to the improve
ment of the living conditions of the people. That in turn 
was dependent on the widespread use of techniques dis
covered and developed by science. The Agricultural 
Conservation Programme, through assistance to individual 
farmers, has provided the means of accelerating the 
adoption of such techniques while at the same time as
suring widespread use. The Congress of the United States 
had appropriated 262 million dollars for the administration 
and assistance to farmers under the current year's pro
gramme which amounted to $1.83 per person or 73 cents 
per acre of cropland. That sum was insignificant when 
compared with the value of the farm output which the 
previous year totalled nearly 20,000 million dollars. 

Mr. CLAY summarized a brief paper on the "Mlalo Re
habilitation Scheme" by J. B. Clegg which described con
ditions in crowded areas of Africa. He stated that the 
basin, 60square miles in area, was overcrowded and suffered 
from deterioration of the soil due to various causes. 
The scheme was launched to rehabilitate that region, 
firstly, by studying the habits and customs of the people 
by means of a village survey, and at the same time col
lecting vital statistics and, from the data collected, for
mulating a long-term policy for the future; and, secondly, 
by demonstrating and testing methods of land utilization 
and improved village life in a defined area. 

Mr. GuiLLAUME declared that, in order to obtain a 
reasonable yield from harvests in tropical climates, farm
ing methods had to be improved, a market had to be 
found for the crops and a fair profit assured for the middle
man. Those areas needed soil conservation programmes 
because there was a tendency to abandon lands that had 
ceased to be productive. There was also need for an in
tensive educational campaign to explain the benefits of 
soil conservation to the farmers. 

of the soil. The Government in addition furnished equip- Mr. E. DE VRIES said that, with reference to the survey 
ment and machinery when necessary and various types of conducted in the villages mentioned by Mr. Clay, he would 

109 



UNSCCUR PROCEEDINGS: LAND RESOURCES 

like to know whether the data produced by the survey had 
been published and were available. In Indonesia it had 
been found difficult to collect such data and authorities 
had spent several years on a similar project without ob
taining adequate results. 

Mr. CLAY admitted that since the project had been 
established in 1946 and launched in 194 7 there were as yet 
few results available. More than one hundred surveys had 
been conducted in Uganda and their results had been 
published and were presumably available. 

Mr. RANGHEL presented his paper entitled "The Soil 
Conservation Service in Colombia". He stated that 
Colombia had already undertaken extensive soil conser
vation measures in the Coffee Belt. The problem of con
servation should not be restricted to agriculture but 
should embrace a wider field. In an under-developed 
country like Colombia he thought that various experi
mental stations should be established to conduct research 
to determine the best utilization of the soil. Soil conser
vation could be established to a certain extent by legis
lation but the breaking up of large estates should be 
studied carefully since sometimes the land was distributed 
in such small lots that its exploitation was not economical
ly advantageous. In regions of Colombia where adequate 
soil conservation practices had been carried out, the coffee 
yield had shown a marked increase over a period of two or 
three years. The soil conservation programme of the 
Colombian Coffee Federation was giving very good 
results, the methods employed being well adapted to the 
soil, the climate and the people. 

The CHAIRMAN drew attention to the paper on "Soil 
Conservation-An Economic Appraisal" by M. Cepede of 
France. This paper had been received too late to be 
reproduced. 

Mr. TIMMONS wondered whether an economic survey 
should not be undertaken to establish just what percentage 
of soil conservation programmes were paid by the farmers 
and what part was paid by the State. 

Mr. McCoRMACK said that the percentage varied de
pending on individual cases. When farmers were willing 
and able to pay for the work which would benefit their 
property either directly or indirectly, the Government 
bore a relatively small share of the expense. In other cases 
the State paid a proportionately larger share. 

Mr. CLAY expressed satisfaction at the fact that most of 
the papers introduced had brought the problem of soil 
conservation into proper economic perspective. Mr. S. E. 
Johnson's paper discussed soil conservation in terms of 
long-term capital investment and Mr. V. W. Johnson's 
paper discussed the possibility of Government expendi
ture which excluded the need of reimbursement. He felt 
that the latter system might be feasible in rich industrial 
countries but in under-developed areas it became neces
sary to place such investments on a sound economic basis. 
He wondered what system was practi~ed in areas such as 
the southern regions of the United States. 

Mr. VANCE said that in Texas the problem was localized. 
Counties extended financial assistance to individual 
farmers who were in need of it. At first, for instance, 

assistance was given to introduce contour farming, but 
the practice had become so generalized that no further 
assistance was required. 

Professor AuLL said that efforts were being made all 
over the United States to finance small farmers who were 
unable to obtain assistance from private sources. There 
was also a considerable development of what might be 
called "custom farming" whereby small farmers employed 
workers who possessed equipment but no land. Mr. John
son had in mind a plan for helping those people to buy 
equipment. 

Mr. V. W. JoH~SON, in reply to Mr. Clay, agreed that it 
was desirable that the principal of loans should be repaid, 
but pointed out that even if that were not done it would 
still be economically advantageous if a permanent im
provement in land were achieved. 

Mr. DYKES observed that much progress had been made 
in the matter of partnership ownership of equipment in 
many parts of the United States. For example, grass seed 
was very valuable for seeding eroded areas, but the cost of 
harvesting equipment was prohibitive for a single farmer, 
and groups of ten or fifteen farmers had therefore joined 
together to buy it. 

Mr. S. T. jENSEN remarked that there had been much 
discussion of the question whether or not soil conservation 
was profitable and to what extent it should be supported 
by Governments. He drew attention to the paper on soil 
conservation in Switzerland by Mr. Vital, in which it was 
stated: "The financial support of the public authorities is 
indispensable, since the expenditure is covered only to a 
small extent by the resulting increase in yield", and ex
pressed the view that in large areas such as the United 
States and the British Empire it might be wise to adopt a 
similar attitude before the time came when they were 
forced to do so by the fact that so much land had been 
destroyed by erosion and mismanagement. 

Professor BLACK presented his paper entitled "The Co
ordination of the Best Soil Management Practices into 
Unified Farm Management Plans". The paper described a 
test carried out on 239 dairy farms in New England with 
the object of determining to what extent conservation 
would pay for itself by increasing productivity. An 
attempt was made to carry out full-scale planning on those 
farms. From the economic point of view conservation is a 
phase of land management; and it may be a combination 
of public and private management. 

One of the basic concepts of the report was the optimum 
concept. The optima for the private farm and for society 
do not necessarily coincide. The optimum level on soils 
naturally low in humus and plant nutrients generally is 
likely to be well above the virgin level. On prairie type 
soils, however, it may be well below the virgin level. Thus 
it may be good economics and good conservation to "mine" 
these soils for a period after first occupation. 

Under the revised plans worked out for the 239 New 
England dairy farms, the amount of land under cultivation 
would be increased by only 2 per cent, but milk production 
would be increased by other land improvements to a point 
beyond which further improvements would be uneconomic. 
Economic limits must be considered in each country. 
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The paper contrasted the planning carried out on the 
2.39 farms with that done by various Government agencies, 
between which, the speaker stated, there was a lack of 
co-ordination. 

In four cases out of five the farmers of the United 
States can themselves afford to finance conservation 
planning. Case No. 5 in Mr. Sherman Johnson's paper 
would need to be financed; in case Xo. 6 the land should 
probably go out of use. 

Mr. CLAY presented a paper on "Planned Group
Farming in Nyanza Province, Kenya", by Mr. P. C. 
Chambers, of the Department of Agriculture of the 
Government of Kenya. The paper advocated co-operative 
action for the necessary change in land utilization in parts 
d Africa. The land should be treated in drainage units for 
conservation and proper utilization, and to obtain that 
objective "planned group farming" had been suggested. 

The system was elastic and could progress to co
operative societies for better farming, which would control 
their members, obtain loans, acquire implements and 
market their produce. It recognized the African land
tenure customs and the individual's existing right of user, 
and provided scope for specialization, economy and 
generally for mechanical cultivation. In February 1948 
the Provincial Team, and subsequently the District Teams 
and Local Native Councils had agreed that the system 
should be encouraged, and the Africans were showing 
great interest. 

The paper discussed a form of development which would 
be of increasing importance in the African colonies. The 
normal custom in African societies was for the land to 
belong to the tribe. It was broken down within the tribe 
into social units such as the kinship group, the family 
group or the clan. Each such unit normally occupied a 
unit of land which had certain natural topographical 
limitations. No individual could use land in the area with
out obtaining the permission of the head of the group. 
Rights in the matter of land were most jealously guarded 
by the African peasant, who was very suspicious of any 
suggestion of change. 

The problem was rather a social than an economic one. 
The paper indicated the line of development which should 
be followed. So far the colonies had been developed by 
adding to what was simply subsistance farming with 
primitive tools, under severe climatic conditions, certain 
cash crops, the output of which per unit was small and 
could not be increased without some revolutionary re
organization permitting the introduction of machines to 
do away with the bottlenecks. 

Mr. E. DE VRIES, while agreeing with the statements in 
Professor Black's paper concerning development of a full· 
farm management plan, felt that his conclusions were too 
optimistic. The experience gained in New England might 
be somewhat misleading; the special possibilities in that 
area with regard to dairy farming would account for the 
fact that conservation measures had given economic 
results. The same might be true of the wine-growing 
districts of France and Switzerland. Milk production and 
wine production were consistent with soil conservation. 

That, however, was not the case everywhere; in most parts 
of the world, and especially the under-developed countries, 
four farmers out of five would lose by undertaking soil 
conservation measures. Professor Black's solution was 
that the State should underwrite the difference. Many 
States, however, would be unable to do so, and even where 
the money was available much education was needed. 

Professor BLACK explained that he had referred to the 
United States only; he agreed that in many parts of the 
world the individual farmers could not generally afford to 
finance needed conservation measures. 

Referring to Mr. de Vries' statement that under
developed countries would be unable to afford conserva
tion programmes, he agreed that it might not be in the 
best interests of their national economy to spend all their 
resources on the conservation of land. They must either 
do what they could with their available resources or ob
tain help from other countries, and determine as part of a 
national programme what was the importance of soil con
servation in their economy. 

In reply to a question by Mr. Kellogg, Mr. CLAY ex
plained that when he had spoken of mechanization he had 
meant to say that in Northern Nigeria, for example, 
twenty families at present cultivating individual plots 
could be grouped so that there would be a continuous 
block of arable land, one-third of which would be under 
grass and two-thirds under annual crops, suitable for 
mechanization or tractor cultivation. 

With reference to rotational cropping, the conclusion 
had been reached in many areas that the future of soil 
conservation resided in the wise use of grass periodically. 
Experience has shown that three-year cultivation and 
three years under grass conserved the soil and prevented 
eroswn. 

Mr. ORozco l\:L said that Guatemala was faced with the 
problem of the classification of soils. Its first need was for 
a staff of technicians on soil conservation. He was himself 
the only expert on the subject in a country of 31 / 2 million 
inhabitants; it was obviously impossible for him alone to 
organize and co-ordinate the various branches of soil con
servation. He hoped that a recommendation would be 
made to his Government to send a large number of students 
to the United States to study the subject. 

A second vitally important problem was the lack of 
literature on agriculture and soil conservation. "Education 
showed no concern for agriculture, which was considered 
as an occupation only fit for uneducated peasants. 
Such an attitude could only lead to disaster." 

The third problem was the lack of agricultural machinery. 
Because of the heavy rainfall and the rocky nature of 
the terrain, millions of tons of soil were lost annually, and 
no steps were taken to prevent it. He asked the Commit
tee to consider the possibility of making agricultural 
machinery available at a moderate price. 

The CHAIR~IAX drew attention to the paper on "The 
Planning of Land Use Improvement in the ..'\:fiddle East" 
by Mr. V. K. Maitland. This paper had been received too 
late to be reproduced. 
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UNSCCUR PROCEEDINGS: LAND RESOURCES 

Soil Survey in Relation to Soil Conservation 

CHARLES E. KELLOGG 

ABSTRACT 

The soil survey carries on researches to determine the characteristics of soils, to classify them into types, to plot 
their boundaries on maps, and to predict their adaptability to plants, their behaviour under different management 
practices, and the yields of crops. It is on the basis of soil classification that the results of experience and of scientific 
research may be synthesized into alternative recommendations. Since farm families need production as well as con
servation the two are inseparable. Thus the soil survey must deal with all soil characteristics and interpretations 
that influence either. 

With the basic soil classification and basic soil map once made accurately, many interpretative groupings and 
maps can be given agricultural advisers. Narrowly defined groups are needed for special programmes and broader 
groups that can be interpreted in terms of farm classification. 

Progress lies along the line of basic soil surveys that can be re-interpreted for many uses from time to time as 
conditions change. Emphasis needs to be given basic scientific training for professional men able to carry on this 
research. Greater facilities for exchanges of scientists among countries and for international meetings are needed to 
perfect international nomenclature and the most effective exchange of knowledge of soil use and management according 
to the kinds of soils where it applies. 

Soil classification and mapping are vitally needed tools 
for developing efficient soil use and conservation. Since 
the theoretical basis has already been developed (7) 1 (8) 
(9) (10) (15), this discussion will deal with the potential use 
and interpretation of soil classification and soil maps. 

Perhaps first it should be made clear what is meant by 
soil conservation, soil and soil survey. The programme of 
the Conference lays equal stress on use and conservation. 
This is well, because soil conservation cannot be separated 
from soil use for production. Soil is a renewable resource: 
it can be used and degraded; it can be maintained or even 
greatly improved for future use. People need the products 
from the soil, desperately; land users need good incomes 
for their labour, now and in the future; and full use needs 
to be made of the labour and genius of farm people. Thus 
the goal in soil usc and conservation is to find for each kind 
of soil the combinations of uses and practices that will 
give sustained production, and to select from among them 
the ones most economical for each unit of operation-each 
farm, ranch, plantation, garden and forest. 

A soil is a particular kind of landscape. It has depth 
and area. It is the product of a unique combination of 
climate, living matter, parent rock, relief and time, often 
modified by use. As we walk across an area of any soil we 
step over a boundary onto another kind of soil where there 
is a significant change in one or more of these genetic 
factors. On the basis of their characteristics soils may be 
classified into units that can be given names. Since the 
same type of soil is found everywhere in the world where 
the genetic factors are the same, uniformity in naming is 
very important. Through the results of the analysis of 
land-use experience and of experiments with soils, and 
their synthesis by classificational units, firm predictions 
can be made of the behaviour of each kind of soil. 

+ Soil survey includes those researches necessary (1) to 
determine the characteristics of soils, (2) to classify them 
into defined units or types, (3) to establish and to plot 
their boundaries on maps, and (4) to predict their adapta
bility to various crops, grasses and trees, their behaviour 

1 Numbers within parentheses refer to items in the bibliography. 

under different management practices, and the yields of 
adapted plants under specific management systems. 

A working concept of soil use and conservation is far 
broader than erosion control-indeed far broader than 
simply the prevention of soil deterioration by any process 
or group of processes. Many good arable soils can and 
must be built up far above their natural productivity for 
crops. The obvious fact that protective covers on the soil 
must be productive covers, leads us to see immediately 
that all techniques of scientific agriculture and forestry 
are involved, not simply those for run-off control. 

Then, too, it is clear that the soil survey must be both 
detailed and comprehensive. Like any other research, a 
lot of routine work is involved. But soil survey is by no 
means simply the mapping of a few thousand standard 
combinations of soil characteristics. The soil classification 
itself must be continually revised and perfected with new 
discoveries in fundamental soil science and in technology. 
Each survey area presents new challenges of soil relation
ships that must be sought out and clarified for quantita
tive predictions. 

PURPOSES 

The primary purpose of the soil survey, like most other 
scientific work, is to make predictions. Each kind of soil 
in the system of classification and as shown on a soil map 
needs a name, a definition, and a set of predictions that 
makes clear the possible management practices and their 
effects on yields and productivity. If clearly stated, farm 
managers can decide reasonably among the alternatives. 
Since these decisions are made within millions and millions 
of individual managerial units-farms all over the world
the classification must be detailed enough to include all 
significant soil characteristics and the maps detailed 
enough to indicate separately areas of soil types significant 
to a farm management system. 

Since the adaptabilities of crop varieties and the effects 
of soil management practices are specific according to soil 
type, synthesis of the results of research and of farm 
experience by soil types provides a basis for predictions in 
map form. Rather we should say map and text since very 
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few predictions can be put on a map. As research progresses 
and technology advances, this synthesis of predictions 
and recommendations by soil types becomes increasingly 
necessary. Practices highly effective on one soil type may 
be wasteful or even ruinous on another soil type, even on 
tlte same farm. In planning research in both field and 
laboratory, model examples of defined soil types need to 
be chosen. Every experimental field plot is a sample of a 
sllil type, as landscape. It needs to be a fair sample of a 
s• til type worth sampling. 

Many of the data required to make predictions about 
soil use and management must come from the careful 
analysis of farm experience, especially where few research 
plots have been established. These analyses need to bring 
out the responses and management requirements of the 
individual soil types, and also of groups of geographically 
associated soil types, whether alike or very different, as 
used together in farm units (1) (2) (5). 

The making of these predictions requires detailed exami
nations of the soils in both field and laboratory. Thus 
the accumulated facts and their interpretations serve a 
great many other important uses, some of which, at times, 
may seem to be even more important than the basic 
central purpose. 

The principal uses of the soil maps and accompanying 
explanations and text are: 

1. Prompt application of proved methods and new dis
coveries in soil and crop management by farmers and 
other land users, and by agricultural advisers; 

2. Planning agricultural research and extending the 
results to the types of soil and kinds of farms where they 
apply; 

3. Rural land classification, rural zoning, and public 
land management; 

4. Land appraisal for tax assessments, farm loans, and 
farm purchasing; 

5. Guiding farm buyers, new settlers, and colonizing 
groups in the selection of land; 

6. Planning engineering works like highways and air
ports, as well as those for flood control, drainage, irriga
tion, and erosion control; 

7. Detailed planning of reclamation by irrigation or 
other means; 

8. Determining the potential distribution and adapta
bility of individual crops, crop rotations, mixed cultures, 
and soil management practices in an area or country; and 

9. Correlation of soil conditions among countries so 
that applicable experience in any one country may be 
a vail able to farmers, scientists and engineers in other 
countries. 

HOW A SOIL SURVEY IS 1\IADE 

Identification of soils 

The first step in making a soil survey is the establish
ment of local units of classification to be shown on the soil 
maps. Their nomenclature and relationship to the general 
system follow their accurate identification and definition 
in the field as supplemented by laboratory data (7) (10). 
The basic local unit is the natural soil type often called the 
"genetic" type. Each of these is defined as a unique com-

bination of surface features, like slope and stoniness, and 
internal characteristics-the texture, structure, color, 
chemical composition and other features of the horizons 
that make up the soil profile to whatever depth is signi
ficant. 2 These units are characterized by field obser
vations and laboratory observations of the chemical, 
physical, biological and mineralogical features of the 
horizons, the geological nature of the parent rock, and the 
geomorphological characteristics of the landscape. 

Any one type includes the soils that are alike in all 
characteristics that are significant in the natural land
scape. Differences in features that are not significant in 
the natural landscape, but which are significant to the use 
of the soil in practical farming, forestry or grazing are 
recognized in subdivisions within the soil type. Thus 
differences in slope, stoniness or degree of erosion that are 
not significant to the natural soil type but which are signi
ficant to its use are shown as phases. Whereas soil types 
are defined on the basis of whole sets of characteristics 
that include all those of practical or genetic significance, 
phase distinctions within them are based wholly on 
practical considerations. Thus soil types are everywhere 
defined the same; but phases are more narrowly defined 
where the agriculture is intensive and less narrowly defined 
where it is extensive. The guide to phase distinctions is 
wholly pragmatic. 

In making phase distinctions emphasis is given to 
relatively permanent features that influence response to 
management and not to ephemeral or transitory things 
like differences in nutrients due to recent fertilization, 
liming, and similar management practices. That is, the 
immediate productivity of areas of the same soil type or 
phase may vary due to recent management history. This 
is especially true of soils that respond greatly to fertilizers. 
But there are not significant differences in productivity 
among areas properly mapped alike when given the same 
management. 

Identification of boundaries 

Having established the units of classification and identi
fied these units on the ground, boundaries are drawn 
among them on detailed base maps or accurate aerial 
photographs. An aerial photograph is not a base map but 
it is by far the most satisfactory base for plotting the soil 
boundaries because of the many details on it that serve as 
control. 3 

Where the pattern of soil types is exceedingly intricate 
it may not be possible to map them separately except 
at extremely large scales-say more than 1: 25,000, the 
usual field mapping scale. In such instances the individual 
soil types and phases are grouped into mapping units 
called complexes each of which is defined in terms of the 
soil types and phases that compose it, their relative 
percentage, and their pattern. 

Since each soil type is the result of a unique combina
tion of the five genetic factors, most soil boundaries can be 

2 Thus only part of the soil characteristics can be preserved in 
samples. 

3 \Vhere aerial photographs are used by soil scientists as a base 
for plotting their data, it is necessary that they have the services 
of qualified cartographic engineers to assemble these into properly 
adjusted maps. 
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seen on the surface where there is a change in one or more 
of these factors. That is, excavations are needed chiefly 
to identify the soil type of a landscape. The actual 
boundary can usually be drawn most accurately by care
ful observations of the landscape. There are, however, 
exceptions. The differentiating characteristic, such as 
an iron crust, a water table or a horizon of carbonate 
accumulation, may lie at variable depths without any 

corresponding surface feature. 
Soil boundaries must be drawn accurately. Although 

soil scientists devote enormous attention to the niceties of 
classification, the great majority of poor soil maps in the 
world are poor because of inaccurately drawn boundaries. 
In detailed mapping each boundary must be seen through
out its course. Unless all boundaries are plotted from 
direct observations the map must be called reconnaissance 
or schematic. 

Data for interpretations. Enough observations are made 
in field and laboratory to clarify the relationship of each 
soil type to its environment, to other soil types and to 
soil management practices. All classificational units are 
given their proper place and names in the general system 
of classification, which shows their genetic relationships to 
one another. 

INTERPRETATION OF SOIL SURVEY 

Many kinds of interpretative groupings and maps can 
be derived from a basic soil survey. Often several of these 
are needed for specific purposes, each one dealing with a 
single objective. 

Observable feaftfres 

In the completed survey, all features of each soil are 
listed. Among those observed directly are slope (degree, 
shape and pattern), stoniness, depth, and the colour, 
structure, texture, and similar features of each hmizon of 
the soil profile. Other relevant observations include soil 
temperatures, kinds of plants and their rooting habits, 
erosion features, and so on. Many characteristics are 
determined partly in the field and partly in the laboratory 
through the use of scientific instruments. These include 
the content of clay, organic matter, plant nutrients, ex
changeable cations, and various clay minerals in the soil 
horizons. The pH of the soil horizons is determined. As 
needed the degree of aggregation, permeability, kind and 
amount of soluble salts, and the effects of additions of 
water are determined. 

Soils may be grouped, and even maps made, according 
to one of these observable characteristics; but such single 
factor maps are not soil maps. 

Inferred qualities of soil 
A clear distinction is essential between those soil charac

teristics that are directly observable in the field or labo
ratory and those qualities that are learned by inference. 
Soil fertility may be estimated from observable charac
teristics and from the results of farmers' fields and 
research plots. But soil fertility is not directly observable. 
Soils may be grouped into fertility classes only by 
inference. 

Groupings of soils by inferred qualities are essential to 
the interpretation of a soil survey. Besides fertility these 

include permeability to water, erodibility, drainage, work
ability (physical condition in respect to tillage), 
bility, and crop adaptability. All of these can be inferred 
from the basic soil survey if the research is carried on 
com pet en tly. 

Separate interpretative maps of these qualities, with 
the soil areas grouped into three or five classes, are often 
useful to agricultural advisors. Thus from the basic soil 
survey soils may be grouped as to good, indifferent, or 
poor, for bananas, wheat, taro, sugarcane, maize, or some 
other crop. Each such map of an area would be different 
from the others. The soils may be placed into a small 
number of classes according to erosion hazard, drainage 

or irrigability. 
Such maps are useful; but they are not soil maps to be 

used for any purpose beyond their narrow limitations. 
That is, the map for erodibility may be entirely unlike the 
map showing fertility classes and one cannot be used for 
predictions involving the other. 

Productivity ratings and yield estimates 

Considering observable characteristics and inferred 
qualities the soils need to be grouped according to yield 
expectancy and management requirements (1) (13). The 
estimated yield of each adapted crop under each defined 
combination of management practice can be exhibited in 
a table. For comparative purposes, yield estimates may 
be transformed into index numbers or productivity 
ratings. That is, besides the estimated yield in tons per 
hectare, an index number can indicate the estimated yield 
as a percentage of an ideal yield. 

Since yield is the inseparable result of management and 
soil, management practice needs to be physically defined 
for each yield prediction. Finally, with the yield estimate 
for each combination of management practices, a pre
diction is needed of the effects of these practices on long
time soil productivity. Certainly any that are recom
mended should at least maintain the soil. 

After the soil scientist has expressed his interpretations 
in these specific terms, agricultural advisors and farm 
managers can select from among the alternatives the ones 
most appropriate for each soil type on a farm. That is, 
recommendations need to take account of the other pro
duction factors. The labour, capital and skill of the farm 
family, and costs, prices, and other economic factors also 
influence the optimum combination of enterprises for a 
farm (2) (5). 

special groupings 
Important examples of special groupings4 that can be 

derived from a basic soil survey for use by agricultural 
advisors include: 

1. The relative adaptability of 
rotations, and mixed cultures. 

crops, crop 

2. Requirements for liming to reach a certain soil 
reaction. 

3. General plant nutrient deficiencies or requirements 
for kinds and amounts of fertilizers. (These show what is 
needed generally in the farm system; but amounts needed 

are useful whether or not a special map is made 
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a~ a particular time on specific fields vary according to 
p:-evious practice). 

4. Resting or fallow requirements (cultivated fallow, 
kng leys, or forest fallow). 

5. Run-off and erosion control practices (adaptability 
to specific types of terraces, use of contour ploughing or 
strip-cropping, or minimum requirements of sod crops and 
cover crops). 

6. Soil blowing control practices. 

5 vstems by soil associations 

The above groupings and interpretations are for the 
ir~dividual soil types and phases shown on the soil map. 
Actually most farms are made up of several soil types that 
n•)rmally occur associated together geographically. Such 
a geographic grouping of soils is called a soil association. 
The individual soils in it may be highly contrasting. Thus 
rr any farms may have similar combinations of soils be
longing to one soil association. In a strongly dissected 
country, for example, each farm may have soils on alluvial 
bottoms near streams, steeply sloping soils on the margins 
of the stream valley, and undulating soils on the higher 
uplands. Working co-operatively with agronomists, agri
cultural production economists, and others, soil scientists 
can suggest the general farming systems most effective for 
each of the several soil associations. (3) 

GENERALIZATION INTO LAND CLASSIFICATION 

and still there is no firm classification or map usable for 
predictions to farmers. 

Soil units grmtped according to management systems. The 
most important general groupings-often called land clas
sification-are those according to adapted management 
systems or according to management requirements to 
reach optimum sustained production (12}. Modern soil 
surveys of the American Soil Survey contain groupings 
according to (1) adaptability to broad land-use practices, 
(2) management requirements for optimum sustained 
production, and (3} yield expectancy. With these, land 
classifications for land appraisal (6), rural zoning, public 
land management, and so on are easily made. In the 
programme for erosion control in soil conservation districts 
in the United States, the mapping units on individual 
farm maps are grouped into "land treatment" groups 
somewhat similar to soil management requirement groups 
but with major emphasis upon erosion control practices or, 
sometimes, drainage requirements. In this same pro
gramme, these groups are sometimes further combined in to 
broad so-called "land-use capability" classes. Such groups 
indicate something of the intensity of management needed 
for erosion control but are much broader than the name 
suggests, since they are too heterogeneous to serve as a 
basis for predictions regarding the adaptability of in
dividual crops, rotations or mixed cultures, the responses 
of individual soil management practices, or yield estimates. 
For these one must go back to the land treatment or 
management groups, and usually back to the individual 
soil type or phase. 

The term "land classification" is used for many very 
different things. Lands have been classified according to 
some single factor or interpretation. They have been 
classified according to a careful synthesis of all relevant Gro2tping by soil association areas 
natural and social factors. Unfortunately, names have The grouping of similar soils (taxonomic groupings) do 
sometimes been chosen for the classes that connote a far not permit reduction in the map scale even though many 
greater degree of homogeneity within each class than ac- boundaries do drop out. (14) No matter how strongly 
tually exists and a degree of detailed research far beyond contrasting soils are grouped, detailed boundaries remain if 
that actually done. the pattern is intricate. Three examples among a great 

Perhaps the most important fault of many so-called many can be cited: regions with small areas of muck soils 
land classifications is the failure to separate clearly the in a glacial plain, hilly or mountainous regions with 
fundamental facts and the interpretations from them, on narrow alluvial valleys, or coastal areas with alternating 
the one hand, from transitory economic, institutional and narrow strips of soils varying in drainage and texture. To 
social conditions, and interpretations from them, on the generalize such areas on small-scale maps, like and tmlike 
other. If all are mixed in the basic classification and map, soil types that occur together in the geographic pattern 
re-interpretation in the light of new conditions is im- must be grouped into soil associations, entirely analogous 
possible. The whole job must be done over again. to plant associations. Even on soil maps of 1:50,000 or 

The basic soil survey needs to be carried out as an es- 1: 100,000 some parts must be shown in soil associations; 
sentially technical and scientific activity, and then inter- and at scales of 1:500,000 or smaller all soils must be 
preted in the light of current economic conditions. With shown in soil association groupings.5 

subsequent changes in these conditions, or in agricultural Each soil association needs to be defined by the names, 
techniques, it is an easy matter to re-interpret the classifi- percentages and patterns of the soil types and phases 
cation and map without extensive revision of field work. composing it. Even on detailed soil maps where all the 
This is exceedingly important. Time and time again individual boundaries areshownsuchgeographicgroupings 
"Ehort-cut" rural land surveys have been made for some are useful as a basis for classifying the soils of whole farm 
narrow objective, perhaps at a slightly lower cost than for units. For detailed predictions one must go back to the 
a basic soil survey, only to become obsolete in a very short individual soil type but type of farming is often strongly 
time. Such surveys are irreparable except by doing the influenced by the pattern of soil types. On generalized or 
whole job over again, because vital data are ignored, facts schematic maps only the associations can be shown but 
are mixed with interpretations, boundaries between where accurately defined the user can learn what soils are 
rntpping units are inaccurate, or there is some com- ---
birration of these factors. Some rural areas have been Many published generalized and schematic soil maps are 

extremely misleading because they indicate what are really soil 
surveyed with more than one of these short-cut surveys association areas by the names of the dominant soils only, thus 
at a total cost approximating that of a basic soil survey enormously over-simplifying complicated soil patterns. 
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included and how to recognize them for the detailed ap- classification and interpretation with a little ad-
plication of recommendations (4) (11). ditional field work. 

PRESEXTATIOX OF SOIL SURVEY DATA 

Since soil maps are used mainly in reference to small, 
identifiable tracts~fields and farms~anv detail in soil 
mapping beyond the detail and accuracy ~f the base map 
is wasted. Nor should a scale for map publication be used 
larger than that required to read the map efiectively. 
Scales for detailed soil maps vary from about 1: 20,000 to 
1:50,000. An individual farm plan often needs to be on a 
scale of 1:5,000 in order to show terraces and 
other details clearly. Yet it is cheaper and more con
venient to enlarge the portion of the basic soil map needed 
than to publish the whole map on such a scale. 

The publication of the basic soil 
elude interpretative maps. However for an im
mediate purpose, these should never be published as a 
substitute for the basic soil map showing the objective soil 
classification. The basic soil map has an enormous number 
of uses that can be served by its interpretation. It be
comes impossible for it to serve these uses if only inter
pretative maps are published. 

In text each mapping unit needs to be 
named in system classification, defined in all relevant 
detail, and placed in its proper class in the various inter
pretative groupings. \Vith new developments in techno
logy, supplemental texts can be issued from time to time. 
It is important to keep a permanent record of the facts. 
If the mapping is done accurately, reviews can be made in 

COSTS 

Costs of soil surveying vary enormously, even within 
the same depending on (1) the availability of 
detailed base maps and especially of aerial photographs, 
(2) the character of the soils and the complexity of the 
pattern, (3) the data and experience already available 
regarding the soils to be mapped, ('1) ease of travel to and 
over the area, and (5) the extent to which morphological, 
mineralogical, chemical, physical, and fertility studies 
needed in the classification and interpretation must be 
financed directly from the funds for the surveyor. In a 
semi-arid grassland country, it is comparatively easy to 
get over the land and see the physiographic features. In 
the humid tropics, on the other hand, it is often necessary 
to cut by hand at frequent intervals through the 
jungle and examine the soils to more than two metres in 
depth. 

Estimates shown in the table below some general 
idea of costs. These do not include costs for travel to the 

many things can influence these costs. It is 
highly-qualified professional personnel will 

salaries. In almost all situations costs will 
be lower by using well-paid professional personnel than by 
using poorly-paid people whose work needs careful check
ing and extensive revision. 

To many these costs may seem high and encourage a 
search for some "simple" survey. As pointed out before, 
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these are almost always disappointing and usually more 
costly in the long run. 

When a schematic map is needed of a large area, the 
best plan is to make a soil association map in a recon
naissance survey with sample detailed surveys of each 
association. 

Estimated Costs of Basic Soil Surveys Under 
Three Situations 

(1) For detailed planning and recommendations in an area to 
be irrigated following a schematic survey showing the area to be 
generally suitable, (2) for detailed recommendations to farmers in 
an area of Chernozem (sub-humid grassland) not to be irrigated, 
and (3) for a brushland grazing area with few roads and prospects 
for mixed dry-farming and grazing. 

(1) (2) (3) 
Approximate field 

mapping scale 1 : 15,000 1 : 20,000 1 : 20,000 
Approximate publi-

cation scale. 1 : 20,000 1 : 30,000 1 : 50,000 

Per sq. Per Per sq. Per Per sq. Per 
Cost (in dollars) mile hectare mile hectare mile hectare 

Classification and 
correlation 10.0 0.037 5.0 0.020 1.5 0.005 

Field mapping 70.0 0.269 35.0 0.136 7.0 0.027 
Laboratory. 10.0 0.037 4.0 0.015 0.5 0.002 
Interpretation 5.0 0.020 2.0 0.007 0.5 0.002 
Preparation of text 3.0 0.012 1.5 .005 0.5 0.002 
Preparation of map . 32.0 0.123 16.5 .064 3.0 0.012 
Publication. 24.0 0.094 13.0 .049 2.5 0.010 
Administration 6.0 .022 3.0 .012 0.5 0.002 

Total cost (exclusive of 
aerial photographs) . 160.0 0.62 80.0 0.309 16.0 0.062 

Cost for photographing 
unflown areas 
(roughly) . . . . . . 3.50 0.015 3.50 0.015 3.50 0.015 

Cost of prints if nega-
tives already available 
(roughly) . . . . . . 0.65 0.0025 0.33 0.0015 0.33 0.0015 

INTERNATIONAL CO-OPERATION 

All places in the world having the same combination of 
soil genetic factors have the same soil type. Knowledge 
gained through experience or research in one place is 
relevant to all like places. Contrawise, good practices for 
sustained production on one soil type may be wasteful or 
even ruinous on a different soil type. 

To make optimum use of agricultural science in any 
country and throughout the world, it is essential to have a 
consistent scheme of soil definition and nomenclature. 
Soil scientists of the various countries must have op
portunity for working together in order to pool their 
knowledge and reach mutual understandings on the use of 
a vast terminology. Then through orderly scientific cor
relation of soil classificational units, the general system of 
classification and world soil maps may be continually im
proved. The general spread of efficient practices for 
sustained production depends upon good world soil maps 
properly interpreted. Soil scientists urgently need the 
support of their research institutes for travel outside of 
their own countries. 6 

6 The International Society of Soil Science held several con
gresses in the past. More regional meetings are needed like the one 
sponsored by the French Government in 194 7 and that on tropical 
soils in the U.K. in 1948. 

NEED FOR TRAINED SOIL SCIENTISTS 

The number of trained soil scientists in the world must 
be greatly increased, else the soil classification and 
mapping, and the correlative research, needed to achieve 
production and conservation cannot be done. The use of 
inadequately trained people instead would result m un
reliable work and wastes of funds. 

The carrying out of sound soil survey work requires 
men of unusual ability. They must be good travelers, 
good observers, and able to work in far less than ideal 
conditions. Two points are especially important in 
developing staffs of soil scientists for this research: 

1. They should be general soil scientists, broadly trained 
in all phases of the subject, including soil chemistry, 
soil physics, plant nutrition, soil microbiology, mineralogy, 
and geomorphology as well as soil morphology, genesis, 
and geography. At least part of the staff needs an under
standing of production and institutional economics. The 
data used by soil scientists in soil classification and its 
interpretation come from all fields of soil science and from 
horticulture, agronomy, forestry, engineering and agri
cultural economics. Unless well trained in fundamental 
science and language, workers cannot interpret the results 
of others and use them. The special techniques should be 
reserved for initial training on the job and not attempted 
in the university. 

2. They must be able to look forward to continuous 
employment in a research institute with good opportuni
ties for advancement, else the better scientists will leave 
the work. One cannot expect to organize good soil surveys 
on a temporary basis or simply as a routine service to 
some administrative programme. 
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Soil Surveys in Relation to Land Use and 

Soil Conservation in Canada 

A. LEAHEY 

ABSTRACT 

This paper presents information on the organization of and the types of soil surveys made in Canada and certain 
applications of soil survey information during the past twenty-five years. Joint support of soil surveys by Dominion 
and Provincial Governments and the agricultural colleges has materially promoted the application of soil survey 
information. The basic programme of soil surveys in Canada is to carry out systematic mapping of all present and 
potential agricultural lands by means of reconnaissance surveys but detailed and broad reconnaissance surveys are 
also conducted for special purposes. Soil survey information has been used for such purposes as soil and crop zonation, 
land settlement, suitability of soils for irrigation, soil erosion control, re-adjustment in land use, research and extension, 
evaluation of land, and inventory of soil resources. 

----~-·~-·- "----~--

The purpose of this paper is to present some specific 
applications of soil survey information to land use and soil 
conservation problems in Canada during the past twenty
five years. In addition mention will be made of the or
ganization which has been evolved for carrying out soil 
surveys and of the types of surveys which have been 
conducted as both these matters have had a distinct 
bearing on the utilization of the knowledge provided by 
soil surveys. 

The nature, intensity of land use, and the political 
organization of a county are among the principal factors 
governing the kind of soil survey programme that is 
developed. Hence a few remarks about Canada may not 
be amiss. While most of Canada is not suitable for agri
culture, the area occupied by farms is nevertheless quite 
large, slightly exceeding 271,000 square miles. These 
lands, while generally limited to the southerly portions of 
the country, are scattered over wide areas from the At
lantic to the Pacific Oceans, a distance of over 3,000 miles. 
The prevailing type of agriculture may be classed as ex
tensive as the great bulk of the cultivated land is used for 
the production of grain, hay and pasture crops and the 
majority of the farms exceed 100 acres in area. Then agri
culture in many parts is of recent origin and there are still 
millions of acres of virgin land suitable for farming pur
poses. Politically Canada is divided into ten provinces 
and the governments of these provinces and also of the 
Dominion may engage in such matters of agricultural re
search as seems desirable or necessary. 

Soil surveys were first started in a few provinces through 
grants-in-aid to agricultural colleges by the Provincial 
Governments concerned. Later the Dominion Govern
ment gave support to any province wishing to carry on 
soil surveys. This policy resulted in the expansion of such 
work to all provinces. Thus at present soil surveys are 
jointly supported by both Provincial and Dominion 

Governments and by the agricultural colleges. Correlation 
of the work of these provincial soil surveys has been ac
cepted as a responsibility of the Dominion Government. 
In this connexion an advisory National Soil Survey Com
mittee established about eight years ago has been of 
material assistance in promoting uniformity in nomen
clature and in descriptive terms across the country. 

This kind of organization has been advantageous in so 
far as increasing the utilization of soil survey information 
is concerned. One important point is that the information 
is immediately available for teaching purposes to agri
cultural students, as the headquarters of the soil surveys 
are located in most provinces at the agricultural colleges. 
Also, the surveys staffs within each province are readily 
available for consultation by other agricultural workers in 
each province. In fact, in some instances, the demands on 
the survey staffs for soils information is such as to make 
serious inroads on their time. However, such advisory 
work probably should be considered as a definite part of 
soil survey work for no matter how valuable the infor
mation may be, the work will not receive much public 
support unless it is applied to advantage. 

TYPES OF SURVEYS 

Soil surveys have and are being conducted •vith a widely 
varying amount of detail. For discussion here these sur
veys may be grouped into three classes, namely, recon
naissance surveys, detailed surveys and broad recon
naissance or exploratory surveys. 

Reconnaissance soil s~trveys. These surveys are made in 
a systematic manner with traverses at intervals usually 
one mile apart, although the traverses may vary from half 
a mile to two miles apart. The distribution of the soils is 
shown on maps ranging in scale from one mile equals one 
inch to three miles equals one inch. In these reconnais
sance soil surveys aerial photographs have been of great 
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assistance in plotting the boundaries of the mapping units, 
pa.rticularly in wooded areas. 

The reconnaissance type of soil survey as defined above 
cmstitutes the basic programme of soil survey work in 
Canada since it is by means of such surveys that the 
systematic mapping of our present or potential agri
Cllltural lands is being made. In all provinces the major 
etfort is directed toward completing this systematic sur
vey as rapidly as possible. It may be of interest to note 
here that while soil surveys were first started in a more 
detailed manner in several provinces, all survey organ
izations are now concentrating on the reconnaissance sur
vey. The reason for favouring the latter type of survey 
appears to be because of the fact that under Canadian 
cunditions such surveys have provided the most infor
mation at the least cost. 

Detailed soil surveys. These surveys are at present car
ried out only in areas where there is an immediate need for 
more soils information than can be provided by recon
m.issance mapping. 

So far, detailed mapping has been confined largely to 
present or proposed irrigation projects, orchard or truck
cropping lands, experimental stations, sample areas where 
it is desired to obtain a roughly quantitative picture of the 
amount of soil which has been eroded and to farms where 
water-erosion control practices are to be established. In
formation from these detailed surveys is shown on large 
scale maps which may vary in scale from 200ft. equals one 
inch to 1,320 ft. equals one inch. The information from 
these detailed soil surveys is seldom printed but enough 
reports and maps are prepared by less costly means for 
distribution to the agriculturists or engineers concerned 
with the particular project. 

Broad reconnaissance surveys. The objective of these 
broad or exploratory surveys is to obtain a generalized 
picture of the nature and distribution of the major soil 
associations. Traverses are made at intervals of several 
miles and no regular pattern of traversing is followed as 
this matter is best determined by the nature of the coun
try and the distribution of the various soil associations. In 
Canada, where we have large areas of land and a limited 
number of soil surveyors, these broad reconnaissance sur
veys have proved to be very useful for quickly obtaining 
information on the nature and distribution of the major 
types of soil and for selecting areas which require sur
veying in a more detailed manner. 

SOME APPLICATIO){S OF SOIL SURVEY INFORMATION 

Since soil surveys may vary in detail and scale of 
mapping to meet local needs and conditions it is not to be 
expected that all soil surveys will be equally valuable or 
a(lapted to all of the existing or proposed uses. With this 
qualification one can state that soil survey information 
can be used for a great variety of purposes. In this paper, 
however, mention can be made only of a few specific fields 
where soil surveys have made outstanding contributions. 

Perhaps the best proof of the value of soil surveys lies in 
the fact that this work is now a permanent part of the 
agricultural research programme of the Dominion and all 
oi the Provincial Governments. This was not always the 
c;;.se, as for a considerable period soil surveys were con
ducted on a more or less trial basis. However, as this kind 

of soils information gained in volume and in quality and 
as surveyors became more experienced, considerably 
greater use was made of the information by an increa.sing 
number of people. Experience in Canada clearly shows 
that public support and demand for soil survey work 
steadily increases as the volume of information from this 
work becomes more extensive and more readily available. 

Soil zones. Probably the most obvious result from soil 
surveys in Canada lies in the fact that surveyors could 
establish a number of soil zones in the agricultural areas. 
While these soil zones were established on the basis of soil 
characteristics they can be closely correlated with climate 
and native vegetation. Hence these zones are extensively 
used as the basis for numerous recommendations regarding 
farm practice, such as general cropping and cultural 
practices, zonation recommendations for cereal and forage 
varieties, for planning of production, and for numerous 
other purposes. 

Land settlement. Information provided by soil surveys 
has been used in all provinces for directing land settlement 
particularly on virgin crown lands. Soil surveys in some 
provinces have been conducted for the specific purpose of 
providing information so that settlers could be directed to 
the better lands. In Alberta soil survey information has 
been used to delineate those areas within which settlement 
may or may not be allowed to take place. Furthermore 
this province will not grant a homestead or an agricultural 
lease unless a soil survey report shows that the land is 
suitable for farming purposes. 

Under the Veterans' Land Act the Dominion Govern
ment has made extensive use of soil survey information in 
selecting farms on which to settle veterans. New settlers 
and farmers desiring to change locations are also using this 
information in increasing numbers before deciding on the 
location of their new farms. 

Irrigation projects. \Vhile detailed soil survey infor
mation on irrigated lands is necessary for the guidance of 
management practices, the value of this information is not 
so much appreciated for this reason as for the fact that the 
surveyors can furnish to the engineers and others con
cerned a comparatively simple rating or assessment of the 
soils as to their suitability for crops under irrigation. This 
comparative rating is considered of such importance that 
on practically all new proposed projects, soil surveys are 
deemed essential before engineeringworks are constructed. 

~early all of the earlier irrigation projects were con
structed without adequate soil information on the lands 
which were to be irrigated, with the result that many com
plaints were later made by the farmers with regard to 
their irrigation assessments. Later some of the irrigation 
companies found that assessments based on soil surveys 
were the fairest and most of these older projects have now 
been soil-surveyed. The value attached to this work is 
indicated by the fact that the irrigation companies con
cerned paid most of the costs entailed in carrying out 
the surveys. 

Soil erosion control. To be successful, control practices 
for either wind-erosion or water-erosion of soils must be 
based on adequate soil survey information. Generally, for 
the purpose of recommending wind-erosion control prac
tices, it appears that the reconnaissance type of soil survey 
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is sufficient. However, from our somewhat limited ex
perience in controlling water-erosion, more detailed soils 
information is necessary. This is especially the case if 
engineering works, such as terraces, are to be constructed. 
Nevertheless, the systematic reconnaissance surveys do 
show the areas where water erosion is a problem and the 
nature of the soils in those areas. Thus attention can be 
focussed on the most seriously affected areas and some 
general recommendations can be made regarding proper 
control measures. As a rule the Canadian soil 
surveys do not conduct detailed surveys for farm-planning 
purposes unless there is an immediate prospect that water
erosion control practices will be adopted by the farmer. 

Readfustment in land use. Major changes in land use are 
sometimes a necessary part of soil conservation. Soil maps 
and other soil survey information have been used to a 
considerable extent in Canada in deciding what lands 
should be taken out of cultivation and put down to either 
grass or forest. The development of community pastures 
in western Canada resulted in the removal of thousands of 
acres from cultivation. The location of these pastures was 
decided on only after careful consideration of the infor
mation revealed by soil surveys. 

Research and extension. Perhaps the most valuable con
tribution soil survey has made to the agricultural industry 
in Canada has been in the fields of research and extension. 
Soil survey information has enabled us to examine more 
critically much of the experimental and research work 
done in the past and to interpret and correlate more 
closely the results. The importance of knowing where the 
results of experimental work are valid, and where they 
are not, can hardly be over-emphasized. Soil surveys have 
brought to attention many problems and have indicated 
new directions along which investigation might profitably 
develop. 

Comparative rating and evaluation of soils. The question 
of comparative rating and evaluating of soils is a difficult 
one. In this connexion the soil productivity ratings in
cluded in the reports are used extensively by those con
cerned with the evaluation of land. One province bases its 
farm land assessments on such ratings while other provin
ces also use such information for the same purpose but to a 
lesser extent. Judged by the demand for this information, 
financial institutions, such as mortgage companies and 
banks, seem to recognize the value of soil survey results 

for evaluation purposes. While mistakes occur in rating 
soils on the basis of their suitability for crops, experience 
in Canada indicates that the judgment of a competent soil 
surveyor on this matter can be accepted with considerable 
confidence. 

Inventory of agricultural lands. The systematic recon
naissance survey programme when completed will provide 
a reasonably reliable inventory of our lands. Such an in
ventory will be of particular value in a young and large 
country such as Canada, where, at least in the past, there 
has been a strong tendency to over-estimate greatly the 
amount of land suitable for agriculture. Information 
provided by soil surveys has already resulted in the 
development of a more realistic attitude and a better 
predation of the need for conserving our present 
cultural soils. 

Only a few of the contributions made by soil surveys 
toward the wise use of land in Canada have been presented 
here. However, perhaps enough has been said to indicate 
why soil surveys have wide public support in the Do
minion. 

DISTRIBUTION OF SURVEY COSTS 

The cost of conducting soil surveys depends on so many 
factors that there would be little point in stating the costs 
for any particular survey project here. However, the 
average distribution of costs for a reconnaissance survey 
may be of some interest. For an area which is mapped 
during one field season the break down of costs would be 
about as follows: salary of surveyor and assistant, 60 
per cent; field maintenance and travelling, 15 per cent; and 
preparation and publication of report and map, 25 per 
cent. 

The cost of making the information available to the 
public represents a major item of expense. Even though 
the proportionate cost can be reduced by including as 
large an area as possible in the report and map, the above 
statement holds true. This would be even greater but for 
the fact that soil survey organizations in Canada seldom 
have to prepare base maps. Aerial photographs are used 
extensively but so far it has not been necessary to compile 
base maps from them because maps published by the 
various topographical surveys are generally suitable for 
soil survey purposes. 
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Soil Survey in Relation to Soil Conservation 

L. I. GRANGE 

ABSTRACT 

Soil surveys are an indispensable basis for soil conservat~on stuqies. This is illustrated by describing two soil 
erosion surveys, one of the w o e of t ew Zealand ;;;rurthe other of the high country of the South 
Island. In the North Island survey, erosion was found to be related closely to soil types. The classes of erosion fitted 
into a grouping of the different soils. Mapping based on soil type has the advantage that, once the class of erosion is 
known from the active erosion displayed on it, the whole soil type can be placed in the same category, thus including 
areas that are potentially erodible if the vegetation cover is lessened. A table shows the acreage of the classes of 
erosion in the North Island. This general survey, produced fairly rapidly from the soil map, is used by the Soil Con
servation Council in planning experimental areas to try out methods of lessening soil loss. In the South Island, the 
high country was mapped according to the amount of topsoil lost in the actual erosion. The kind and severity of erosion 
were related to soil types. The erosion surveys, particularly the North Island method, are considered to form a sound 
framework for the development of detailed surveys. 

In New Zealand it has been found that soil surveys are 
an indispensable basis for soil conservation studies. This 
may be illustrated by describing two general soil erosion 
surveys made by the Soil Bureau. 

SOIL EROSION SURVEY OF THE NORTH ISLAND (1) 1 

(27,801,000 ACRES) 

With the setting up of a Soil Conservation and Rivers 
Control Council for the whole of New Zealand and the 
formation of a dozen Catchment Boards, it became neces
sary to conduct a general survey to find out the magni
tude, distribution, and seriousness of the various kinds of 
erosion in order that experimental areas designed to 
combat erosion may be wisely located. 

A soil map of the Korth Island on a scale of four miles 
to an inch made by the Soil Bureau (since published) was 
tried as a basis for the mapping. The survey soon showed 
that erosion was related closely to the soil types. A legend 
was drawn up consisting essentially of agroupingof the soil 
types. In a few cases there was a discrepancy, but a check 
back on soil 1 ypes generally revealed that there was an 
error in the soil mapping. 

It should be pointed out that the survey did not dis
tinguish between actual and potential erosion. A soil type 
in one locality may be eroding badly with a particular 
kind of erosion; in another, the erosion on the same soil 
type may be slight, since the farmer is practising good 
farm management or farming has been of short duration; 
and in yet another, similar soil may be showing no loss, 
since it is protected by forest. The survey mapped actual 
and potential erosion, taking as a clue for the potential the 
active erosion on the same soil type. The seriousness of 
erosion is recorded by notes for the various districts on 
each soil type. 

Three kinds of erosion were recognized: (a) slipping, 
(h) wind, and (c) sheet. As well, there are the soils on 
·which little or no erosion takes place. The kinds of 
erosion can be examined to see how they relate to soil 
types. 

1 Numbers within parentheses refer to items in the bibliography. 

For slips which take place on steep and hilly slopes, the 
following classification was adopted: 

Slips expose soft rock; 

vegetation establishes 
quickly 

Slips expose hard rock; 

vegetation establishes 
slowly 

Slips expose rock; erosion 
of the rock follows 

Mudstone 

Sandstone 
Crumbly mudstone 

Sandy mudstone 

Hard sandstone 

Shattered greywacke 
Soft sandstone 
Shattered shale 
Shattered mudstone 
and unconsolidated sands 

Each of these nine subdivisions corresponds to soil 
types. The soils lying on soft rocks form deep soils owing 
to the continual soil creep bringing fragments of rock into 
the soil profile; the hard rocks give shallow soils; of the 
rocks that erode by further slipping and gullying may be 
mentioned those from siliceous cretaceous sediments low 
in bases, which give rise to light-coloured soils of low 
fertility. Differences in soil profile are found in the further 
split that gives nine types of slipping surface material. 

Wind erosion occurs on soils derived from dune sands, 
pumiceous sands, and from andesitic volcanic ash. The 
sands form soils with a sand texture which, being little 
leached, are free. The volcanic ash with moderate leaching 
forms a loam aggregated to a friable structure by free iron 
oxide. All are easily moved by the wind when the vege
tation is sparse, exposing the soil. 

Sheet erosion occurs on greywacke soils that carried 
beech (Nothofagus) forest. The soil is shallow and highly 
leached. When the forest has been cleared, scrub invades. 
During the periods when the soil is bared after burning the 
scrub, sheet erosion takes place. 

The areas of the different kinds of soils that are eroding 
or liable to erosion are shown in the table overleaf which 
also includes the acreage of forest on the classes of soil 
erosion and the balance that is in grass or scrub: 
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Total 
acres 

1. Slipping 
(a) Slips that lead to slow 

deterioration of the land 
but not sufficiently seri-
ous to interfere with 
agricultural utilization . 3,200,000 

(b) Slips that lead to sig-
nificant rapid deterio-
ration of the land and 
the agricultural utili-
zation of the land is 
in doubt if remedial 
measures cannot be 
adopted 6,163,000 

2. Wind erosion 
(a) On flat and rolling land 2, 739,000 
(b) On hilly and steep land 1,101,000 
(c) On steep land of high 

altitude, rapid deterio-
ration of the land . . . 717,000 

3. Sheet erosion 
Rapid deterioration of the 

Forest Grass and 
acres scrub acres 

263,000 2,937,000 

3,080,000 3,083,000 

712,000 2,027,000 
444,000 657,000 

160,000 557,000 

land . . . . . . . . 1,324,000 396,000 928,000 
4. Little or no soil erosion. 12,557,000 817,000 11,740,000 

Totals .. . 27,801,000 6,872,000 21,929,000 

The total area of the three classes on which rapid 
deterioration is actual or potential if the cover is changed 
is 8,204,000 acres. If forest areas are excluded, these being 
wholly potential, there is a balance of 4,568,000 acres in 
grass and scrub where erosion is predominantly active. 

The survey thus delimits a fairly large area in which 
erosion is or is liable to be a serious problem. Areas now 
in forest present little difficulty, as under ruling economic 
conditions there does not appear to be any danger of their 
utilization being changed. Soils under grass and scrub, 
4,568,000 acres, need urgent action to determine their 
utilization. Experiments are required to ascertain whether 
grazing on the grasslands can be safely continued, and 
whether the scrub areas should be cleared for agricultural 
use. The Soil Conservation Council now has conservation 
experiments located on two of these classes, which should 
provide an answer. 

SOIL EROSION SURVEY OF THE HIGH COUNTRY OF 
THE SOUTH ISLAND-10,393,000 ACRES (2) 

The land, mostly of steep topography rising from 600 to 
12,000 ft., carries a tussock vegetation. It can be de
scribed as typical range country. Erosion has been caused 
by depletion of the vegetation brought about by burning, 
and grazing by rabbits and sheep. 

The soil survey showed three main types of soil
Alexandra, Omarama, and Kaikoura. The Alexandra 
soils occur in districts with rainfall between 13 in. and 
17 in., the Omarama between 17 in. and 35 in., and the 
Kaikoura soils between 35 in. and 75 in. H.ainfall differen
ces cause differences in soil processes which give rise to 
distinct profiles. 

On the Alexandra and Omarama soils, removal of top
soil from bare slopes is caused by sheet and wind erosion. 
Frost heave loosens a thin layer of topsoil which on sunny 
faces rapidly dries out and is lifted by the wind. Repeti
tion of this process in the long run means the loss of much 
topsoil. As well, there is sheet erosion-movement of top-

soil down the slope during the melting of snows and by 
ordinary creep, causing a thickening of the soil at the 
foot of the slope. It is not uncommon on Alexandra soils 
to find places on the upper part of hillsides where all the 
topsoil has been removed, whereas on Omarama soils some 
topsoil generally remains, sufficient to allow vegetation to 
establish itself if seeds are present and protection given. 
Besides loss of topsoil on Alexandra soils, it has been 
noticed that gullying of steep slopes has commenced in 
several localities. 

Kaikoura soils at low altitudes erode in a different 
manner. Instead of a fairly uniform removal, a patchiness 
develops-areas in which wind has removed in a face soil 
and subsoil and the intervening ground is not eroded at 
all. The pattern is similar to that on the pumice soils in 
the North Island. At high altitudes, Kaikoura soils com
monly give place to long rock scree slides which in some 
cases occupy more than half the surface of the mountain
side. In the areas in these altitudes not covered by screes 
the soils are loosened by frost action and are in many 
places moving gradually downhill. 

The survey, unlike that of theN orth Island, mapped the 
erosion according to the amount of topsoil removed, 
following the classification used in United States of 
America. Below are the acreages of the various degrees of 
erosion: 

None or very slight Slight 1Yfoderate Severe Extreme 
eYoszon erosion eroswn erosion erosion 

Forest Non~ forest 
412,000 1,4·18,000 1,553,000 2,996,000 1,585,000 623,000 

Ao·es 
Total area of above soils. . . . . . 8,617,000 
Rock and scree at high altitudes (not man~ 

made erosion). . . . . . I, 776,000 

Total area of high country ........ 10,393,000 

The highest percentage of severe and extreme erosion 
occurs on the Alexandra soils. 

The Soil Conservation Council has purchased a sheep 
station on the Omarama soils to try methods of increasing 
the vegetation cover to arrest erosion. 

As yet, no general survey has been made of other areas 
of erosion in the South Island-the sheet eroding hilly 
soils of Nelson and Marlborough Sounds, 500,000 acres 
(related to the sheet erosion of the North Island), and the 
downland soils of eastern South Island, 1 million acres 
(following cultivation for cropping). 

It can be said in conclusion that general surveys of 
erosion based on soil types lead to results of value. They 
outline the problems, and, it is considered, form a sound 
basis for detailed surveys and for detailed study of the 
processes and rate of erosion. General surveys piece to
gether the processes from observations at several locali
ties. Recording at specific localities over a period of time 
is necessary for reliable results. 
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Soil Survey in Relation to Soil Productivity 

A. MUIR 

In view of the relatively small variations in climate over 
Great Britain it is to be ·expected that the rock material 
from which soils are formed would exert a dominant in
Jluence on soil development. In addition, cultivation has 
been practised for such a long time over much of the arable 
land that the soils have completely lost most of their 
natural characteristics. The result is that it has long been 
customary in this country to refer to soils in terms of their 
parent materials, e.g., chalk soils, granitic soils. 

The soil survey, which set the pattern for much of the 
soil work up to the First World War, was that of Hall and 
Russell of the counties of Kent, Surrey and Sussex. This 
is an area, like much of the South of England, in which the 
effects of the Great Ice Age are so slight that the soils can 
be considered to be derived from the underlying rock. The 
aim of Hall and Russell was to demonstrate this and no 
attempt was made to construct a soil map-the geological 
map was considered adequate. Soil surveys of this type 
were continued in various parts of the country. 

\Vith the fairly dose correlation between soil and rock 
in many of the important agricultural areas of the country 
and the fairly complete set of geological maps available, 
the need for soil maps in the present day sense was not 
generally felt. 

vVhile soil advisory officers had appreciated the signifi
cance of soil differences other than those due to parent 
materials, it was not until the 1920's that they began to 
realize the deficiencies of the older approach to soils and 
the first steps towards a national soil survey were taken. 
In the years following the First World War the Ministry of 
Agriculture made several appointments of soil surveyors 
as assistants to the soil advisory officers. 

An impetus to the soil survey was the need for the in
vestigation of specific problems, especially those connected 
with fruit growing. Surveys of fruit areas in the West 
l\!Iidlands (1) 1 and East Anglia (2) were made but soil maps 
were not always constructed. The identification of soils by 
their general morphology and not by one character alone 
was a big step forward and a deeper understanding of the 
relations between soil and crop management was obtained. 
Later work on fruit areas has included the making of soil 
maps on the basis of the soil series and some of these have 
been published (3) ( 4) ( 5). 

In addition to the use of soil survey for the study of ad 
hoc problems a beginning was made in the 1920's with the 
systematic mapping on modern lines of large areas. The 
most notable contribution to this aspect was made by the 
Welsh workers, under Professor G. W. Robinson, in their 
soil survey of Wales (6) (7) (8) (9). 

Other areas in which similar surveys were carried out 
include the West Midlands (Shropshire) and the south
\\ffit (Gloucestershire, Worcestershire, Somersetshire). 

The methods adopted in these surveys were very close 
to those used by the Soil Survey of the United States, the 

1 ::>rumbers within parentheses refer to items in the bibliography. 

soils being separated into series and types. This work 
brought out very clearly the relationship between soil and 
crop growth and has provided a sound basis for advisory 
work in the areas surveyed. 

In Scotland the association method of classification has 
been used (10). With this method all soils derived from 
the same parent material within the same zone are grouped 
into an association, which is subdivided on the basis of 
drainage into associates corresponding approximately to 
series. About 2,500 square miles have been surveyed 
systematically including the whole of Aberdeenshire and 
Kincardineshire on a scale of 2! in. to the mile, and 250 
square miles on a 6 in. scale (11). Throughout these sur
veys profiles from typical sites were sampled and analysed, 
and long-term field experiments established on the more 
important associates. Surveys were carried out in con
junction with the Forestry Commission (12) (13) and with 
the Central and South-east Scotland Regional Planning 
Advisory Committee (14). 

Elsewhere, although soil maps have not been made, 
most of the advisory workers have taken a keen interest in 
soil survey and have accumulated a considerable amount 
of personal knowledge of their soils and their problems. 

In conclusion it can fairly be said that while soil survey 
in Great Britain has been slow to develop there is an in
creasing demand for information about the soils and their 
distribution. Experimental work on fertilizers and other 
soil amendments will be based more and more on in
formation derived from soil surve,vs as the area covered 
increases. 
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Soil Survey in Relation to Soil Conservation 

S. P. RAYCHAUDHURI and A. T. SEN 

ABSTRACT 

In India, land classification has been done by various agencies for specific purposes such as land assessment, suit
ability for irrigation and fertility studies, but it is only recently that surveys have been undertaken on the basis of 
studies of the soil profile. Such surveys include conservation surveys. They cover small areas. The work done so far 
has been briefly reviewed. It has been pointed out that there is an urgent need for evolving a procedure in the light 
of the information available in India and other countries which would ensure the execution of a rapid conservation 
survey. A procedure has been suggested in general outline which is expected to suit India and does not require much 
experimentation and research. 

In India, soil survey has not yet been carried out on a 
systematic or planned basis, excepting some surveys of 
local interest. In a country with settled agricultural 
practices whose roots go back to over five thousand years, 
peasants have a good deal of knowledge of soils and their 
suitability for crops based on traditional empirical ex
perience. 

The earlier land assessment surveys beginning in the 
sixteenth century were based on the suitability of soils for 
crops and took into consideration such factors as the tex
ture and colour of the soil, the availability of water, the 
slope of the land and the yield of crops. On the basis of 
the information thus collected and of consideration of 
marketing facilities, fair estimates of land values were 
arrived at. These surveys had thus an element of land 
utilization a::. one of their objectives. 

In the beginning of the present century, attention was 
focussed on improving the productivity of the land and, 
for this purpose, soil fertility surveys were undertaken in 
scattered areas. They were based on the contents of plant 
nutrients (nitrogen, phosphorus and potassium) and of 
lime of the top six inches of the soil, and on the mechanical 
composition of the surface soils and in a few cases also of 
the sub-soils. From such surveys and information about 
crop yields fertilizer recommendations were made. Sub
sequently, field experiments were undertaken. 

Surveys of soils have also been carried out with a view 
to control damages to soils occurring in irrigated areas, 
and in recent years in connexion with new irrigation pro
jects. These surveys have been based mainly on the 
mechanical analysis, contents of soluble salts and, less 
often, of exchangeable bases of surface soils and sub-soils 
to a depth of three feet. Their usefulness from the point 
of view of agronomic development and land utilization is, 
however, limited, as the morphological character of the soil 
profile and the nutrient status of the soils have not been 
determined excepting in a few instances. It is expected 
that provision will be made for systematic pre-irrigation 
and post-irrigation surveys in the newer river-valley pro
jects now being undertaken. 

A few soil maps of India have been prepared, as for 
example under the auspices of the International Society 
of Soil Science (6) 1 , the Geological Survey of India (9) and 
the Indian Agricultural Research Institute (4). While 
these are useful contributions to the knowledge of Indian 
soils they show only in very broad outline the major 
groups of Indian soils distinguished on the basis of the 
meagre scientific information that is available. 

It is only in recent years that profile studies of soils and 
surveys based on such studies have been carried out in a 
small number of places. They constitute, from the point 
of view of soil conservation, a distinct improvement over 
the earlier surveys mentioned above. At the Dacca Uni
versity Laboratories the red and laterite soils of India have 
been classified on the basis of morphology, presence of 
ferruginous nodules and concretions, and physical, chemical 
and mineralogical properties of the soils and of their 
clay fractions (2). In the Kumaun Hills, morphological 
and laboratory examinations have led to the classification 
of soils of these hills and to the indication of the gradual 
changes in soils under terraced cultivation of fruit trees. 
The brown forest soils are more suitable for orchards (3). 

The best example of soil surveys based on morpho
logical and other relevant examinations is that in the canal 
area of the Bombay Deccan. The soils of this area are 
tropical black earths. Twelve types and phases have been 
distinguished depending mainly on whether the soils have 
developed under restricted drainage with varying ac
cumulation of salts or under free drainage with varying 
contents of free lime in the profile. Other factors such as 
texture, moisture holding capacity, reaction, lime reserve, 
and available phosphoric acid and potash have also been 
taken into consideration in arriving at the classification. 
On the basis of this survey, it has been possible to effect 
the following improvements in regard to sugar cane culti
vation (5). 

(1) The adoption of recommendations in regard to the 
applications of irrigation water and ammonium sulphate, 

1 Numbers within parentheses refer to items in the bibliography. 
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oil cakes, compost and superphosphate has resulted in 
significant increases of cane yield for each of the five soil 
types and phases experimented upon. 

(2) Crop rotations suitable for each soil type ( 4 types 
tried) have improved and maintained soil fertility. 

The adoption of the above recommendations has not 
only increased and maintained the productivity of the 
land, but has also decreased by one half the cost of pro
duction per ton of sugarcane. 

Since 1945, conservation surveys have been undertaken 
by the Soil Erosion Section of the Land Improvement 
Research Project of the Bombay province (1). Their ob-

is to assess the damage caused to soils by erosion and 
classify the soils according to their suitability for different 
kinds of land use on the basis of the examination of the 
soil, slope, rainfall, vegetation etc. The work has been 
carried out at various centres chosen at random in the 
scarcity tract of the Bombay-Deccan. A complete catch
ment is taken as the unit for investigation. A survey of 
50,000 acres carried out at twenty-eight centres selected 
at random shows that only I7 to 23 per cent of the area is 
not affected by erosion while over 60 per cent is affected to 
such an extent that only 9 in. of the soil is left. 

There is an urgent need for evolving a procedure for a 
proper survey which would ensure a rapid progress of soil 
conservation work without involving much experimenta
tion and research so that economy of time and effort could 
be achieved. In the light of the information available in 
India and other countries, a survey procedure which may 
be suitable for India is suggested below. 

There will be three stages of operations. In the first 
stage the Basic Soil Regions (B.S.R.), similar to what is 
called in the United States the Basic Land Resources 
Areas, of the whole country will be delineated. A B.S.R. 
is an area, broadly speaking, of more or less uniform con
ditions of soil, topography, climate and vegetation. 
Boundaries of such areas may be roughly demarcated by 
superimposing the climatological, vegetation, physio
graphic and geological maps on each other and by utilizing 
other relevant information about those areas. Preparation 
of such maps has been undertaken at the Indian Agri
cultural Research Institute. \Vithin any major B.S.R. 
there are likely to be subdivisions consisting of smaller 
units of soil regions depending on relatively lesser differ
ences in topography and other conditions and these will 
also be demarcated at this stage if they can be easily 
clifferen tia ted. 

In the second stage the survey will be carried out in 
small areas selected at random and covering about 2 per 
cent of the total area of each B.S.R. The data on the 
following items should be collected for each selected area: 
present land use, topography, slope, erosion, drainage, in
l.ibitory factors, irrigation facilities etc. The soils will also 
be examined with a view to defining the normal profile and 
their dominant characteristics in each B.S.R. On the basis 
of the information thus obtained, it will be possible to 
make a more accurate delineation of each B.S.R. and its 
subdivisions. The survey in the second stage will also give 
a working estimate of the extent of erosion and other forms 

of soil deterioration and general land problems from the 
point of view of soil conservation in each B.S.R. 

In order to fix the slope classes within a B.S.R. a certain 
amount of experimentation will be needed. An attempt 
should be made to develop suitable laboratory techniques 
to determine expeditiously the slope classes. Reference 
may be made to the technique developed by one of the 
authors (7). 

The third stage is to carry out the soil conservation sur
vey proper in order to get basic information required for 
the preparation of proper land use plans for areas which 
are proposed to be undertaken for development. The 
technique evolved by the United States Soil Conservation 
Service, Region IV (8), may be adopted for this purpose 
with suitable modifications, if necessary. 

The base map for use in the third stage for soil conser
vation survey should be the existing cadastral maps of the 
areas since aerial photographs are not at present available. 
The cadastral maps which are on the scale of 16 in. to a 
mile, should be reduced to 8 in. to a mile for convenience 
of field work. In these maps the boundaries of crop lands, 
houses, roads, streams etc. are reported but topography 
is not shown. The soil, slope, erosion and inhibitory 
factors along with the B.S.R. delineations, will make 
the survey map of any given area more or less complete 
for soil conservation planning of that area. 
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Soil Research in Relation to Soil Conservation 

S. P. RAYCHAUDHURI and A. T. SEN 

ABSTRACT 

Chemical analyses of soils, as well as crop response to manures and fertilizers at many centres, indicate that in 
general the soil in many parts of India suffers from a lack of organic matter and deficiencies of nitrogen and phosphorus 
which are the chief limiting factors of plant growth. Deficiencies of potassium are not noticeable over the greater 
part of India possibly because of low level of yields. 

Morphological studies of soil profiles are of recent growth in India. These studies have naturally included funda
mental investigation into the chemical and mineralogical composition of clays, base exchange properties of clays and 
soils at different depths of profile, and textural variations within the profile. Useful information has also been collected 
in several areas on the basis of which conservation techniques and practices are being developed. These investigations 
have been briefly described under the heads: (1) studies on run-off, soil loss and erodibility of soils; (2) conservation 
of moisture; (3) conservation of soil fertility; (4) reclamation of water-logged and saline tracts; and (5) fundamental 
studies on the nature of soils. 

In the preceding paper on Soil Survey in Relation to 
Soil Conservation, the development of soil survey in India 
has been very briefly reviewed. In this paper soil research 
in relation to soil conservation has been dealt with under 
the following heads: 

1. Studies of run-off, soil loss, and erodibility of soils; 

2. Conservation of moisture; 
3. Conservation of soil fertility; 
4. Reclamation of water-logged and saline areas; 
5. Fundamental studies on the nature of soils. 

1. Studies of run-off, soil loss and erodibility of soils 

The problems of erosion, erodibility of soils, and run-off 
are receiving increasing attention in recent years. Run-off 
and soil loss studies have been carried out at several cen
tres in Bombay, Madras, Bengal, the Punjab and other 
places on different types of soils (4, 7, 16). 1 The results 
indicate that considerable erosion is taking place annually 
under fallow and clean tilled crops. In many parts of In
dia, considerable soil losses are taking place in the upper 
area of the catchment and consequent flood in the valleys. 
Also over large tracts in India where cultivated soils have 
not been piOtected by field embankments as has been done 
in rice fields, erosion is taking a heavy toll year after year. 
The same story also applies to the over-grazed waste 
lands. 

Run-off and soil loss studies on black soils of the Deccan 
derived from basalt have been carried out at the Dry 
Farming Research Station at Sholapur and Bijapur (Bom
bay} and at Hagari (Madras). The average run-off, as 
percentage of total annual rainfall is 18, 22 and20 and the 
average soil loss, in tons per acre per year, is 44, 9 and() at 
Sholapur, Bijapur and Hagari respectively on 1.25 per 
cent slope. 

The lowest soil loss at Hagari is attributed to the 
greater content of sodium clay; since all other conditions, 
namely slope, shape, size and treatment of the plots were 
materially the same at all three places. It was also ob
served at Sholapur that the period necessary to remove 

1 Numbers within parentheses refer to items in the bibliography. 

8 in. of topsoil would be twenty to twenty-four years in 
cultivated plots as against 1,384 years under sod. It was 
further observed that in these black soil types scooping 0f 
the soil checks run-off and soil loss. On an average, less 
than 9 per cent of the total annual rainfall is lost as run
off at Sholapur as against 18 per cent without scooping (4). 

Similar studies are also in progress in the red and laterite 
soils derived from granite at Nanjanad (Madras), and from 
old alluvium at Santiniketan (Viswa-Bharati Soil Conser
vation l~esearch Station, 'Vest Bengal). At Nanjanad, in 
one season, the soil loss on 20 per cent slope was 1 ton per 
acre under sod and 6 tons per acre in cultivated fallow. 
At Santiniketan the soil loss is as much as 23 tons in a 
year in a bare plot on 1. 7 per cent slope. 

A technique of volumetric estimation of water and silt 
has been developed at the Punjab Irrigation Research 
Institute at lVIadhopur for determining the volume of run
off and the soil loss in grasslands in the Punjab (4). Also a 
si.ltometer has been devised at the same Institute for the 
quick determination of silt particles of different sizes (10). 
At the Dry Farming Research Stations in Bombay and 
Madras, mentioned previously, and at the Viswa-Bharati, 
portable silt collecting tanks are being used for the deter
mination of run-off and soil loss. 

A technique of laboratory measurement of soil erosion 
has been developed at the Dacca Cniversity laboratories 
for quickly obtaining information on the erodibility of soils 
in relation to slope and rainfall intensities (14). It has 
been found that the data thus obtained run parallel to 
those obtained under field conditions sho-wing the useful
ness of the method for quick determination of the slope 
classes. 

2. Conservation of moisture 

In the dry farming areas in the black sods of the Bom
bay Deccan, contour bunding (narrow base, high type 
terracing) has yielded good results in conserving soil and 
moisture. Whereas these bunds stand well in light and 
medium textured soil, they give way in the heavy textured 
soil. Investigations are however in progress in Sholapur 
to overcome this difficulty, taking into consideration the 
permeability and other characteristics of the soil (5). 
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~;. Conservation of soil fertility 

During the early stages, soil investigations were re
stricted to the areas of the experimental farms, and con
~ isted mainly of the estimations of the contents of "0J .P .K 
~.nd lime in soils. They were intended to give an idea of the 
1ertility status of the soils. From the data thus obtained 
and the variation of the yields in different soils, manurial 
trials were carried out with a view to increasing the pro
ductivity of the land. The results of such trials were, 
however, of limited applicability as the corresponding soil 
type was not defined. Nevertheless from such scattered 
researches a very broad picture of some useful soil proper
tics can be drawn. Thus, lack of organic matter and defi
ciencies of nitrogen and phosphorus in soils of many parts 
(If India are, broadly speaking, the chief limiting factors of 
plant growth. In many areas the main source of nitrogen 
for crop growth is the amount of nitrogen fixed in the soil 
through microbial activity. Response to nitrogenous 
manures and fertilizers is general. Often where phosphorus 
by itself has little effect on the yield, its combination with 
nitrogen gives a better response than nitrogen alone. 
Deficiency of potash over the greater part of India is not 
noticeable, possibly because of the prevailing low level of 
yields. 

Interesting studies have been carried out at Dacca on 
the red soils of Eastern Bengal on algae in relation to 
nitrogen fixation under rice culture (3). 

In common with most places having a tropical climate, 
the content of organic matter on Indian soils is low and 
considerable attention has been given to the use of bulky 
organic manures including green manures and oil·cakes in 
fertility studies. About 5 to 6 acre-in. of water may be 
regarded as being necessary for decomposition of an 
average green manure crop and where this is assured, 
green manuring has given, as is to be expected, beneficial 
results in maintaining soil fertility and in improving soil 
structure. Still better results are obtained if the green 
manure crop is manured with phosphate fertilizers before 
sowing (9). The use of green manure has been long known 
to the Indian peasant even in rain-fed areas. In years of 
good rainfall its utility is obvious. In years of defective 
rainfall the latter is itself a limiting factor. Green manure 
may, however, lead to the loss of the immediately follow
ing crop in years when the distribution of rainfall is not 
suitable but the possibility of its residual effect should not 
be excluded. 

From the study of the results of the long-term experi
ments conducted at Pusa (Bihar), Kanpur (United Pro
vinces) and Coimbatore (Madras) it can be said that treat
ment with complete fertilizers containing the same 
amount of N, P 20 5 and K 20 as contained in farmyard 
manure gives crop yields which often compare favourably 
with those obtained by the application of farmyard ma
nure. 

But the continued application of inorganic fertilizers in 
the absence of bulky organic manures have shown a steady 
trend in greater soil deterioration than that noticed on 
plots under organic manuring. In fact, in several cases 
plots receiving organic manures have shown a trend in 
soil improvement (17). Much depends also on the crop 
rotation. 

Rotation experiment at Pusa (Bihar) shows that in
troduction of green manure in the rotation, Green manure 
- Oats- Maize - Arhar, increases the yield of maize and 
oats by about 50 per cent. At Coimbatore it has been 
shown that introduction of sanhemp in rotation increases 
the yield of cotton by nearly 50 per cent whilst introduc
tion of groundnut in the rotation increases the yield by 
about 20 per cent. Experiments at Nagpur show that the 
introduction of sanhemp in the rotation increases the yield 
of cotton by about 14 per cent (17). On the Nira Left Bank 
Canal area (Bombay) in shallow (two feet deep) well 
drained soils a three-year rotation of cane- cotton- rabi
jowar has proved successful in improving the fertility of 
the soil, the cane being very heavily manured. 

The permanent experiments also indicate that signifi
cant loss of fertility may occur under continuous cropping 
systems. 

There is need for more experiments in different parts of 
India on crop rotation and on the effects of complete fer
tilizers with and without organic manures. 

4. Reclamation of water-logged and saline tracts 

Reclamation of water-logged areas by open drains has 
been achieved at a number of places. A good example is 
the reclamation of large areas in the Delhi Province by the 
Nazafgarh drain. 

Several methods of reclamation of saline and alkaline 
soils have been tried in the Punjab, United Provinces and 
Bombay. They involve the regulation of irrigation, ap
plication of soil amendments like sulphur and gypsum; 
use of bulky organic manures and growing of salt tolerant 
crops like berseem (Trifolium alexandrinum), rice, dhain
cha (Sesbania aculeata), sugarcane and cotton. At the 
Agricultural Meteorological laboratories at Poona (Bom
bay), reclamation of alkali soils by treatment with calcium 
chloride and other salts has been tried (11). At the Punjab 
Irrigation Research Institute, it has been found that lining 
of canals by sodium carbonate has been attempted to 
prevent seepage loss of irrigation water. 

Survey of the "Chopan" (alkali) soils in the Bombay 
Deccan shows that the chief features of these soils are: 
(i) a good depth; (ii) well-developed soil profile; (iii) a 
zone of accumulation of soluble salts in the profile; and (iv) 
a high degree of sodium saturation of the colloid complex 
which may vary from lO to 58 per cent. As a result of 
experiments, regulation of irrigation and manurial treat
ments have been found to show significant improvement 
of soils within four years of experimentation (13). 

5. Fundamental studies on the nature of soils 

Examination of the mineralogical composition of soils 
and clays is very important in soil research. Such studies 
have been undertaken in comparatively recent years. It 
has been found from X-ray and dehydration studies that 
the black soils are rich in montmorrillonitic type of 
minerals, whilst the red soils are richer in kaolinitic 
minerals. For the determination of the properties of clay 
minerals, X-ray studies do not furnish complete infor
mation. Electrochemical studies at Calcutta have revealed 
characteristic differences between clays obtained from 
various soils which also often indicate the dominant type 
of clay mineral present in the soil. 
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Red and lateritic soils have been investigated at Dacca, 
which have added considerably to our knowledge of these 
soils (12, 3). 

The nature of clay pans occurring in the coastal areas 
of Bengal have been studied and ameliorative measures 
suggested. 

At the Indian Agricultural Research Institute forty
three typical virgin soil profiles have been collected and 
studied in detail (17). A provisional soil map of India 
based on the limited information available has also been 
prepared. 
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Soil Survey in Relation to Soil Conservation 

R. KOHLER 

ABSTRACT 

Since 1943 soil surveying in relation to soil conservation in Austria has been made solely with the so-called "bio
diagnostic" method. For this we need only two spades (one special flat spade and one gardener's spade) as shown in 
Figure I, a carpenter's rule, a notebook and a pencil in addition to our sense organs and our rural commonsense. 

The peasants are taught: (I) a fast method of biodiagnosis, and (2) an exact method of biodiagnosis. The latter 
comprises not only the most exact valuation of the type of the soil and the nature of the soil (its mineral and organic 
composition) but also produces findings on the following points: 

(a) Soil structure (capacity for root penetration; ventilation, and the capacity of soil to maintain water); 

(b) Soil organisms (animalcules and micro-organisms); 

(c) The soil's capacity to convert fertilizers (fertilizer activity or inactivity). 

These findings are described in the experience paper and illustrated with photographs. If necessary we add to our 
biodiagnosis an appraisal, by means of a profile-ditch, of the rain-water-storage capacity and a stability test of the soil 
structure by a washing (mud) picture. 

The biodiagnosis is called "the egg of Columbus" by 
Austrian farmers. The method is very simple and in
expensive, but is has a scientific basis and it can be applied 
with excellent results by anyone at any time and any 
place. 

THE FAST METHOD OF BIODIAGNOSIS 

maintain water and to be ventilated, you have only to 
make a very simple test, the so-called "ploughing-test" 
with a fiat spade. The whole depth of the spade, (i.e., 
30 em.) is inserted carefully and vertically into the ground. 
If the spade is introduced sensitively rather than force
fully, you will note the soil's resistance (but the ground 
must not be stony) and with the rule at the flat-spade 

If during a walk over your fields you wish to inform (Figure 1) you will note the depth of crumb-packing 
yourself about the state of their soil structure and the (caking) or of plough-soles. The spade is then turned over, 
soil's closely related capacity to be penetrated by roots, to but not with force and with a sudden push-or else the 
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F igure l. 

h:mdle of the spade will break- but rather by applying a 
sleady uniformly accelerated pull until the soil in front of 
the spade breaks open. In using this methed it helps to 
wag the spade a little by depressing the handle slightly 
and then letting it go, for the purpose of separating the 
moving clods and ascert aining the exact width of the 
ploughing. The ploughing width is thereupon measured 
with the carpenter's rule (see Figure 2). 

F igure 3. 

Figure 2. 

Next the broken clods are lifted with the spade and 
allowed to fall from a height of about 50 em. by quickly 
drawing back the spade (Figures 3 and 4) . By these 
motions we imitate in a certain sense the " turning-up" 
effect of a plough. In making them we notice the follow
ing: The more crumbly a soil is, the narrower is the 
ploughing width and the more easily the soil pours from 
the spade without forming clods. During my long years of 

Figure 4. 
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Figure 5. 

Figure 6. 

experience with this method, I have been able t o establish 
the following principles as a general norm: 

A healthy, well-tilled garden soil and natural greens
ward (meadows, pastures and ridges of f1elds) break open 
only to the width of the spade, i.e., 20 em. to 25 em. 

Fields that are in moderately good or fair condition
i.e., fields that are extensively farmed for the most part
usually exhibit a ploughing width of 30 em. to 35 em . 

Fields usually show, on the other hand, a ploughing 
width of 40 em. to 80 em. according to the degree of the 
structural decay. 

On structureless soils, or soils degenerated by nature, 
this "ploughing-test" cannot be performed at all; it is 
easier to break the spade or handle than the soil. 

THE E XACT ME THOD OF BIODIAGXOSIS 

If one wants to examine the structure of a soil in relation 
to the determinat ion of its organic productiveness or to 
the introduction of soil-conserving measures, e.g. , at 
changing over from extensive to intensive farming, the 
" fast method of biodiagnosis" will no longer be satis
factory; one has t o look more closely and accurately and 
vvill have to employ the "exact method of biodiagnosis". 
vVe st art from the following consideration : If we want to 
examine a living being-and the soil is just this and a very 
complicated organism as well-then it certainly will be 
most satisfactory to examine that organism in its own 
location, between its four walls, so to speak: i.e. , examine 
its expressions of life by knocking and listening and if 
necessary by illumination. But as we cannot move into 
the soil, we have to take from the earth's crust a piece of 
living, naturally growing soil and examine it. Exami
nation of several such pieces from a field will give a dia
gnosis of the health or lack of health of the whole field and 
an exact estimation of its possible productive capacity. 

We therefore cut out with our two spades a brick of soil 
of the dimensions 20 x 30 x 10 em. in the manner shown 
in Figures 5, 6, and 7. The gardener's spade is inserted into 
the cut and the flat spade with the brick of soil is placed 
on the handle of the gardener 's spade ; for better lighting 
the assist ant may turn the brick of soil t oward t he sun and 
keep it in this position (Figure 8) . 

The following description of the exact method of bio
diagnosis uses a grain field as a simple example. First we 
put the zero mark of the carpenter's rule at the upper end 
of the excavated brick and measure the whole length 
(Figure 9). The assistant's notebook is ruled off to cor
respond to the brick of soil with entries at the left side of 
0, 10, 20 and 30 em., the findings on this field are next 
entered in telegraphic style as dictated by the examiner 
(Figure 10/1). The examiner first determines the thick
ness of the ulmous upper-crust which in most instances is 
easy to recognize in fields with a normally deep upper
crust by the change of colour between 10 em. and 30 em. 
Next the examiner tries to determine the last plough-sole, 
as well as the earlier one ; in most cases this can be success
fully det ermined by the appearance of fractures in the 
brick (Figure 10/2). 

Figure 7. 

Then the crumbly layer of the upper-crust and t.he 
healthy underground is separated with the fingers or with 
a weed-claw (Figure 11). Figure 12 shows the unhealthy 
part of the upper-crust, minus the crumbly layer of 9 em. 
and the healthy underground layer st arting at 26 em. 
Thereafter the unhealthy part of the brick is also carefully 

132 



SOIL SURVEY AND RESEARCH IN RELATION TO SOIL CONSERVATION KbHLE R 

Figure 9. 

taken apart (by fingers or claw), until the whole brick is 
worked up. 

The findings appear as follows: 0 t o 9 em., crumbling
granular (crumbly structure); 9 t o 16 em., marked wash
ing (mud) , packing, caking (fragmentary structure); 
Hi to 21 em., heavy washing, packing, caking (lumpy
angular-nut-structure); (at 21 em. " old-clay-pan"); 
21 t o 26 em, very heavy washing, packing, caking (slat e 
and plate-like structure); and 26 em., underground healthy 
(Figure 10/3). 

Listed below are the five features that must be borne in 
mind from the time the brick is excavated until it is com
pletely analysed. These features are illustrated with 
photographs and sket ches. I wish t o emphasize particular
ly that in diagnosing the soil for the purpose of soil conser
vation all of the five points have to be kept in view simul
taneously during the examination: 

1. The type of soil ; 
2. T h() nature of the soil (mineral and organic composi

tion); 
3. The structure of the soil (capacity for penetrat ion by 

roots, ventila tion and water-maintaining capacity) ; 
4. The soil organisms (animalcules and micro-orga

nisms); 
5. The soil's capacity of fertilizer-convertibility (fer

tilizer activity or inactivity). 
The type of soil we learn from official records of local 

agricultural authorities. The soil-t ype informs us as to 
the history of the formation and development trends in 
our fields. 

(} 0 - ""' 
./(1 "" last 

plough bottom 
s urface 

-------------- fb 

.tD lt1 "clay pan" • ------------· >t 

11
111111!1_111111 u 111''''"'''"'11 "' 3tl :;ubso1.l .Jo subs oil 

• 1111111 11111 111111111111 
(1) (2) 

F igure 10. 

(3) 

Fig ure 11. 

The nature of the soil (mineral and organic composit ion) 
we estimate as exactly as possible according to the scheme 
of Thaer. Because Thaer 's graduation-method gives a 
good picture of the soil's attributes in a physical, chemical 
and partly also in a biologica l respect , it has proved a 
success in practical use. In the evaluation we pay at
tention to the mineral and organic composition of the soil 
and especially t o the proportion of mould and lime. The 
lime-content is eventually assessed by t he kinds of weed 
that grow together in the field, or with some drops of 
diluted H CI. Mould and lime are essential factors in the 
formation of a " crumbly, granular structure". 

The structure of the soil (its capacity for root penetra
tion , its ventilation and its capacity t o maintain water) is 
determined by a number of observations. We can dis
tinguish a healthy, i.e., a crumbly structure from a pul
verous condition of the soil by the fact that pulverous soils 
are mostly mud under wet conditions and are carried away 
by water, while in dry condition they are of ash-like con
sistency and are blown off by the wind. That is never the 
case with crumbly soils. Then we examine the fragmen
tary structure; the soil comes off in bits differing in size 
between a pea and a hazel-nut ; the surfaces of fracture of 
the single fragments are rough. F urthermore we see that 
the soil can break off in shells or lumps and the fractures 
are smooth and sometimes seem to have a polished sur-

Fig ure 12. 
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face. Finally the brick of soil shows the heaviest washing 
(mud) and packing (caking} characteristics by slate and 
plate-like fractures. 

The mutual effects between the condition of the soil 
structme and plants are manifold and of such importance 
to the productivity of the soil that we have to know the 
fundamental biologic relations, if we are to make a correct 
biodiagnosis. How does the soil influence the plant? First 
of all we are interested in the depth and the denseness of 
the penetration of roots; we measure with the carpenter's 
rule that layer of soil which seems to be well penetrated by 
roots of cultivated plants and also of weeds; this layer 
mostly coincides with the depth of the crumbly layer. Then 
we determine the point, also by our carpenter's rule, 
where the penetration of roots practically comes to an 
end. Finally we make an exact test of the sub-soil for its 
capacity for root-penetration and its capillary capacity. 
All this information is written in catch-words into the 
note-book. Then we look more closely at the formation of 
roots. Are they short-wavy? Or long-wavy? Are the tap
roots, e.g., of rape, alfalfa or horse-bean (vicia-faba), 
suddenly reduced or split? (Figure 13/l, 2). 

(1) (2) (4) 

Figure 13. 

Do the roots perhaps show corkscrew-like curls or fish
bone deformation? (Figure 13/3, 4). Or do the roots ride 
on slaty plates and take a horizontal turn? (Figure 14/1). 
At what depth do the nodule-bacteria end on our legumes? 
All these points are of great importance and allow positive 
conclusions as to the structure of, and the direct influences 
exerted bv, the soil under examination on cultivated 
plants. One could even say, figuratively speaking, that 
the plant roots act as a photographic plate in revealing 
most of the interesting processes in the soil in respect to 
sound ventilation and to water-retaining power, and thus 
provide us with accurate information. (Figure 14/2, 3). 

(1) (2) (3) 
Figure 14. 

Imagines, ants (Formicidae), Collembolen etc. Without 
doubt the earth-worm is for us the most useful of the 
agricultural animalcules. Very important diagnostic in
formation is furnished us by the "resting-worm" (hiber
nation-worm) - a reeled, mostly meagre, pale, seemingly 
dead earth-worm. (Figure 15). 

Figure 15. 

If during the period of vegetation we find a "resting
worm" in any layer of our brick of soil, it tells us with 
great exactness something decisive about the millions of 
micro-organisms that are not visible to the naked eye. 
If the earth-worm can't go on, then millions of the smallest 
organisms will "go to sleep"-as does the earth-worm-~ 
and die, if a fundamental change in the state of the soil 
structure does not take place before long. A "resting
worm" is a sure symptom of devastation in the world of 
micro-organisms and destruction of micro-organisms is 
one of the most important causes of crumb decay and 
destruction of the upper-crust by washing and packing 
(caking). 

The capacity to convert fertilizer (fertilizer activity, or 
inactivity) is shown by organic residues, rotten or not, 
that are found in the brick of soil. These v>e examine and 
immediately write down anything of importance. From 
them we can draw very accurate conclusions as to one of 
the most significant characteristics of the soil, namely, its 
capacity to convert fertilizer. If we find unrotted or, so to 
speak, "preserved" residues of stubble lying in the soil a 
second year or more, then the soil or at least the layer in 
which the unrotted organic residues are found, has practi
cally lost for its tiller its capacity to convert fertilizer. 
Figure 16 shows a "preserved" packet of manure that has 
been lying in a muddy soil for six months; Figure 17 
shows how another packet of manure, which was lying in a 
crumbly layer, has become earth in the course of six 
months (under the influence of roots, too). 

BIODIAGNOSIS OX GREENSWARD (MEADOWS, PASTURES) 

This examination is performed in a similar fashion but 
one has first to cut out a piece of turf about 25 x 45 x 10 

Soil-organisms (animalcules and micro-organisms) be- em. in dimensions and to lift it carefully \vith the two 
long to the great army of small animals living in the fields, spades and to put it aside. Then you cut the flat spade 
e.g., earth-worms (Lumbricidae, Octolasia), Chaetopoda, vertically into the soil and dig a hole in the same way as in 
Nematodes, snails (Gastropoda), mites (Acarina) spiders the fields. The remainder of the examination is done as 
(Araneida), Myriapoda, wood-lice (lsopoda), Coleoptera, previously described. 
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Figure 16. 

Figur e 17. 

PHACTICAL EXAMPLE OF A BIODIAGNOSIS PERFORMED ON A 

FIELD OF SUGAR-BEETS 

(Name, section etc. of the field) 

Type of soil: W aldbraunerde, sandy loam, from poor to 
fair in humus, deep-grounded. Rain-water-storage capacity 
at this time only insignificant, valued: 20 mm. (Figure 18). 

0 to 5 em. Loose hoe-layer, only slightly penetrated by 
weed roots. 

5 to 10 em. Layer of fragmentary structure. 
10 to 20 em. Structureless layer, lumpy at 14 em., big 

quantities of non-rotted manure (fertilizer inactivity) at 
limit of root-penetrations-no worm. 

20 to 23 em. Structureless layer (slate- and plate-like) . 
At 20 em. last plough-sole (ploughing for sugar-beets). 

Over 23 em. Subsoil loam (packed and caked), very 
difficult to penetrate by roots and water (for that reason 
the subsoil is marked with little horizontal lines). No 
worms. 

Conclusion : Very heavy "gare damage". 

F igure 18. 

NOTE: The stability t est of the soil structure by means 
of the washing-picture and an appraisal of the rain-water
storage capacity by means of a profile ditch have been 
described in my book D er biotechnische A ckerba1-t, vol. 1, 
copyrighted on 31 March 1948 under number OCIA for. 
7680 Class A foreign at the United States Copyright Office. 
This experience paper is an excerpt from the book. 
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General Soil Conditions of Southern Brazil 

JOSE SETZER 

ABSTRACT 

The author begins his paper by delimiting southern Brazil, giving data about the area and the population, then 
showing the distribution of the climate according to his own classification, and presenting general data about the 
nature of the parent rock of the soils. A general idea about topography and vegetation is given in the second section. 

In the third section he describes the major features of the soils and the most important soil properties. 
Finally, he discusses the principal problems involved in the utilization of the soil, citing the impoverishment of 

the land through the lack of adequate care. As a general conclusion he urges a profound change in the methods of soil 
management in the region in order to end the continuous impoverishment pointed out in the paper. 

LOCATION A:XD POPULATIOJ\ 

The southern part of Brazil embraces 9.7 per cent of the 
area and 31.3 per cent of the population of this nation 
(19·10 census}; it ranges between 20° and 34° S. latitude, 
and between 44° and 58° \V. longitude. It includes four 
States, the area and population of which are given in 
Table 1. 

Table 1 
Area Density 

State Symbol (Sq. km.) per sq. km. 
Sao Paulo. SP 247,200 7.18 29.0 
Parana PR 201,300 1.24 6.1 
Santa Catarina . sc 94,400 I.l8 12.5 
Rio Grande do Sul . RS 282,500 3.32 11.8 

~----

Total~ 825,400 12.92 15.7 

THE FACTORS OF SOIL FORMATION 

Climate 

Table 2 shows the distribution of climates according to 
Setzer's classification (Geographic Review, Aprill946). 

Table 2 

Climate Area Per Location 
(thousand cent 
sq. km.) 

Super-humid. 40 5 Sierras of western PR and 
SC, of northern RS, and 
of eastern SP. 

Humid, dry summer 100 12 South-western and central 
RS. 

Humid, dry winter . 165 20 Northern and central SP, 
Paraiba valley, and north-
western PR. 

Humid, no dry season 520 63 The rest of the area. 

Totals 825 100 Southern BraziL 

The whole area is of mesotherrnal climate except for the 
northern part of the State of Sao Paulo, which is macro
thermal and the only region with a well-de·veloped 
season. The annual precipitation varies from 1,000 to 
4,500 mm., the most common averages being 1,200 to 
1,500 mm. Mean yearly temperatures range from 15 to 
23 degrees C, mostly according to elevation. Mean tem
peratures of the coldest month range from 9 to 19 degrees 
C; those of the warmest, from 17 to 26 degrees C. 

Parent rock 
Since a systematic geological survey has not yet been 

made, Table 3 shows a tentative computation, by States 
and area, of the out-cropping parent materials of soils. 

Table 3 
Parent material of soils Area (1,000 sq. km.} Per cent 

SP PR+SC RS South of area 

Basic extrusions and intru- Brazil 
sions. 20 130 130 280 33.9 

Poor sandstones. 100 70 50 220 26.6 
Acid granite, gneiss, 

porphyry. 18 22 22 62 7.5 
Poor shales . 12 22 10 44 5.3 
Clayey alluviums 18 12 15 45 5.5 
Sandy alluviums, coastal 

sands 12 8 22 42 5.1 
Quartzite, quartz-schists . 20 10 5 35 4.3 
Rich sandstones (with lime) 25 2 2 29 3.5 
Mica-schists, phyllites 12 10 5 27 3.3 
Melanocraticgneiss, syenite 5 4 2 11 1.3 
Rich shales (with lime) I! 2 3 6i 0.8 
Sedimentary limestones 1 1 1 2t 0.3 '2' 
Internal waters . 3 2! 15! 21 2.6 

Totals . 247 2951 282! 825 100.0 

NOTE: Among phyllites occur metamorphic limestones which 
are usually covered by acid colluvial soils. 

Topography 
Table 4 shows an evaluation by States and area of the 

five chief types of topographic features. 
Flat regions are small and sparse. They are mainly al

luvial floors of the most important rivers. Some basaltic 
mesas and silica-cemented sandstones exhibit level tops. 
The coastal plains of Rio Grande do Sui are the largest flat 
area, made up of old clayey and sandy alluviums, the 
latter exhibiting undulating dunes on the coast. 

Mountainous areas (slopes steeper than 25 per cent) are 
the escarpments of sierras (elevations above 2,000 metres 
are very infrequent) of crystalline complex, basaltic pla
teaus, and some ridges of silicifted, Devonian or other 
sandstones. Almost all eruptive and metamorphic for
mations exhibit hilly topography. 

Table 4 
Topography Area (1,000 km.) Per cent 

SP PR+SC South of area 
Brazil 

Flat. 3" ~ 13 40 85 10.3 
Undulating . 80 50 120 250 30.3 
Rolling. 7tj 150 80 305 37.0 
Hilly 45 50 20 115 13.9 
}iountainous 12 30 7 49 5.H 
Internal waters . 3 2! 15! 21 2.6 

Totals 247 295l 282! 825 100.0 

NoTE: Undulating: 1 to 5percent slope. Rolling: 5 to 15 percent. 
Hilly: 15 to 25 per cent. 
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Vegetation 
Originally the whole area was forested, except for some 

100,000 sq.km. in southern Rio Grande doSulwherethedry 
summers and the partially shallow or sandy soils allowed 
only prairie-like fields. Some other small areas of almost 
cut-cropping massive rocks were also always covered by 
grasses. 

Today forests can be seen only on the steepest slopes of 
the mountains, and in some parts of the high plateaus 
where population is scanty. Reafforestation with eucalyp
tus has been extensive of late years. 

Since cultivated land comprises not more than 20 
cent of Sao Paulo, and less than 10 per cent of the 
states, some 70 per cent of the whole area is represented by 
poor fields which are yearly burned-over and are common
ly called "pastures". Actually these 550,000 or 600,000 
sq. km. of land support a relatively small number of cattle. 
Because of the continuous burning of the vegetation, the 
soils are being impoverished and the animals are fed on 
grass of increasingly low nutritive value (chiefly lacking in 
calcium). 

In several regions, as in some 60,000 sq. km. of poor 
sandy soils in Sao Paulo, continuous burning has developed 
a characteristic vegetation. The natural selection of 
fire-resistant plants has progressed to such an extent that 
on the "campos cerrados" they seem like a primary vege
tation. 

THE NATURE OF THE SOILS 

The great groups of soils 
Excluding the 87,000 sq. km. of alluviums rated in 

Table 3, almost the entire area has lateritic soils. Podzolized 
B-horizon can be seen only on the high elevations of 
Rio Grande do Sui and in southern Santa Catarina above 
the approximately 800-metre elevation, and only where 
the climate is not super-humid and the mean yearly 
temperatures are below 17 degrees C (under 12 degrees C 
in the coldPst month, and less than 19 degrees C in the 
warmest). The high annual rainfall (above 2,000 mm.) 
probably prevents podzolization on mountains like these 
because of the over-leaching of silica. The podzolized area 
can be estimated at some 40,000 sq. km. Basalt is almost 
the only parent material there. 

About 20,000 sq. km. in southern Central Rio Grande do 
Sui has black soils occurring quite independently of the 
nature of the parent material, owing to the hot dry sum
mers, which probably were much drier manv centuries 
ago. Thus they are degraded prairies as sho~n by their 
low pH values, ranging between 4.5 and 6. 

Some 82 per cent of the area, therefore, has lateritic 
soils. Nevertheless, true laterites with hard concretionary 
B-horizon are absent. Lateritic crusts are infrequent, and 
have only developed under proper water-table conditions 
(i.e., deep, loamy, ferruginous, well-drained soils at a few 
metres' depth). 

The most important soil properties 
As a result of the warm humid climate, and the deficiency 

of calcium in the parent materials, utilization of th'e 
soils by man promotes such marked decay of soil charac
teristics, that man has to be considered as an important 

-------···---

factor in soil formation. Since the soils are quickly 
depleted of organic matter, the parent material rapidly 
becomes the most important clue to soil identification in the 
field. Thus the best soil classification in this part of the 
world is based on lithology. 

With the exception of some rare and well-conserved 
parcels of soils derived from sedimentary limestones, 
basic rocks, and rich sandstones and shales (Table 3), all 
other soils are acid and poor. Such soils are estimated to 
comprise almost 90 per cent of the whole land area. The 
most common pH values for areas >vith good drainage are 
4.5 to 5.5, and for alluviums, 4.0 to 5.0. Cultivation and 
the burning of vegetation have been found to increase 
acidity. 

Two kinds of acidity can be distinguished: (I} organic or 
hydrolytic or exchangeable H-ion, which is innocuous and 
shows only calcium deficiency, and (2) mineral or ex
changeable acidity, which is the result of exchange alu
minium, and is injurious to plants. The latter is perhaps 
the best single-value correlated with general chemical soil 
fertility. Generally it is inversely proportional to ex
change calcium, and absent when pH is above 7. 

Excluding alluvial soils which are usually high in or
ganic matter (up to 12 per cent total carbon), all others 
are poor and suffer quick depletion under cultivation and 
burning, thus lowering useful microbial activity. 

The most frequent clay minerals of soils are kaolinite, 
gibbsite and ferric oxide of low hydration. In connexion 
with the lack of organic matter, such mineral colloids 
render soil phosphorus insoluble, and diminish strongly 
the availability of that supplied by phosphate fertilizers, 
which thus constitute the greatest need and promote the 
best crop response. Such response proved to be much 
higher when phosphate fertilizers were mixed with manure 
in order to prevent their fixation by the soil in unavailable 
form. Previous liming increases the response still more 
because the soil acidity is never fully neutralized, and 
hence the change of phosphates into insoluble form be
comes insignificant. 

Manuring together with liming proved to be the best 
soil treatment, and the only one capable of achieving the 
best results from chemical fertilizers applied thereafter. 
The same treatment promotes an increase of microbial 
activity owing to the energy and food supplied to the 
micro-organisms which are also benefited by the decrease 
of mineral acidity. Thus proteic nitrogen of the soil can be 
partially converted into available forms. This is the 
reason why inorganic nitrogen fertilizers are generally less 
effective than organic ones. 

As a result of strong leaching which continuously de
composes parent material, soils derived from igneous and 
metamorphic rocks (except quartzite) are fairlv well 
supplied \\'i.th small but constantly renewed amo~nts of 
available potassium. Hence the onlv soils which showed 
crop response to potassium fertili;ers are alluvial and 
those originating from poor sandy and some clayey sedi
ments. 

Strong leaching can deplete the soils of some essential 
trace elements which are easily soluble. This occurs chief
ly with boron. Such deficiencies are also most common in 
alluvial soils and those derived from poor sediments. 
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Also as a result of intense leaching, the ratio of ex
changeable cations to the total base exchange capacity 
proved to serve as a general indicator of chemical soil 
fertility. For the same reason the ratio of naturally 
dispersed clays to the total colloidal complex (chemical 
peptization) is also important: such ratios are too low, and 
raising them by additions of organic matter and pulverized 
limestone is desirable. A high ratio is a defect only in 
clayey soils containing brackish water such as occur in the 
flat internal belt of the coastal plains, mostly in Rio 
Grande do Sul. But there such soils (which are relatively 
impermeable) are used for rice which does not require 
high chemical fertility, and are benefited by the lasting 
effects of irrigation. 

Low naturaljtotal clay ratios increase erosion, diminish 
water-holding capacity, and increase leaching of sandy 
soils. The latter become badly gullied when the fields have 
been burned over a sufficiently long period. 

The basic parent materials produce soils with very low 
molecular Si0 2/R 20 3 ratios; these soils showed a decline in 
ratio from 0.4-0.6 to 0.15-0.3 after 80 years' exploitation 
under coffee in Sao Paulo. Higher ratios, up to 1.5 and 
even 2.0, found in soils derived from acid eruptives, do not 
prove they are not lateritic. The ratio does not drop so 
much under exploitation, but other edaphic features prove 
the soils are undoubtedly subjected to laterization. 

Because of the alteration of soil characteristics under 
the yearly burning of all vegetation and careless culti
vation, it proved impossible to reafforest many lands with 
the very trees that once grew easily in the virgin forests. 
Reafforestation is easy only with eucalyptus, a native of 
Australia. It improves deep, poor, sandy soils, but im
poverishes shallow rich soils. 

THE PROBLEMS OF SOIL USE 

Owing to the abundance of land, cattle are not stabled 
and farmyard manure is therefore not collected. Artificial 
manure is very seldom produced. Green manuring and 
liming are practically never done. Since the general 
standard of rural life is the lowest of the nation, farmers 
usually do not use fertilizers. Even when they could, they 
prefer to apply any available capital to the planting of 
larger areas rather than to the improvement of smaller 
plots. This is the reason why the average consumption of 
fertilizers and lime in 1948 did not reach 10 kg. per hectare 
(9lb. per acre) of cultivated land in Sao Paulo; the average 
is even lower in Rio Grande do Sul, and a fifth as much in 
the other two states. The result is a low production per 
unit of cultivated area, continuous impoverishment of the 
soils, and the yearly burning of all vegetation over at least 
half of the 825,000 sq. km. under consideration. Migration 

steadily continues from depleted land to newer lands; 
since these are now found at greater and greater distances 
from big towns, the cost of transporting produce is in
creased, and it was already high due to lack of roads. 
Farmers have to sell their products (excepting coffee and 
cotton) at low prices, and buy goods at twice the price 
prevailing in big towns located close to the coast. Ninety 
per cent of the collected taxes are used at Rio de Janeiro 
and at the State capitals. Thus the rural population does 
not receive the improvements, health and education they 
need. Since money is concentrated in the capitals, politi
cians from the interior of the country are always at a 
disadvantage in asserting their claims for substantial im
provements, even when they are really interested in 
achieving these aims. 

GENERAL CONCLUSIO); 

Profound changes are necessary for improving land-use 
and introducing soil conservation: health, education, 
paved roads, the strengthening of the farmer vis-a-vis the 
merchant, the use of tax moneys in the very county where 
levied, repression of dishonesty, mechanization and even 
motorization of agriculture, production of pulverized 
limestone and phosphates by the government, the wide
spread planting of only ecologically-adapted crops, and 
effective soil reclamation and agronomical research. 

As usual in countries subjected to similar conditions of 
poor soils, humid warm climate and scattered population, 
a vicious circle is established in this part of the world: 
Poor soil keeps the farmer poor, and the poor helpless 
farmer improverishes the soil still further. 
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Calculations, Key and Notation Used in Surveys of 

Agro-Ecological Suitability Based on Index Plantsl 

A. L. DE Fl NA and A. J. GARBOSKY 

ABSTRACT 

In 1945 the Institute of Soils and Agrotechnics presented to the Third Inter-American Agricultural Conference, 
held in Caracas (Venezuela), an exceedingly simple and speedy method of establishing the agro-ecological suitability 
of any locality with more than 500 inhabitants and settled for more than twenty-five years, with a view to the introduction 
of new crops. So rapid is the method that the complete survey requires only one day's work. 

The method was originated by one of us (De Fina) and is based on the absence or presence and behaviour of 
eighteen index plants grown throughout the world. The eighteen index plants are: cacao, pineapple, banana, lemon tree, 
date palm, olive, fig, European vine, walnut, peach, pear, apple, upland cotton, melons, maize, wheat, oats, and barley 
for animal feed or beer. 

When the method was put forward in 1945, the author mentioned the possibility of replacing the personal inter· 
pretation of surveys by an impersonal method eliminating its disadvantages. 

In the present paper the authors explain in full detail a desk method, free from the personal factor, by means of 
which it is possible to establish the agro-ecological suitability of an area with a view to the recommendation of new 
crops (apart from the eighteen index crops). 

Basically this desk procedure consists in the condensation of the data obtained in any survey (if all eighteen index 
plants are present, there are seventy-two sets of data) in only six basic values which, with the aid of the key, consisting 
of a squared-paper table, enable the classification of surveys in groups which are sufficiently homogeneous to make 
it possible to recommend, for any area in a group, crops (apart from the eighteen index plants) which are found in the 
other localities of the same group. A simple system of notation permits tqe accurate identification of each homogeneous 
group of surveys. All the office work (tabulation, calculation, classification and notation) can easily be completed in 
approximately half an hour. 

The paper is followed by an appendix in which the authors summarize-on the basis of five years' experience in 
the surveying of 1,200 areas-the remodelling of some details and the addition of others to the original method proposed 
(on Form 3/1944, in 1945), for surveys of agro-ecological suitability. 

METHOD FOR SURVEYS OF AGRO·ECOI.OGICAL SUITABILITY 

In 1945 one of us (De Fina) submitted to the Third 
Inter-American Conference on Agriculture, held at Cara
cas, Venezuela, a paper dealing with a new, extremely 
rapid and simple method of determining the agro-ecologi
cal suitability of a locality with a view to the introduction 
of new crops. 

The paper, entitled Agro-ecological Surveys by means of 
a predetermined Series of Cultivated Plants, which was ap
proved by the Conference, was presented by the Institute 
of Soils and Agrotechnics oi the Ministry of Agriculture 
of the Republic of Argentina. 

In 1946 the Third Inter-American Conference on Agri
culture published it in Caracas as a pamphlet (No. 3) of 
twenty-five pages with attached survey form in the Inter
national Series of Green Books. 

In 1947 the paper, without the form, was issued in a 
mimeographed edition of eight pages by the Institute of 
Soils and Agrotechnics in Buenos Aires, as No. 7 of the 
Institute's internal publications. 

Stated briefly, the proposed new method consists of the 
following: the absence or presence and the behaviour of 
eighteen well-knov.n plants (known as index plants), 
grov.n throughout the world are ascertained for localities 
with more than 500 inhabitants which have been settled 
for over twenty-five years. 

1 Original text: Spanish. 

Through three competent, long-established agricultu
rists, the following data are established for each of the 
eighteen index plants or crops represented, using a scale of 
points: (i) the abundance of the plant in the district; 
(ii) its yield of ripe fruits or grain in an average year; 
(iii) degree of ripeness of the fruits or grains; and (iv) irri
gation received. The whole survey can easily be carried 
out in one day. 

Because of practical difficulties, the information relating 
to the index plants is recorded without distinguishing the 
behaviour of varieties and without figures for areas under 
cultivation, number of plants, yield etc. As was stated in 
1945, experience acquired during a five-year period in 
which more than 1,200 tests were made has shown that 
neither omission has any significant effect on the final 
result of the survey. 

The eighteen index plants or crops form two collections. 
The first consists of twelve perennial plants, some or
ganic parts of which are exposed to atmosphere changes 
throughout the year, and the second of six plants which 
grow annually from seed, and are therefore exposed to 
weather for a few months of the year only. 

The primary purpose of the first twelve is to record the 
intensity of the winter cold; they have therefore been ar
ranged in order of increasing resistance to cold as follows: 

Cacao (Theobroma cacao); Pineapple ( Ananas, various 
species) ; Banana ( M usa, various species) ; and Lemon tree 
(Citrus l imonia). 

10 139 



__ ,. __ ,,.,'"'"''"* ·-"'~""'*_.._ ...... _, .... M ________ ,..,_, .... l ... t..,_., __________________________ _ 

UNSCCUR PROCEEDINGS: LAND RESOURCES 

Date palm (Phoenix dactylifera); Olive (Olea europea); 
Fig (Ficus carica); and Grape vine ( V itis vinifera). 

Walnut (]uglans regia); Peach tree ( Prunus persica); 
Pear tree ( Pyrus communis) ; and Apple tree( Pyrus malus). 

As stated above, cacao is the index plant most sus
ceptible to cold, while the apple tree is the most resistant. 

This collection of twelve plants further consists of three 
sub-collections of four index plants each: the first is made 
up of cacao, pineapple, banana and the lemon tree, which 
prefer or tolerate damp, cloudy climates; the second 
consists of the date palm, olive, fig and European vine, 
which thrive in dry, clear climates (provided there is 
sufficient moisture in the soil); the third consists of the 
walnut, peach, pear and apple, which occupy an inter
mediate position as regards preference for or tolerance of 
damp or cloudy climates. 

The collection of six annual index plants or crops, which 
live for a few months only, is intended to show the in
tensity and duration of the summer; the plants are ar
ranged in decreasing order of the total warmth required to 
ripen their fruits or grains. 

The six annual index plants or crops are: Upland cotton 
(Gossypium hirsutum); Watermelon (Citrullus vulgaris); 
Maize (Zea mays); \\'heat (Triticum aestivum); Oats 
(Avena sativa or the like); and Barley for beer or forage 
(Hordeum vulgare). 

As stated, of these six index plants cotton requires the 
most warmth to ripen while barley requires the least. 

The many surveys (approximately 1,200) carried out to 
date by the Institute of Soils and Agrotechnics in the 
widely-varying climates obtaining in the districts listed 
below fully confirm the stated climatic requirements and 
tolerances of the eighteen index plants; they also corrobo
rate the principles of the method for surveys of agro
ecological suitability proposed in 1945. 

Republic of Argentina 

Province of Buenos Aires, 455 surveys. 
Province of Cordoba, 144 surveys. 
Province of Santa Fe, 73 surveys. 
Province of Entre Rios, 72 surveys. 
Province of Salta, 56 surveys. 
Province of Mendoza, 51 surveys. 
Xational Territory of La Pampa, 49 surveys. 
National Territory of Misiones, 40 surveys. 
Province of Santiago del Estero, 39 surveys. 
Xational Territory of the Chaco, 30 surveys. 
Province of La Rioja, 29 surveys. 
Province of San Juan, 28 surveys. 
Province of Corrientes, 24 surveys. 
Province of Catamarca, 22 surveys. 
Province of Tucuman, 22 surveys. 
Province of Jujuy, 18 surveys. 
National Territory of Formosa, 15 surveys. 
Province of San Luis, 15 surveys. 
National Territory of Rio Negro, 10 surveys. 
National Territory of Chubut, 8 surveys. 
National Territory of Santa Cruz, 8 surveys. 
National Territory of Tierra del Fuego, 3 surveys. 
Kational Territory of Neuquen, 2 surveys. 

Other countries 
United States of America, 12 surveys. 
Bolivia, 2 surveys. 
Brazil, 2 surveys. 
Venezuela, 2 surveys. 

, Colombia, 1 survey. 
Chile, 1 survey. 
Uruguay, 1 survey. 
Of the total of 1,200 localities, most were investigated 

by one of us (Garbosky) and the remainder by various 
collaborators, almost all members of the staff of the In
stitute, or by the other author. 

ORIGIK OF THE PRESEKT PAPER 

In the paper published in Caracas in 1946, the author of 
the method explained that, to determine the prospects for 
the successful cultivation of other new crops, an agro
ecological survey should be interpreted on the basis of the 
general "physiognomy" of the survey card, taking into 
account the absence or presence and the behaviour of all 
the eighteen index plants. 

For such interpretation, a thorough knowledge of the 
climatic and soil requirements and tolerances of each of 
the eighteen index plants or crops is essential; practical 
experience of the work is also an important factor in 
successful interpretation. 

For these reasons the author stated on page 20 of the 
pamphlet published in 1946: 

"From the foregoing it follows that the work of inter
pretation and its results is partly influenced by the 
personal factor of the interpreter; for this reason the 
author intends to eliminate this difficulty in the manner 
explained in the following chapter. .. 

" ... Ideally, in any technical or scientific method differ
ent persons working with the same data and in the same 
conditions should arrive at identical conclusions; in other 
words the conclusions should be practically free from the 
personal factor." 

On page 21 it was stated that, after trying two methods 
of impersonal interpretation, a third had been devised, 
consisting in the condensation of all the data regarding the 
eighteen index plants into four values and the establish~ 
ment by means of numerical tables of all similar combi
nations of the four condensed values. On the same page 
the author's confidence of solving the problem was stated 
as follows: 

"In view of the progress already made, it can be stated 
that this last method of impersonal interpretation, or 
some similar method, will very probably provide the 
desired solution." 

OBJECTIVE REACHED 

After three years of numerous experiments, the authors 
of the present paper now have the satisfaction of com
municating an impersonal desk procedure which makes it 
possible easily and rapidly to classify any locality sur
veyed with others which have similar characteristics and 
therefore form a group of similar agro-ecological suita
bility. Further, what is of fundamental importance, this 
procedure makes it possible to recommend for the locality 
surveyed and thus classified, crops (apart from the 
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:ighteen index crops) which thrive in other localities of 
the group in which it is placed. 

Using this desk procedure, it is not essential to know the 
:limatic and soil requirements and tolerances of the 

dghteen index crops. What is even more important, there 
s no need to know the climatic, soil conditions etc. of the 
Dcality surveyed to be able to recommend new crops 
which thrive in other localities of the group of surveys to 
'Nhich it belongs. 

Moreover, the arithmetical procedure and the use of the 
key required for classification call for a minimum of 
practical experience, so that it can safely be said that the 
proposed procedure for establishing agro-ecological suit
ability is practically free from the personal factor, thereby 
achieving the desired object. 

In the laborious task of preparing and testing the 
efficiency of the various systems of calculation and the 
various keys which were devised, until success was 
achieved, the authors enjoyed for several years the in
yaluable and intelligent co-operation of the assistant in the 
Division of Agro-ecology of the Institute of Soils and 
Agrotechnics, Mrs. Julia R.N. Ch.deSan MillanAlmagro, 
and for a shorter period that of Mr. Julio Cesar Zariategui, 
agronomist in the same division; the assistance afforded 
by both is gratefully acknowledged. 

The final presentation of Figures 1 to 5 is due to Mr. 
Guillermo Luis Estany, the Institute's cartographic 
draughtsman. 

DECIPHERING AND TABULATION OF SURVEY 

The first task is to decipher the survey form. Using the 
97 by 149 mm. card (Form 50/1948; see Figure 1) the 
replies received regarding the behaviour of the eighteen 
index plants, reported on the survey form (Form 3/1944, 
now improved as Form 3/1946, 45.5 x 61.5 em., which 
will in turn be improved), are reduced to the values 0 (or 1) 
to 4. 

In so doing one must note the column on the survey form 
in which the sign XXX occurs; this denotes which reply is 
probably most accurate in accordance with the replies 
given by the three or more informants. In deciphering the 
following equivalents must be used: 

Abtmdance of plant 
Colunm C = not found = 0 
Column D = uncommon = 1 
Column E fairly uncommon 2 
Column F = common 3 
Column G = very common 4 

The values for the abundance of each of the eighteen 
index plants are entered in column (b) of the card (Form 
50/1948). 

Yield 
Column H = none ("none ripe" must not be marked 

XXX) 0 
Column H very little (XXX shows some degree of 

ripeness) 1 
Column I = little = 2 

The points for the various index crops are entered in 
column (c) of the card. 

Degree of ripeness 

Column L = never or almost never ripens 1 
Column M = ripens with difficulty 2 
Column K ripens passably = 3 
Column 0 ripens easily (or very well) 4 
Column P =ripens and deteriorates in appearance be-

cause of excessive heat (or too rapidly) = 3 

These values are entered in column (d) of the card. 

Irrigation 
Column Q none 4 
Column R none after plant takes root = 3 
Column S = regular, to increase yield 2 
Column T regular, absolutely required 
These values are entered in column (i) of the card. 

CALCULATION AND VERIFICATION OF COLUMN (e) 

After the abundance, yield, ripeness and irrigation 
values obtained by using the tables of equivalents given 
above are entered on the card, the points for abundance, 

Province I District No 
or Dept. AltTtuctc- - - - - -- i/?0 Territory 

<lJ 
b.O 
~ :"J 

4-< ~0 ...... 
,::: ,... 0 0 

:!.) C)-
0~ -'-'·~ 

<) ~ ~ ... '-' 
Crops ,::: rj'J <lJ Q) .~ ::l X ~ ::l X 

ro Vl P.,.c: 0. 8- 0 "0 ·-"0 Q) ·- .9-< 0 ,::: _...., ..., 
,::: ::9 ';;j :;::; ro .... 

<J) ro- p... p... 
.5 .;!:; .B< ...., -; M 

~ 
1:)0 'i=: ~ < ;>< p:; E-< ::-s .... 

H 

a b c d e f 8 h 1 j k 
Cacao - - - - 1 I - 12 
Pineapple - - - - 2 I - 11 I 
Banana - - - - - 110 
Lemon ..1 , ... I ~~ I Q 
Date - - - - - 8 
Olive 2 "' 4 8 I I#' 
Fig .1 I~ "' 

,, ¥ ~ 
Grape vine , .J ~ II .~ I.V ' Walnut .t ~ 4 , 1 I 4' 4 
Peach .J 4 ~ ({ 2 I i.V 
Pear .I .J.( J J : !4( 2 
Apple .I .. :4. ~ J lL I l.f l 
Total "' it I lu 68 I 

I 
Cotton { .J .J 7 ! : ~~ b 
Watermelon .1[-1 l.ff ·H 2 : 1¢ • 
Maize .J j I.V #'() 3 I Ill ~ 
Wheat· " ~~ 1¥ 'f.t I l.f/ 
Oats '.J I.V I.V ,~ \ I#' 2 
Bar lev .. .t ,., ~~ Y. .1. ~ II/ 1 
Total -16 iH IU ~" 
FINAL CLASSIFICATION: 

l'orm. 'iO /1948 
Column J average = 3 Figure I. Calculation sheet giving figures already drawn from the 
Column K abundant or very abundant = 4 survey. 
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yield and ripeness, i.e., those entered in columns (b), (c) 
and (d), are added up for each plant; the total is entered 
in column (e). 

The partial totals for the collection of twelve perennial 
index plants, (from cacao to apple) are then added to
gether, and the resulting value is entered in the square on 
the "total" line. 

Solely to check the calculation, the values entered in 
column (b) (abundance), (c) (yield) and (d) (ripeness) are 
also added independently, the results being entered in the 
three squares on the "total" line. If the partial totals and 
the general total of column (e) have been correctly ob
tained, the sum of the three totals must be the same as 
that given as the total of column (e); this check is of great 
importance as a means of a voiding sources of error in the 
subsequent calculations. 

The six annual plants are dealt with in exactly the same 
way as the collection of perennial plants. When this 
process has been completed for both collections, the card 
appears as in Figure 1. 

CALCULATION AND VERIFICATION OF COLUMN {f) 

The next step, in column (f), is to calculate the total 
sum (column (e)) for each perennial or annual plant as a 
percentage of the total for the collection (perennial or 
annual) to which it belongs; the latter total is always 
given the value of 100. This is done in order to base the 
classification of the locality surveyed not on the absolute 
behaviour of the index pla!).ts but on their relative be
haviour in each collection. 

As the calculation of these percentages must be re
peated many times, the work is considerably simplified if a 
ready reckoner is prepared in which the percentages are 
given to one decimal place; for this purpose they must be 
worked out to two decimal places, the first being increased 
by one when the second is 5, 6, 7, 8 or 9. All the percen
tages are entered in column (f) of the card and added, thus 
obtaining the total for the perennial collection and the 
total for the annual collection; these totals must, if the 
partial percentages are properly calculated, add up to 100 
or thereabouts. Whenever the difference from 100 in 
decimals is greater than half the number of plants in
cluded in the collection of the survey being calculated, the 
calculations in column (f) must be revised, since an error 
has crept either into the percentage for each plant or into 
the total for the collection concerned. 

Clearly, since in the perennial collection the maximum 
number of plants which can be included is 12, the total in 
column (f) can in no case be less than 99.4 or higher than 
100.6; while the total for the annual collection can never 
be less than 99.7 or greater than 100.3, since the maximum 
number of plants which can be included is only 6. 

CALCULATION AND VERIFICATION OF COLUMN (h) 

tions into which the total perennial collection is divided; 
in other words the value (h) must be calculated for each 
plant, i.e., the product of (f) and (g); (g) is called the 
"multiplier". 

The values so obtained are entered in the wider sub
column of column (h) and totalled for each of the three 
sub-collections; the totals are entered vertically and 
circled in red or black in the narrower sub-column of 
column (h). 

As explained before, the absolute value of the three 
totals in (h) will generally increase in climates with more 
frequent and intense winter cold; in particular the relative 
size of the total for the third sub-collection compared with 
that of the first and second sub-collections will increase. 

In order to verify that the three totals for the sub
collections have been properly calculated, all the values in 
(h) for all the perennial plants are added; this general total 
is entered in the "total" line of the broader sub-column of 
column (h); theoretically it can never exceed 400. In 
practice this figure may be exceeded by a few decimals. 

Next the three totals for the sub-collection are added 
separately; if the three partial totals have been properly 
calculated, the new total should coincide exactly with the 
general total entered in the total line. Otherwise all the 
totals in column (h) must be revised. 

It should be pointed out that the fact that the two 
general totals coincide exactly does not in any way in
dicate that the value (h) is correct for the various plants. 
To verify this value, it is necessary to repeat the multi
plication of (f) by (g) in each case. 

In order to complete column (h) for the collection of 
annual plants, the procedure is substantially the same as 
that followed for any of the three sub-collections of peren
nial plants, with the difference that the multiplier (g) is 
given the values 1, 2, 3, 4, 5 or 6 in accordance with the 
decreasing order of the total warmth which the plant re
quires to ripen. 

As may be gathered from the previous explanation, the 
total of the products (h) for the annual collection will in
crease in localities with cooler and shorter summers. 
Theoretically it can never exceed 600, but in practice this 
figure may be exceeded by a few decimals. 

Naturally, to verify this single total for the annual 
collection the calculation must be repeated. 

In order to facilitate as far as possible the calculation 
of the product of (f) and (g) required by Form 50/1948, it 
is advisable to prepare at the outset five ready-reckoner 
tables for multiplication by 2, 3, 4, 5 and 6; the products 
must be given to one decimal place. 

When the four values are entered vertically and circled 
in red or black in the narrower sub-column of column (h) 
the card shows in synoptic form the behav-iour, as regards 
abundance, yield and ripeness, of all the eighteen index 
plants adopted for the survey of agro-ecological suitability, 
subdivided for each of the sub-collections of perennial 
plants and for the collection of annual plants. 

After completing columns (b), (c), (d), (e) and (j) of the 
card Form 50/1948 in the manner explained, the next step 
is to make the calculations to complete column (h). 

The total for each plant expressed as a percentage of the CALCULATION AND VERIFICATION OF COLU:VE'\ (k) 
total of the perennial collection is multiplied by 1, 2, 3 or 4 The next step is to calculate the figures relating to the 
according to the plant's position, in increasing order of behaviour of the eighteen index plants with regard to the 
resistance to winter cold, in each of the three sub-collec- irrigation they receive. This aspect of the survey of agro-
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ecological suitability requires specially careful attention, 
as will be explained in the appendix. 

The irrigation values, entered in column (i) of the card 
and obtained from the survey form by use of the table of 
equivalents already described, must be multiplied by the 
fixed numbers indicated in column (f); this is another 
"multiplier". The figure thus obtained for each plant, i.e., 
the product of (i) and (f), is entered in the last column, 
i.e., in column (k). 

As can be seen from Figure 2, the irrigation multiplier 
for the perennial collection is arranged in descending order 
from I2 for cacao to I for apple. 

When the product of (i) and (f) for all the perennial in
dex plants represented in the survey has been calculated, 
the figures entered in column (k) are added and the total is 
entered, circled in red or black, in the square on the 
"total" line corresponding to the perennial collection. 

To verify the accuracy of all the products of (i) and (f) 
and of the total, the operations must be repeated. 

In the light of the preceding explanations, it is easy to 
understand that the total of column (k) for the perennial 
collection increases as the winter colds are less intense and 
frequent and as the combination of climate and soil pro
vides plants with a more adequate and regular supply of 
moisture during the year. 

Katurally the maximum total is 312 when all twelve 
perennial plants are represented and cultivated without 
any irrigation and all have four points in column (i)
irrigation. 

To obtain the total of column (k) for the annual col
lection and also to verify it, the procedure followed is 
similar to that already described. The only difference is 
that the decreasing multiplier goes from 6 for cotton to I 
for barley; as there are only six plants. 

It is obvious that the total in column (k), also circled in 
red or black, will be greater when the summers are more 
pronounced and the conditions of climate and soil are such 
as to provide an adequate supply of moisture for plants. 

Obviously the maximum total, 84, is attained when 
there are six annual plants and all are cultivated without 
the assistance of any irrigation and so have four points in 
column (i)-irrigation. 

THE BASIC VALUES 

When all the operations described are completed, the 
card will appear as in Figure 2 except for the final classifi
cation appearing at the bottom of the card, which has still 
not been explained. The tabulation aud calculation of a 
survey require approximately half an hour's work in all. 

On the card, the six values circled in red or black stand 
out clearly; the way in which they are obtained has been 
explained in detail and they condense, in a practical and 
simple form, the behaviour of the eighteen index plants 
adopted as the basis for surveys of agro-ecological suita
bility. 

It will be remembered that of the six basic values in
dicated, four condense the information regarding the 
abundance, yield and ripeness of the eighteen index crops; 
three of the values relate to the three sub-collections 
which make up the collection of twelve perennial plants, 

while the fourth represents the collection of six annual 
plants. 

Of the two remaining basic values, the first condenses 
information regarding the irrigation of the whole collection 
of perennial crops, and the second condenses information 
regarding the irrigation of the collection of annual crops. 

The foregoing procedure concludes a very important 
first stage, that of condensing into only six values the 72 
(18 by 4) figures which the form for the survey of agro
ecological suitability (Form 3/1944) can contain as a 
maximum, if in a given district there are found all the 
eighteen index plants adopted for this survey method. 

THE KEY A"!'<D ITS PURPOSE 

We must now pass to a second but not less important 
stage-the classification, according to the six basic values, 
of surveys of agro-ecological suitability in groups which 
are sufficiently homogeneous to enable us to state that in 
any locality in a particular survey group it is possible to 
recommend, with probability of success, the cultivation of 
plants (apart from the eighteen index plants) found in the 
other districts of the group. 

Province I District No 
or Dept. 

---~---- -- 470 Territory Altitude 

Q.) 

~Q.) 'H ...... ...,- 0 0 ~::] 
ijbO +->·~ 8 ~~ ... ... u 

Crops >:: "' .~ 
;:IX 10: .5:; ~X 

<d "' 8.] "8'+-< .£ -a 8·~ '0 Q.) ~ .+J 
10: - _ ..... .... <d E 10: :E 0.. 0.. ;::l Q.) ro ro...., ;:!::! ·E :;;: .~ .e-. ..... 

~0 ;::l ::l 
;;:... ~ ~ ~ ;-, ~ 

a b c d e f g h 1 j k' 
Cacao - - - - - - if:'. - 112 -
Pineapple - - - - - ~ - J - 11 -
Banana· - - - - - ~ - l\6 - 11 t) :.... 

Lemon IJ 14 'II ff f6.2 !~ 64.8 I'V 14 Q .16 
Date - - - - - - c - 8 -
Olive 2 i.J ..3 tJ f/.8 ~· Z.3.6 J 4 ' 28 
Fig .] 4 /1 fl ~2 _3_ (/8 6 ~ 4 b .Z¢ 
Grape vine t j z 6 B1l II. .35.2 'V it/. c 20 
Walnut 2 2J l 10.3 1. f0 . .3 1~ .tl ~ i6 
Peach .3 4 i!£ f( 16.2 _2_ .32.4 -; 4 J f2 
Peat z. 3 2. 7 (Q.,I _3 30.9 .~ 14 2 8 
Apple 2 .3 !2 ' 10.3 ~ .1/1. 2 ~ [4{ 1 A 
Total '18 '~ ;!), .A.Jri fOO.f 287.0 t 1411'. 

I -
Cotton. f .J j ., 11.7 ~ ff.L: 14! 6 2.¢ 
Watennelon .3 /1 li£ 11 18:3 2._ ..36.61£-'- 1/1 ' 20 
Maize .J .J /,/ 10 16.7 j_ 501 _: . 1.([ l t6 
Wheat ¢ 1/ .tl fi' 2ao " {jO.O i;; ¢ 3 ~~ 
Oats, .J /,1 w fl 183 _5_ 91..5 l!l. 14 2 8 
Barley i! .J l« 9 [.f.5.0 & 90.oV 14 1 1£ 
Total 116 21 IZJ 60 ~0 . .359.91 ~[84 

FINAL CLASSIFICATLON: 

Fonn. 50/JQhS 
.J5o-so/too_-Jooj8o .. f40 

Figure 2. Calculation sheet fully computed and with final classifi
cation noted. 
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To carry out this classification easily and rapidly a key 
must be prepared, consisting of double-entry squared 
tables; there are a primary table and secondary and ter
tiary tables. 

THE PRUIARY TABLE OF THE KEY 

In the primary table-Figure 3-the ordinates axis 
(vertical) is divided into classes of values of the total (h) 
for the collection of annual plants; these classes are 
divided from bottom to top as follows: 0; 0.1 to 49.9; 
50 to 99.9; 100 to 149.9, and so on, each time increasing 
by 50 until 450 to 499.9, 500 to 549.9, and finally 550 to 
600. 

The abscissae axis (horizontal) is also divided into 
classes of values of the total (h); in this case, however, for 
the first sub-collection of perennial plants the classes from 
left to are divided as follows: 0; 0.1 to 24.9; 25 to 
49.9; 50 to 7:1.9, and so on by 25's until 325 to 349.9; 
350 to 374.9, and lastly 375 to 400. 

In this primary table, which is entered, like the se
condary and tertiary tables, first by the ordinates axis 
(vertical) and then by the abscissae axis (horizontal), 
squares are formed at the intersection of the various 
classes of values of ordinates and abscissae. 

Each square is completely identified by naming, first, 
the lower limit of the corresponding class on the ordinates 

"' a. 
0 ... 2() --ltl 

"' ::1 Q) c 
::1 c 

iQitl 
>-_o 
0 c 
E.2 
::1-
Vl~ 

0 
u 

= 549.9 

500 
499..9 
450 
449.9 
400 
399,9 
350 
34.9,9 

200 
199.9 
150 
149.9 
100 
~9 
50 
~.9 

Ql 

0 

axis (vertical) and, secondly, the lower limit of the cor
responding class on the abscissae axis (horizontal). 

For example, in the calculation card shmvn in Figure 2, 
for the survey of the district of Rosario de Tala (Entre 
Rios), the total (h) of the annual crops is 359.9 (value 
circled in red or black); it is therefore included in class 350 
to 399.9 of the ordinates axis (vertical) of the primary 
table of the key; for the same card, the total (h) of the 
f1rst sub-collection of perennial plants is 64.8 (value 
circled in red or black) and is therefore included in the 
class 50 to 74.9 of the abscissae axis (horizontal). 

The square in which the survey in question is included, 
from the point of view of the two first aspects considered, 
lies at the intersection of the two classes; the square is, as 
already stated, identified thus: 350-50. 

In order to visualize and verify the work of classifi
cation, as well as for statistical purposes, the location of 
each survey in the appropriate square should be indicated 
by a dot (see Figure 3). 

Since there are thirteen classes on the ordinates axis 
(vertical) and seventeen on the abscissae axis (horizontal), 
the total number of squares in the primary table is 221 
(13 by 17); however, it should be pointed out that this 
total is obviously far in excess of the total number of 
squares which are actually required in practice. 

In fact, in accordance with the principles of the method, 
combinations of classes of ordinates and abscissae simul-

Key 
Primary (single) Table· 

0 0.1 25 50 75 100 275 300 3ZS 350 375400 Z4.9 49,9 74.9 99.9 Z14,9 -~ 334,9 34~ 374,9 
- First sub-collection of perennial crops -

Sum of values (h) 
Figure 3. Arrangement of the primary (single) table of the key. 
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9.9 
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. 9 
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~.9 

0 
9.9 
5 
.9 
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0 25 50 

• 
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I 

Key 
Secondary Table 

0,1 75 125 300 3Z5 350 375 
24,9 49.9 7.4,9 ~9 1a4.9 299,'J 3Z4~ 349,9 379.9 400 

Third sub-collection of perennial crops -
Sum of values (h) G.LE..!>t.ony·f~9 

Figure 4. Arrangement of one of the secondary tables of the key. 

taneously representing a summer cooler than the winter or 
a warm and practically permanent summer in a climate 
with a severe and very prolonged winter are never found. 

SECOC>1DARY TABLES OF THE KEY 

Having classified the calculation card by means of the 
primary table on the basis of the two (h) values mentioned, 
we must now classify it in accordance with the other two 
(/1) values circled in red or black. 

This must be done on the secondary table, which is 
based on the corresponding square of the primary table, 
the notation of which (350-50 in the example taken) is 
entered in the upper right-hand corner of the secondary 
table; see Figure 4. 

Apart from this notation, which in every case indicates 
the square on the primary table from which it originates, 
all the secondary tables are prepared in the same way. 
Like the primary and tertiary tables, these are entered 
first by the ordinates axis (vertical) and then by the abscis
sae axis (horizontal). 

The ordinates axis (vertical), which represents the (h) 
total of the second sub-collection of perennial plants, is 
divided into the following classes, reading from bottom to 
top: 0; 0.1 to 24.9; 25 to 49.9; 50 to H.9; and so on, by 
t'.venty-fives until 325 to 349.9; 350 to 374.9, and finally 
375 to 400. 

The abscissae axis (horizontal) (h) the total 
oi the third sub-collection of perennial plants and is 

divided in exactly the same way as the vertical axis and 
the abscissae axis (horizontal) of the primary table; the 
arrangement is the same as for the latter axis. 

To continue the example of Rosario de Tala represented 
in Figure 2, the survey must be classified in accordance 
with the two last-named values of column (h) ; these 
values are also circled in red or black and in this case are 
107.4 and 114.8. 

The procedure is very much the same as that indicated 
for the primary table; i.e., one finds the square corre
sponding to the intersection of the two classes on the 
vertical and horizontal axes and makes a dot at that point. 

The notation to identify the new square is constructed 
in the way already explained, but to distinguish it from 
the same square in any other secondary table, the new 
notation is preceded by the first notation-i.e., the nota
tion entered in the top right-hand corner of the secondary 
table Figure 4-and separated from it by an oblique 
stroke. In the present example the notation will be 
350-50/100-100. 

Since in any secondary table the ordinates axis em
braces seventeen classes and the abscissae axis 17, it is 
obvious that there are 289 (17 x 17) squares, again a 
number obviously much greater than the number which 
can arise in practice, more so than in the primary table. 

In fact, considering the secondary table in isolation and 
the process whereby the (h) values are calculated, it is 
evident that (having regard to the lower limit) combi-
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nations of ordinate and abscissa classes with a sum greater 
than 400 cannot arise. 

Further, it must be borne in mind that, since they al
ready belong to a specific secondary table, certain combi
nations of ordinate and abscissa classes cannot occur. For 
example, in a secondary table dealing with a climate with 
a mild winter and hot summer, combinations of very high 
values for classes of the horizontal axis (third sub-collec
tion) cannot occur, since they correspond to climates with 
a cold winter and mild summer. 

Similarly, in the secondary table representing a climate 
with a cold winter and very cool short summer, combi
nations of very high values for the classes of the vertical 
axis (second sub-collection), which can only occur in 
climates with a mild winter and a long hot summer, will 
not be found. 

It is hardly necessary to repeat that in the secondary 
tables, as in the primary and tertiary tables, each square 
is denoted by the lower limit of each of the two classes in 
which it originates, the figure for the ordinates class 
(vertical) being given first and the abscissae class (hori
zontal) second. 

TERTIARY TABLES OF THE KEY, CLASSIFICATION TABLE AND 

FINAL NOTATION 

After partially classifying the survey by means of the 
primary table and the corresponding secondary table, the 
next operation is to classify it by means of the last table, 
i.e., by means of the appropriate tertiary table. 

For this purpose the two remaining basic values (circled 
in red or black) shown on the calculation card are used, 
i.e., the total of the (k) values-irrigation-corresponding 
to the six annual crops on the one hand and the twelve 
perennial crops on the other. 

In the tertiary table the ordinates axis (vertical) in-
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dicates the classes of (k) values for annual crops divided 
from bottom to top as follows: 0 to 1 ; 2; 3; 4; 5 to 9 ; 
10 to 19; 20 to 39; 40 to 59; 60 to 79, and so on by tens 
until SO to 84, the maximum value that can occur. 

The abscissae axis (horizontal) indicates the classes of 
(k) values for perennial crops, divided from left to right as 
follows: 0 to 1; 2; 3; 4; 5 to 9; 10 to 19; 20 to 29, and so on 
by tens until290 to 299; 300 to 309, and finally 310 to 312, 
the highest value that can occur. 

Like the secondary tables, every tertiary table must be 
marked individually, since in principle the arrangement of 
squares is the same in each table. The notation of the 
square of the secondary table from which the tertiary 
table originates is therefore noted in the right upper 
corner of each tertiary table. In the example the notation 
is, as the reader will remember, 350-50 100-100, the 
number appearing in Figure 5, which shows the corre
sponding tertiary table. 

When the calculation card for a survey has reached the 
tertiary table stage, the procedure is the same as for the 
primary and secondary tables, i.e., the survey is located in 
the square at the intersection of the appropriate classes of 
the vertical and horizontal axes. 

Since with this third location the survey is finally 
classified, it is very important to enter beside the dot in the 
appropriate square the number of the survey in the special 
register which contains all the data required to identify 
each survey. In the present example the serial number is 
4 70; at the time of writing (January 1949) the register of 
the Institute of Soils and Agroteclmics contains approxi
mately 1,200 surveyed localities, the distribution of which 
by provinces or national territories in Argentina and by 
countries is given at the beginning of the paper. 

It is also necessary to complete the classification proce
dure by entering at the bottom of the calculation card the 

'HU •.c. 
:"' 

I 

0 1 2. 3 4 5 9 10 19 20 29 30 129 130139 140149 150159 160 299 .30030931~12 
- Collection of perennial crops 

Sum of values (k) 

Figure 5. Arrangement of one of the tertiary tables. 
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complete notation of the survey, which is obtained by 
adding to the notation in the upper right hand comer of 
the tertiary table, the complementary notation of the 
square in which the survey is located. 

In the example taken, as can be seen in Figure 2, the 
total (k) value for annual plants in 84 and for perennial 
plants 148; therefore the classes to which the survey be
longs are: 80 to 84 in the ordinates axis (vertical) and 140 
to 149 in the abscissae axis (horizontal). The square in 
which the survey will be located is that situated at the 
intersection of the two classes, and in accordance with the 
rules already stated, its notation is 80-140. 

The addition of this notation to that of the tertiary 
table, which is found in the top right-hand corner, gives 
the complete notation 350-50/100-100/80-140, represent
ing the final classification, which is entered at the bottom 
of the calculation card-Form 50/1948-as shown in 
Figure 2. 

Since in any tertiary table the ordinates axis (vertical) 
contains ten classes and the abscissae axis (horizontal) 
thirty-six, it is obvious that there are 360 (10 x 36) 
squares. 

In each tertiary table this number is much greater than 
the number of squares in which surveys may in fact be 
located. 

In fact, in accordance with the notation in the top 
right-hand corner of the tertiary table, surveys corres
ponding to certain squares can never arise. For example, 
if according to this notation there are no annual plants, all 
the squares originating from combinations of the nine 
upper classes of the ordinates axis (vertical) can never 
contain a survey. 

Again, if the notation in the tertiary table indicates that 
there are no plants of the first sub-collection, surveys can 
never occur in the squares resulting from combinations of 
classes higher than 150 in the abscissae axis (horizontal). 
Similar examples could be multiplied. 

Similarly, in each tertiary table there are combinations 
of classes of the vertical and horizontal axes which cannot 
occur, for example: classes indicating irrigation which is 
absolutely necessary for annual crops but never applied to 
perennial crops; nor can the reverse case arise. 

USE, APPLICATION AND EFFICIENCY OF THE KEY: 

CRITICAL V ALGES 

After the procedure described in detail for the Argentine 
district of Rosario de Tala, registered as No. 470, is 
completed for all the localities surveyed in one or more 
countries-ideally in all the countries in the world-the 
squares in the tertiary tables will show groups of localities 
which, according to the survey of their agro-ecological 
suitability, offer similar prospects for vacious crops (apart 
from the eighteen index crops). After completion of the 
calculations, the work of classifying a survey by means of 
the key takes approximately two minutes in all. 

In the case studied, Rosario de Tala (Entre Rfos) is 
located in the square of the tertiary table to which the 
final notation 350-50/100-100/80-140 corresponds. The 
square also contains the four surveyed districts, also in 
Entre Rios province, listed as follows: 

No. 440 locality, General Urdinarrain, Gualeguychu 
Department; 

No. 443 locality, Gobernador Urquiza, Concepcion del 
Uruguay Department; 

No. 453 locality, La Capilla, Villaguay Department; 

No. 459 locality, Libaros, Concepcion del Uruguay 
Department. 

It is interesting to note that in all districts, including 
Rosario de Tala, sunflower, linseed, sorghum and alfalfa 
are grown. 

The fact that all these localities are grouped in the same 
square of the tertiary table (350-50/100-100/80-140) and 
that certain crops are common to them all (apart from the 
eighteen index plants) is fully explained when one exami
nes their climatic, edaphic and phyto-geographic con
ditions. 

In fact, examination of the five districts shows that 
their average annual temperature varies between approxi
mately 18 and 18.5 degrees; the average temperature of 
the hottest month (January) varies between 25.5 and 26 
degrees; the average temperature of the coldest month 
(July) varies between 11.5 and 12 degrees.; the average 
annual rainfall varies between 925 and 1050 rnm. ; the 
average rainfall in the warmest three months varies 
between 235 and 275 mm. ; the average rainfall in the 
coldest three months varies between 130 and 175 mm.; 
the average relative humidity is between 72 and 73 per 
cent; the average relative humidity in the warmest month 
(January) is between 64 and 66 per cent whereas in the 
coldest month (July) it is between 77 and 78 per cent. 
Naturally all the figures represent variation in space and 
not in time. 

The above figures were drawn from unpublished maps 
prepared by Teodoro F. A. Weber for the climatological 
chapter of the General Study of Argentine Mesopotamia 
which is being carried out by the Institute of Soils and 
Agro technics. 

The height above sea-level varies between 34 and 66 
metres and the latitude between 31 o 58' and 32° 42' South. 

The soil is in general clay loam or clay; in Rosario de 
Tala, near the district surveyed, besides clayey soil there 
is also sandy loam and silt loam, as is shown by the un
published map of the Province of Entre Rios on a scale 
of 1/500,000 prepared by the Institute of Soils and Agro-
technics and entitled "Preliminary Soil Classification by 
Texture". 

As regards natural vegetation, all the districts mention
ed belong to the phyto-geographic region of the Mesopota
mian Park (L. R. Parodi, 1945). 

It is important to emphasize that the similarity of 
climatic, edaphic and phyto-geographic conditions is 
mentioned only by way of illustration, since, as was stated 
above, the fact that the various localities are grouped in 
the same square of the tertiary table and therefore have 
the same final notation is sufficient to show that their 
agro-ecological suitability is very similar, even if absolute
ly nothing were known regarding the peculiarities of their 
climate, soil, natural vegetation etc. 

Obviously, if it is intended to introduce into the coun
try a new crop cultivated in a district abroad, and the 
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foreign district when surveyed and ckssified has the final 
notation 350-50(100-100(80-140, the introduction of the 
crop can be recommended with high probability of success 
in the five localities mentioned which have the same 
notation. 

In the classification of localities with widely differing 
ecological conditions such as the approximately 1,200 
localities of which surveys are now in the hands of the 
Institute of Soils andAgrotechnics, not all the final groups, 
located in the same square of the tertiary tables, show 
the same high degree of uniformity as does the group 
taken as an example. Nevertheless, almost without ex
ception, the degree of uniformity is good or excellent; the 
few somewhat heterogeneous squares are due mainly to 
the following reasons: 

(a) The educational level of the field workers varied, as 
did their understanding of the purposes and principles of 
the method; 

(b) Surveys by trainees were not excluded from the key; 
(c) During the course of the years there were some 

changes in the instructions for carrying out surveys, es
pecially as regards irrigation. 

In view of the foregoing it can be stated that the results 
furnished by this method of conducting surveys of agro
ecological suitability and the key are very satisfactory, 
and that in future, with the elimination of the disadvan
tages mentioned, its efficiency will be still further im
proved. 

Similarly, the good results obtained in the 1,200 sur
veys carried out to date confirm the statement made 
when the method was proposed in 1945, i.e., it is im
material that, in reporting information relating to index 
plants, for practical reasons no distinction is made be
tween the behaviour of varieties and no record is made of 
figures relating to yield, area, number of plants cultivated 
etc. 

\Vhen a classified locality falls in an empty square and 
it is still desired to know which other surveyed localities it 
resembles, the information can be obtained, although with 

little as possible from the actual notation. In fact, if the 
critical value of a particular basic figure is slightly higher 
than a limiting value, then instead of the class which 
really corresponds to this value, the one immediately 
below is adopted; obviously if on the other hand the 
critical value is slightly less than the limiting value, the 
next higher class will be adopted. 

In the example chosen, that of Carrodilla, bearing in 
mind the way in which the primary, secondary and terti
ary tables are constructed, it will be seen that the fourth 
basic figure is a critical value, since, being 124.3, it is only 
0.7 below the limiting value, 125, which separates th.e 
survey's own class from that next above. Consequently 
the square most nearly corresponding to the actual square 
will be 350-25(100-125(10-30, in which there are three 
localities, also in the Province of Mendoza: 

No. 492 locality, Las Compuertas, Lujan Department. 
No. 1017 locality, Coquimbito, Maipu Department. 
No. 1023 locality, El Algarrobal, Las Heras Depart-

ment, the agro-ecological suitability of which may be 
regarded as satisfactorily similar to that of Carrodilla 
(No. 1154), so that, as stated, plants (apart from the 
eighteen index plants} cultivated there should also prosper 
in Carrodilla and vice versa. In this connexion it is in
teresting to note that Carrodilla and the other three 
districts (Las Compuertas, Coquimbito and El Algarrobal) 
are all very close to the town of :VIendoza and at practically 
the same altitude. Their height varies between 680 and 
850 metres above sea-level. 

Naturally, when a survey has more than one critical 
value, the possible number of squares with similar nota
tion increases, as does the probability that there will be 
other surveys in one of these squares; with two critical 
values there are three similar squares. 

APPENDIX 

MODIFICATIO"" OF THE METHOD FOR SGRVEYS OF AGRO

ECOLOGICAL SUITABILITY 

a lesser degree of accuracy, by finding another square of The application of the method of survey of agro
which the notation differs very little from that of the ecological suitability by means of index plants-Form 
square actually occupied by the new locality and which 3/1944-by the Institute of Soils and Agrotechnics during 
contains various surveys. the five-year period 1944--1948 has shown the need for the 

For example, for Carrodilla (Lujan Department, Pro- modification of certain points of detail and the addition of 
vince of Mendoza). the six basic values, in the predeter- others, as indicated below: 
mined order (circled in red or black), were 395.8; 44.0; I. The field worker must be an agronomist or agro-
118.8; 124.3; 12; 37. The notation of this survey No. 1,154, nomic engineer with good judgment and well acquainted 
when classified by means of the key described, was with the plants grown. Further, before carrying out sur-
350-25/100-100/10-30. veys, he must fully understand the theory and practice of 

As the square in which this survey was entered contains the principles and purposes of the method and the manner 
no other surveys, if it is desired to know which other of carrying out surveys, especially as regards irrigation 
localities resemble Carrodilla with regard to agro-ecologi- data. 
cal suitability, it is necessary, as already stated, to find II. .i\1 aximum area of surveys. Even in flat uniform 
another square which has a closely similar notation and regions in the most favourable conditions, the radius 
which contains various other surveyed localities. should not exceed 20 kilometres. 

In doing so, it is very important to establish which of III. Pofmlation and date of settlement. The method can 
the six basic figures is (or tends to be) critical or, in other be applied when the total population in the surveyed area 
words, which of them is close to a value limiting or is 400 inhabitants or more and the town, colony etc. has 
separating two classes of the ordinates axis or two classes been settled for twenty or more years. If the population, 
of the abscissae axis. Having isolated the critical value, because of tourist traffic or other migrations, varies ap
one can easily construct a new notation which differs as preciably during the year, the limit of 400 inhabitants in 
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the surveyed area need only be reached at the time of 
maximum population. 

IV. Non-inclusion of certain index plants. The survey 
sl10uld include only index plants which are cultivated 
without artificial shelters (greenhouses, glasshouses etc.), 
vchich have been growing in the district for at least three 
years, and the appearance and growth of which is, if not 
good, at least passable. The presence of index plants 
which do not satisfy the above conditions may be noted, 
for information, in words (not using the usual symbols) on 
t te appropriate line of the survey cards; these plants will 
not be included in the subsequent calculations. 

V. Complete data. Whenever an index plant is reported, 
using the usual symbols, even in category D ("rare"), no 
effort must be spared to provide three remaining data, viz., 
yield, degree of ripeness, and irrigation. Omission of any 
information much decreases the value of the survey. 

VI. Plants which do not produce fruit or grain. If a plant 
does not flower, or flowers and does not yield fruits or 
grain, the fact should be indicated by drawing a horizontal 
line through columns L, M, N, 0 and P. It will be recalled 
that the yield in column H will then be regarded as "nil" 
and on decoding will be given the value 0. 

VII. Irrigation of soil on which plants grow. Field 
workers must pay the closest attention to this point. The 
column should include: 

(Q) "None": (1) Any perennial plant (cacao to apple) 
which does not receive irrigation after the first year; 
(2) Any annual plant (cotton to barley) which actually 
rrceives no irrigation before or after sowing; 

(R) "None after plant is established": (1) Any perennial 
plant which receives irrigation after the first year until it is 
actually established; (2) Any annual plant whose soil re
ceives artificial irrigation or irrigation from floods until the 
plants take root, whether or not such irrigation occurs 
before or after sowing. 

(S) "Periodical to increase yield": (1) Any perennial or 
annual plant regularly irrigated after it takes root (R) in 
order to secure a satisfactory yield; (2) Any perennial or 
annual plant intentionally planted on low land where rain
water or water from melted snow accumulates, even 
where no irrigation is used. 

(T) "Periodical, absolutely required": Any perennial or 
annual plant periodically irrigated after taking root (R) 
because it would otherwise die. 

VIII. Principal plants. Apart from the eighteen index 
plants, the plants most commonly grown outdoors in the 
region, not only commercial crops but also shade and shel
ter trees, plants for domestic use etc., will be noted in the 
space at the bottom left-hand corner of the survey card. 
The abundance of each of the plants will be noted in 
exactly the same manner as provided for the eighteen 
index plants. 

IX. Desirability of complementary data. Experience in 
recent years has shown that complementary data, which 
are generally easy to obtain on the spot at the time of the 
survey, are later of great value in producing reports and 
making recommendations of the most varied types re-
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garding surveyed localities and their agricultural and 
stock-raising possibilities, the area over which crops are 
grown etc. 

The data are entered in detailed but concise form on the 
back of the card in a synoptic table prepared for the 
purpose. The information recorded deals with: soil topo
graphy, type of natural vegetation, absence or presence of 
surface water; soil (characteristics of the distinct horizons, 
adverse conditions, erosion), water tables, use of fertilizers, 
principal crop diseases, adverse climatic conditions affect
ing plants grown, classification of locality from the point 
of view of the agricultural use of the land (dairy farming, 
fruit farming, stock-raising, cereals, mixed farming, cotton 
etc.), subdivision, ownership and value of land, leases, 
crops and livestock of most importance to the local econo
my (where possible indicating the most common varieties 
and breeds), rural population, brief note on the town or 
village centre, and any other information of interest 
which the surveyor may regard as useful (fauna, agri
cultural pests, industries, health, tourist trade etc.). 

X. Photographic documentation. The use and practical 
value of the surveys are greatly increased if six or eight 
photographs (size 6 em. X 9 em.) taken on the spot to 
illustrate the various subjects mentioned are affixed to the 
survey card. 

XI. File and map showing surveys. In order to facilitate 
the consultation of surveys of localities near an unsur
veyed area, a map of the country or countries will be kept 
up to date. All surveys will be clearly indicated by means 
of a conspicuous red dot, beside which will be noted the 
number of the survey in the register. Such a map is 
used by the Institute of Soil and Agrotechnics, and is 
kept up to date by Mr. Luis ]. Sabella, assistant in the 
Division of Agro-ecology. 

Further, in order to simplify the work of finding surveys 
for a particular locality, the name and province of which 
is known, surveys should be filed by provinces or national 
territories, surveys in each province being arranged m 
alphabetical order of the names of localities. 

XII. Keeping surveys up to date. The possibility of 
growing new crops in a locality depends not only on the 
climate and the soil, which may be regarded as relatively 
stable factors, but also on other factors which vary in the 
course of time, such as increased population, improved 
means of communication, construction of drainage or irri
gation works, improved education of the population, use 
of fertilizers, subdivision of land etc. 

From the foregoing it follows that it is most important 
to survey each area at frequent and regular intervals, e.g., 
every five years, so as to provide a history of the evolution 
of the agro-ecological suitability of the localities recorded 
in the key already explained. 

This will be of obvious practical utility since, on sur
veying a new locality, it will be possible with the aid of the 
key not only to recommend the crops feasible under 
current conditions but also to forecast the new crops 
which it will be possible to grow (and to point out the old 
crops which should be eliminated) as the area develops. 
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Erosion Survey in the Province of Bio-Bio, Chilel 

M. RODRIGUEZ Z. 

ABSTRACT 

Results of the soil erosion survey in the Province of Bio-Bio 

As a result of the soil survey, it has been possible to make a study of the degree of rain and wind erosion in the 
Province of Bio-Bfo. 

The following data have been obtained from this study: 

Degree of erosion 

Percentage 
affected in 

Area affected each degree 
(Hectares) 

Grade 1: No erosion . . . . 
Grades 2 and 3: Light to moder

ate sheet erosion without gullies 

62,500 17.2 

51,870 14.2 
Grades 3 to 4 and 7 to 8: Moder

ate to severe sheet erosion with 
frequent gullies, seriously affect
ing soil fertility . . . . . . . . 117,190 32.2 

Grade E: Movement of the sand 
due to the wind, with local for
mations of dunes and hillocks 132,560 36.4 

Area of Soil Surveyed . . 364,120 100.0 

The figures shown in this survey clearly reveal the magnitude of the problem, since it is absolutely necessary to 
control erosion in 117,190 hectares in order to avoid the total destruction of these soils, which has already taken place 
in some sectors. They also support the estimate made in 1942 by agricultural engineers Manuel Elgueta and Juan 
Jirkal that 4 million hectares are affected by soil erosion in Chile, a figure which does not appear to be excessive in 
the light of these results. 

The results obtained in this survey have made it possible in eight months' field work to give an accurate picture 
of the magnitude of the problem of erosion in one agricultural province of Chile. 

It has been possible to indicate the areas where initiation of a demonstration programme for farmers is most urgent. 

The publication of these concrete data has awakened the Government, the farmers and public opinion to the need 
of controlling soil erosion in the country. 

Soil conservation programmes are a matter of vital im
portance to Chile, since, owing to the topographical 
conditions of the country (an abundance of small hills, and 
mountain ranges over most of the territory), soil erosion 
has had a serious effect on agriculture. 

The Ministry of Agriculture has for some years been 
paying particular attention to this problem, and to that 
end has established the Soil Conservation Section in the 
Department of Agricultural Research. This Department 
has eleven experimental stations scattered from the north 
to the south of the country, where conservation plans are 
being developed which will make it possible to deal with 
the problem in the agricultural regions in which they are 
situated. 

Experiments are being carried out at these stations in 
connexion with the introduction of better fodder crops, 
particularly for arid soils, tests of fertilizers, crop rotation, 
mechanical methods of erosion control such as Nichols 
terracing, level planting, and contour planting of vines, 
permanent drainage, etc. Also, the soils near these 
stations have been classified in accordance with their 

1 Original text: Spanish. 

capacity for use (Groups I to VIII of the United States 
S.C.S.), in order to determine the most suitable type of 
farming and to develop control practices best fitted to the 
types of soil with which these experimental stations have 
to deal. 

Parallel with the research programme which is being 
carried out at the experimental stations, a survey of the 
soils and erosion has been started. 

The survey map of the soils is being prepared to scale 
1: 100,000, based on the description of the series, or 
morphologically similar profiles, constituting the units of 
soil for preparation of the map of the region under study. 
1,200,000 hectares have so far been surveyed, including 
the provinces of Osorno, Llanquihue and Bio-Bio. 

On the bases of the soil surveys and experiments at the 
experimental stations of Collipulli and Victoria, it has 
been possible for the Department of Agricultural Research 
and the Department of Agricultural Propaganda and 
Education to prepare a joint plan for demonstrations on 
farm properties in the region of Collipulli, Mulchen, Trai
guen and Angol in the provinces of Bio-Bio and Malleco, 
dry wheat-growing areas which are seriously affected by 
erosion. 
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SOIL EROSION IN THE PROVINCE OF BIO-BIO 

SITUATIOK OF THE PROVINCE OF BfO-BfO AND THE AREA 

SURVEYED 

The Province of Bio-Bio is in the centre of Chile, be
tween latitudes 37° and 38° South and longitudes 72° and 
7:3° West. The area studied covers 364,000 hectares, and 
comprises the agricultural region lying between the Andes 
to the east, the coastal mountain range to the west, the 
river Laja to the north and the river Renaico to the 
south. The capital of the<Province of Bio-Bio is the town 
of Los Angeles, population 20,000. 

CLIMATIC AND PHYSIOGRAPHIC CHARACTERISTICS 

The climate of Bio-Bio Province is of the temperate 
:VIediterranean type, with an annual mean temperature 
which varies very slightly, 13.9 degrees C. being the an
nual average. Precipitation is high, reaching 1,200 mm. 
but most of this falls at the end of October, in the winter 
and to a lesser degree in the spring. The summer months 
are fairly dry and make it necessary to irrigate farm land. 

Table of rainfall expressed in millimetres, average over 
twenty years observation at Los Angeles, Bio-Bio: 

jan. 
18.7 

Feb. 
28.7 

Mar. 
50.7 

April 
81.7 

May 
219.8 

June 
250.9 

july 

209.5 
Aug. 
183.6 

Sept. 
102.4 

Oct. 

60.3 
Nov. 
58.6 

Dec. 

31.2 

Yearly 
rainfall 

1296. 

As a consequence of this distribution of rainfall the 
vegetation on the plain consists chiefly of evergreen 
shrubs, and the woods begin only at the foot of the Andes. 

The area surveyed is in the longitudinal plane which 
geographically corresponds to a large tectonic rift be
tween the Andes to the east and the coastal mountain 
range to the west. This depression has been filled up by 
material carried down from the Andes by various agents. 
Thus to the south of the river Bio-Bio, which runs from 
east to west through the centre of the province, the pre
dominating material is quaternary glacial sediment, 
characterized by clay materials with fragments of volcanic 
rock, andesite, an undulating topography and reddish 
coloured clav soils. North of the river Bio-Bio the fluvio
glacial sedi~ents of the great alluvial cone of the River 
Laja predominate, producing sandy soil with very little 
cohesion. Here and there occur isolated stretches of the 
glacial tablelands already described. At the foot of the 
Andes the glacial sediment is covered by a sheet of fine 
volcanic materials, principally ashes deposited by wind, 
river and glaciers. The coastal mountain range has ancient 
topographical forms, slightly undulating landscape and 
low hills. The soils are derived from granite-diorite and 
are very much subject to erosion. 

TYPE OF AGRICULTURE 

Both irrigated and dry forms of agriculture are found in 
the Province of Bio-Bio, but the irrigated form represents 
only 15 per cent, about 50,000 hectares of the best 
soils in the plain. 

On the irrigated soils a four-year crop rotation is usually 
practised: kidney beans, potatoes, maize or lentils, fol
lowed by wheat mixed with red clover (Trifolium pratensis) 
and two years' pasture for dairy farming, stock fattening 
or hay. 

The land on the small hills of glacial origin is dry, and 
the rotation followed is: fallow-wheat, followed by either 
oats or natural pasture, and a return to fallow after one or 
two years under pasture. Recently crimson clover (Tri
folium incarnatum) has been introduced to replace the 
natural pasture which is of poor growth and dries up in 
summer. 

On the coastal hills the same rotation is followed, but 
vineyards suitable for dry soils are present in large 
numbers. 
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Large plantations of Pinus radiata have been introduced 
on the soils where erosion is particularly serious and also 
on the sandy flats where there is no water-supply. 

METHOD USED IN THE SOIL AND EROSION SURVEY 

The survey was made on the basis of the geographical 
map of Chile, published in 1945 by the :VIilitary Geo
graphical Institute, and the roadmap, scale 1: 500,000 
published by the Department of Roads of the Ministry of 
Public Works. The whole road network of the zone, to an 
extension of 2,000 km. was covered, and for each kilometre 
observations were made concerning the soil and the degree 
of erosion, using the follo'\\ing scale as an indication: 

Degree of Erosion 

\Vithout apparent erosion . 
Slight sheet erosion. . . . 
:Moderate sheet erosion • . 
Severe sheet erosion • • . 
Very severe sheet erosion with total loss of soil 

Shallow and infrequent erosion gullies . . . 
Deep and frequent erosion gullies . . . . . 
Very deep and very frequent erosion gullies. 
Wind erosion . . • • . . . . . . . . . . 

Grade 

I 
2 
3 
4 
.5 

7 
8 
9 
E 

It was preferred to choose degrees of erosion which were 
easy to estimate and identify at sight or by superficial 
examination of the land, in view of the fact that the scale 
used by the Soil Conservation Service of the United 
States, based on percentages of the horizon of soil lost, 
implies a previous knowledge of the profile of virgin soils 
and the classification of the soil series of the region; how
ever our survey always mentioned the grade of erosion in 
conjunction with the soil series which were being described 
in the course of the work. 

The application of this scale proved simple and effective 
in describing, after rapid survey, the erosion affecting a 
region, as was proved by comparison of the results of the 
erosion maps thus prepared with the more detailed survey 
work carried out later in the same zones. 

Given the scale of the map, it was necessary in many 
cases to represent the same zone by two symbols since the 
two grades of erosion were too closely combined to be in
dicated separately on the map. 
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RESULTS OF THE EROSIOX SURVEY IK THE PROVIXCE OF 

BIO-BIO 

As a result of the soil survey it was possible to make a 
study of the of erosion due to the action of wind or 
rain in the Province of Bio-Bio. 

The study provided the following data: 
Percentage 

Degree of erosion A rea affected affected 
in each grade 

Hectares 
Grade 1: No erosion . 62,500 l i.2 
Grades 2 and 3: Light to moderate sheet 

erosion without gullies . 51,870 14.2 
Grades 3-4 and 7-8: Moderate to severe 

sheet erosion with frequent gullies, 
seriously affecting soil fertility ll7,190 32.2 

Grade E: Movement of sand due to 
wind action with local formations of 
dunes and hillocks. 132,560 36.4 

AREA OF SOIL SURVEYED. 364,120 100.0 

The figures shown in this survey clearlv reveal the 
magnitude of the problem, since it is absolut~ly necessary 
to control erosion in 117,190 hectares in order to avoid the 
total destruction of these soils, which has taken 
place in some sectors. They also support the estimate 
made in 1942 by agricultural engineers Manuel Elgueta 
and Juan Jirkal, that 4 million hectares are affected bv 
soil erosion in Chile, a figure which does not appear to b~ 
excessive in the light of these results. 

The soils included in category 1 of erosion belong to the 
flat irrigated land, which is the best in the province. 

The lands in grades 2 and 3, light to moderate sheet 
erosion, are for the most part gently sloping hills with 
gradients of from 3 to lO per cent and with highly per
meable muddy soils rich in organic matter, due to the 
forests which formerly covered them and which have been 
recently cleared for cultivation. No sheet erosion is ob
servable, however, in the newly-sown autumn wheat fields 
which have not yet developed at the time of the heavy 
winter rains. , 

Some of the lands in grades 3 to 4 and 7 to 8, \vith 
moderate to severe sheet erosion and with infrequent or 
frequent gullies, belong to the dry wheat-growing region 
with red clay soil, consisting of moderately permeable 
glacial sediment and with undulating topography, are 
found in the Department of }fulchen and on the glacial 
tablelands of the Los Angeles region. The rest belongs to 
the low hills of the coastal region, at Nacimiento and Laja, 
with primary soils formed from granite-diorite rock, with 
loose clayey and sandy textures.which lose their cohesion 
when wet owing to the abundance of quartz crystals in the 
soil, which causes large gullies once the process has 
started. 

The Province of Bio-Bio has 132,000 hectares of sand, 
situated in the great alluvial cone of the River Laja which 
has filled the longitudinal plain with its fluvio-glacial 
sediment. These sands were covered with low woods, but 
when these were cleared to prepare the soil for irrigation, 
the sands started to move and formed hillocks and dunes 
over an area of 17,000 hectares. 

COMME::-fTARY AND CO~CLUSIO::-fS 

The results obtained from the survev have made it 
possible after eight months' field work to" an accurate 
picture of the magnitude of the erosion problem in one 
agricultural province of Chile. 

It has been possible to indicate the areas where initiation 
of a demonstration programme for the farmers is most 
urgent. 

The publication of these concrete data has awakened 
the Government, the farmers and public opinion to the 
need of controlling soil erosion in the country. 
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The Natural Agricultural Resources of the Belgian Congol 

M. V. HOMES 

ABSTRACT 

Natural agricultural resources reside in the characteristics of climate and soil. Certain methods of cultivation 
may limit the changes in the climate and their consequences (erosion). The soil's fertility is based upon its physical 
and chemical properties. The first may be maintained by soil protection and the use of compost. The maintenance or 
improvement of chemical fertility calls for the use of fertilizers. For this purpose INEAC 2 started tests which consisted 
in seeking formulae for complete fertilizers and in studying the methods of applying them. It was shown that the 
N. P. K balance is not the sole consideration in the establishment of optimum formulae and that at least the balance 
between the three acids (nitric, phosphoric and sulphuric), and the three bases (lime, magnesium and potassium) must 
be taken into account. Failure to recognize this principle explains previous failures. Equilibrium between the three 
bases is essential. The part played by magnesium has been underestimated hitherto. Lastly, the method of letting 
land lie fallow may be of great value in conserving soil fertility and INEAC has established principles governing that 
method. However, it is a stop-gap method and not sufficient in itself. As regards industrial crops, much may be expected 
from the use of fertilizers, which will be provided, in the main, from the colony's natural mineral resources. 

The vegetable production of a region is dependent on 
two principal factors: the characteristics of the climate 
and the nature of the soil. 

It may be thought that man has no influence on the 
climate and cannot modify in a favourable sense its action 
on the vegetation. That is by no means the case. In fact, 
the development of the soil's vegetation, that is to say, the 
replacing of natural vegetation by artificial crops, the 
clearing of undergrowth and the felling of trees, are factors 
influencing both the rainfall itself and its subsequent 
disposal-run-off and possible erosion caused thereby. 
Hence, it is no exaggeration to say that climate, which is 
one of the sources of a region's prosperity, depends to some 
extent on man, and that he therefore has his share of 
responsibility for the conservation or wasting of this 
natural resource. 

Moreover, the soil is a factor which influences the 
vegetation, whether natural or artificial, in two principal 
ways since it has physical and chemical properties. 

Among the physical properties (which cannot be dealt 
with in detail in this short paper) are properties of adsorp
tion which give the soil its ability to retain moisture and 
nutritive substances for plants. 

This capacity of adsorption varies greatly in different 
soils owing to their structure and texture, so that from 
this point of view the soil may be of very varying value as 
a source of plant prosperity. 

The soil is a result of the weathering of rocks of varying 
chemical composition, and therefore itself contains various 
ctemical elements. Hence, it has greater or less chemical 
fertility according to the value of those elements to the 
dtvelopment of. the plants. 

These properties of the soil-physical properties (mainly 
adsorptive) and chemical properties (mainly nutritive)
vary greatly from one place to another and determine the 
nlue of the soil (in the same climate) and the possible 
success or failure of intensive cultivation. 

Man can influence the physical properties of the soil by 
in:;orporating organic matter which increases its adsorp
tive capacity. 

1 Original text: French. 

From the standpoint of large-scale cultivation, the or
ganic matter available for plantation improvement must, 
of necessity, be the organic matter produced on the 
plantation itself. It is not feasible to use compost from 
the neighbouring forests and one must manage with the 
leaves and vegetable litter on the spot. This limitation 
has certain consequences; as a large quantity of vegetable 
matter is not available, the existing matter must be used 
to the best possible advantage. 

When spread uniformly over the whole surface of the 
plantation, the quantity of vegetable matter derived from 
litter is generally far too small to produce a relatively 
large amount of humus and appreciably increase the use
ful properties of the soil. On the other hand, tests made 
at the INEAC Research Centre at Yangambi have shown 
that, if the organic matter is introduced into the soil 
within a well-defined and limited area, the production of 
the humus in that area is far greater, and favourable 
results rapidly ensue (particularly the proliferation of 
roots which constitute the plant's reactions to the work 
done on the soil). 

For instance, ditches 1 metre wide, 2 metres long and 
50 em. deep may be dug at the foot of each tree in a palm 
plantation and filled in with all the litter from the plan
tation itself. If of a suitable type, the waste products 
remaining after any processing may also be introduced 
into the soil. In any event, it is in these ditches that the 
decomposition of plant matter will produce the most 
favourable and richest humus in the district. The action 
on the chemical properties of the soil will of course depend 
upon the addition of fertilizing agents. 

The method of using organic matter which we have out
lined above automatically results in releasing in the ditch 
(where decomposition takes place) a certain quantity of 
mineral elements suitable for use by the tree. 

The mineral salts released in this way are temporarily 
fixed by the phenomenon of adsorption and their com
plete release only takes place by degrees. This fact in
creases the prospect of their being used by the tree and 
decreases the risk of their being washed away by rain and 
run-off water. 

2 Institut national pour l'etude agronomique du Congo belge. 
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But the quantity of mineral elements which can be 
produced by the decomposition of waste matter is not 
sufficient to ensure a good yield. This is easily under
standable as, apart from the elements which thus return 
to the soil, a part is retained in the trunk and leaves of the 
tree and another part is withdrawn in the products re
moved for processing. 

Hence, if the soil is to be sufficiently rich from the 
chemical point of view, this improvement must be supple
mented by the addition of mineral fertilizers. 

The problem of the use of mineral fertilizers in tropical 
regions has to be considered from two aspects, that of the 
method of application and that of the composition of the 
fertilizer to be used. As regards the method of application, 
this should be based on the properties of the organic 
matter in decomposition (as mentioned above), and con
sequently the mineral fertilizer will be added in the same 
ditch in which the vegetable waste will decompose for the 
use of the trees. It will thus be temporarily retained on 
this humic matter and will thereby be to a large extent 
protected from being washed away by rain-water. 

However, our knowledge of the composition of the fer
tilizer to be used is still somewhat rudimentary. A large 
number of tests in the Belgian Congo involdng the appli
cation of mineral fertilizers in various plantations have 
failed completely. 

The reason for this failure is that the method of appli
cation was not always appropriate, and particularly that 
the technique mentioned above was not employed. In 
many cases the fertilizers were merely broadcast on too 
bare a soil and thus were soon washed away and removed 
from the area of utilization. 

Moreover, most of the tests referred to the application 
of simple fertilizers. A simple fertilizer by definition, 
always less effective than a compound fertilizer, as it is 
very seldom that a soil is deficient in only one element. 
This defect of simple fertilizers is accentuited in the case 
of tropical soils which are poor in minerals and in which 
the application of a simple fertilizer causes a total dis
equilibrium unfavourable to plant life. 

At the INEAC Research Station at Yangambi the 
problem of the composition of mineral fertilizers was 
studied from the standpoint of finding the formula for a 
complete fertilizer. It was shown that, in the experi
mental conditions obtaining, a fertilizer was likely to be 
effective if its composition resulted in a certain equili
brium between all its constituents, both acid and basic, and 
not merely among the three main elements normally 
considered by agricultural experts, namely, nitrogen, 
phosphorus and potassium. 

It was shown, in particular, that there must be a certain 
equilibrium between the three principal acids-nitric, 
phosphoric and sulphuric-and the three principal bases
lime, magnesium and potassium-and that this last 
equilibrium is probably the more important of the two. 

The researches made at Yangambi have already passed 
beyond the first phase in which the fertilizers were used 
solely in sterile and artificially controlled soil. 

Tests are now in progress with a view to the application 
of these fertilizers in natural soil where slight variations in 
the formula, according to the nature of the soil and the 
pedological data, are to be expected. 

The tests have so far been encouraging, and it is prob
able that this form of improvement of the natural re
source constituted by the soil in tropical regions can be 
ensured by applying mineral fertilizers, and that the pro
ductivity of the plantations can thereby be maintained 
and even increased. 

lVIoreover, some of the colony's mineral resources, such 
as lime, magnesium, phosphates etc., could probably be 
used in fertilizers applied in this way. 

The experimental research for an optimum formula 
consists of the following stages: 

(l) Cultivation on sand regularly sprayed with various 
mineral solutions. 

(2) Incorporation into the sand of fertilizer correspond
ing to the composition of such solutions, but only annually 
or twice annually. ~ 

(3) Study of the same solutions or fertilizers on sand 
mixed with clay. 

(4) Study of the same solutions or formulae on various 
types of soil. 

This research has led to the following results: 
(1) Determination of the best formula for the plant. 

This first stage of research has led to the establishment of 
several useful formulae for the oil palm (Elaeis guineensis). 
It has shO\m the inadequacy of the classical N: P: K equi
librium and the special importance of maintaining equili
brium between the bases (Ca l\lg- K). It has stressed 
the often unrecognized importance of magnesium and the 
danger of an excess of phosphorus when the proportion of 
magnesium is inadequate. 

(2) Determination of the effect of clay on the possible 
utilization of mineral fertilizers. 

(3) Comparison of various formulae which are chemi
cally equivalent but of varying solubility. 

(4) Calculation of quantities to be used and of profita
bility. 

(5) Detailed knowledge of methods of application. 
Lastly, there is another method of soil improvement 

which has been used for a long time and which has proved 
its value, provided that certain well-defined principles are 
observed: that of letting land lie fallow. The soil is left 
to reclothe itself with natural vegetation (or possibly 
vegetation subject to a certain degree of control) after it 
has been cultivated for a certain time and before the de
crease in productivity is too marked. 

The growth may be either forest or herbaceous, and the 
duration of the fallow period may vary according to soil 
and climatic conditions. 

Clearly, this fallow system can only b.e applied with 
advantage to short-term plantations, that principally 
to the production of food crops. Hence, the problem is of 
prime importance to the feeding of the native population. 

In the Congo forest region the life of a plantation on 
forest land cleared for the production of food crops can 
hardly exceed three or four years and the period during 
which it must lie fallow to restore the soil for cultivation is 
some twelve years. 

Letting the land lie fallow restores the soil fertility, lost 
through use, in the following way: when natural vegeta-

154 



SOIL SURVEY AND RESEARCH IN RELATION TO SOIL CONSERVATION QUEVEDO 

:ion returns to very poor soil, only the less exacting 
;Jlants grow there and normally provide a very scanty 
•;over. 

At the end of its life this vegetation decomposes and, as 
n the case of the plantation compost mentioned above, 
~he products of this decomposition release salts which can 
;le used directly by the plants and enable more exacting 
and therefore more luxuriant plants to grow on the soil. 

Thus the vegetation increases by degrees, grows richer 
and finally the forest becomes established and in the course 
nf time leaves a large quantity of organic matter in de
composition which produces on the surface a humus rich 
in mineral matter directly utilizable by the plants. 

When land is cleared for cultivation the plant consti-
1 uents are burnt or decompose and the products of these 
1 ransformations enrich the humus which temporarily 
retains them, leaving them accessible to whatever is 
planted there. 

When the rotation of crops is ended, the land is left 
fallow and the processes which we have described above 
start again. Hence, the fallow period restores the soil 
fertility diminished by cultivation. 

The speed of this process varies in accordance with the 
real value of the soil (from the point of view of the chemical 
reserve represented by its mineral constituents) and the 
climatic conditions. But man can influence the evolution 
of this process, and INEAC has perfected various methods 
to facilitate the growth of plants on fallow land. to assist 
that growth and accelerate it: e.g., conservation, of 
"islands" of regeneration in the fields (including the use for 
this purpose of termite nests which are unsuitable for 
cultivation); "strip" cultivation. that is, on strips of land 
100 metres wide, which means that all parts of the field 
are near the seed producers of the adjoining forest; choice 
at the end of rotation of a shrubby plant affording good 

protection to the soil and permitting the first new plants 
to grow under its shade etc. 

One last point remains to be considered: the economic 
aspect of methods for the improvement and conservation 
of these natural resources. It is essential to check or stop 
waste and provide for the future. Nature does not stand 
still. From this viewpoint of conservation, the practice of 
rationalized fallow periods in accordance with the prin
ciples established by INEAC, is the least costly method. 
In the long run, however, it is realized that this method 
has drawbacks, as it shuts off a large unused area, thereby 
increasing transport difficulties and requiring a quantity 
of land which in some places may not be available. 

Although the application of chemical fertilizers may 
help to solve the problem-and this is almost certainly so 
in the case of industrial crops-their high cost will always 
lead to the use of only really effective fertilizers. Con
sequently, it is essential that thorough tests be made to 
decide upon the relative worth of the formulae and to 
determine the inter-action of the soil and the fertilizers. 
I~EAC's method of undertaking basic studies to deter
mine the principles governing the methods of application, 
and the best and most suitable formulae, is undoubtedly 
the surest. It is a mistake to regard this method as a 
roundabout one. It is true that field tests are at present 
few and far between, but this is not due to lack of data to 
be tested but rather to difficulties of supply. 

In this latter respect the co-operation of the chemical 
industry and the use of natural deposits are essential to 
the progress of the tests. But in any event, these tests 
will be based on sounder knowledge which will obviate 
trial and error and make up for the time spent on establish
ing the principles. Once again, a thorough study of the 
basic sciences will turn out to be the best guide to practical 
application and hence to an improvement in the general 
welfare, and to the conservation of natural resources. 

Surveys of Zones Affected by Soil Erosion (Type, Degree, Area, 
Causes) in the Argentine Republicl 

C. V. QUEVEDO 

INTRODUCTION 

For an agricultural and stock-raising country like 
Argentina, soil erosion, in its two main forms of wind and 
\Yater erosion, is a problem of great importance and its 
investigation with a view to the discovery of rational solu
tions making possible the better utilization of agricultural 
land has therefore been a major concern of government 
agencies, notably the Soil and Agro-Technical Institute. 

The first step, to estimate the magnitude of the problem, 
was the carrying out of surveys in the areas most affected 
by erosion. 

The Soil and Agro-Technical Institute which was set up 
in 1944 on the basis of the existing Soils Division, trained 
a specialized staff and, through the Division of Conser-

1 Original text: Spanish. 
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vation and Soil Improvement, immediately began the 
survey work. 

The following figures of the number of hectares sur-
veyed and the extent of eroded areas an idea of the 
work accomplished to date. 

Predominantly natural erosion 
Predominantly slight erosion . 
Predominantly moderate erosion. 
Predominantly severe erosion . . 
Predominantly very severe erosion . 

Hectares 
6,440,000 

11,893,000 
15,095,000 

7,142,000 
100,000 

Total surveyed . . . . . . . 40,670,000 2 

• The figures for areas were calculated by the Cartographic 
Section of the Soil and Agro-Technical Institute using ordinary 
planimeters. 
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According to official data, the total area of 279,843,000 
hectares possessed by the Argentine Republic is distributed 
approximately as follows: 

Streams, swamps, marshes, 
mountains etc. . . . . . 

Forests. . . . . . . . . . 
Lakes, lagoons, wide rivers. 
Salt marshes and salt pans • 
Roads ....... . 
Railways •.......• 
Towns and villages . . • . 
Land under cultivation . , 
Natural pastures and permanent 

artificial pastures 

Total , ..... , ... , 

Hectares 

38,000,000 
89,683,000 
3,019,000 
2,398,000 

880,094 
210,288 
500,000 

30,000,000 

115,152,628 

279,843,000 3 

• Almanac of the Ministry of Agriculture. Directorate of Public 
Information and Publications. Argentine Republic. 1944. 

If pastures, land under cultivation and forests are 
regarded as land capable of being used for agriculture and 
stock-raising, the area suitable for these two purposes is 
about 234,835,628 hectares, which means that the surveys 
so far carried out have only covered about 16.6 per cent 
of the area to be surveyed and that the completion of the 
survey will therefore take many more years. 

It should be noted that the surveys mentioned have 
covered a wide diversity of agricultural areas in Ar
gentina. Priority has been given to the areas generally 
most affected by either separate or combined wind and 
water erosion. 

SURVEYS COMPLETED 

Because of the volume of studies made only three sur
veys will be briefly described, namely: 

(l) Mesopotamian or littoral regiou 
(2) Central Tucuman . 
(3) The pampa region • . . . . . 

Hectm·es 
20,000,000 

670,000 
20,000,000 

MESOPOTAMIAN OR LITTORAL REGIO~ 

As its name indicates, this is an area enclosed between 
two rivers by which it is bounded. The rivers are the 
Parana and the Uruguay which almost completely sur
round it. The region includes the provinces of Entre l{ios 
and Corrientes and the Territory of )1isiones and has an 
area of 78,000 sq. km. 

This peculiarity imparts special characteristics to the 
flora and fauna of Mesopotamia. 

In view of Mesopotamia's elongated shape from north to 
south, there are naturally appreciable differences of 
climate and relief. 

The delta of Entre Rios was not included in the survey, 
since it has highly individual characteristics, which form 
the subject of another investigation now in progress at the 
Institute. 

As may be seen from the map the erosion survey, which 
was preliminary in character, covered the provinces of 
Entre Rios and Corrientes and the Territory of Misiones. 

The results of the survey were as follows: 

Area I. 
Area II. 
Area III. 
Area IV. 
Area V. 

Predominantly natural erosion. . 
Predominantly slight erosion . . 
Predominantly moderate erosion. 
Predominantly severe erosion . . 
Predominantly very severe erosion . 

Total area surveyed . . . 

Hectares 
2,400,000 
7,500,000 
7,500,000 
2,500,000 

100,000 

20,000,000 

To provide a clearer picture of the region, each of the 
three territorial divisions making it up will be considered 
separately: 

Province of Entre Rios 
The general relief of Entre Rios is marked by the long 

hillocks which slope gently towards the banks of the 
Uruguay and Parana, forming a longitudinal watershed 
which separates the waters, facilitating the formation of 
small valleys or basins. It may therefore be regarded as a 
vast gently undulating plain with a maximum difference 
of level of 10 metres between the ridges and the valleys. 
The general relief is the result of fluvial erosion. 

The texture of the soils is generally determined by the 
relief; clay soils are found on the hillocks or ridges, loams 
on the middle part of the slopes and sandy soils at the 
bottom, an indication of the great influence of river 
flooding and alluvial deposits. 

The climate is temperate and towards the north, on the 
border of Corrientes, becomes subtropical without any 
dry season. 

The Entre Rios forest consisting of tala, fiandubay, 
white quebracho and palms surrounds the grassy pampa 
steppe which occupies all the centre (the delta, as stated 
above, is not included in the survey because of its particu
lar features). 

As regards land utilization, the province may be 
divided into two main areas; the south and centre, which 
are devoted to agriculture with maize, alfalfa, flax, oats, 
wheat, sunflower and citrus, and the north which is 
specially suited to stock-raising and forestry with good 
grazing grounds, as the watercourses and rainfall are 
adequate. 

It should be pointed out, as an important factor affect
ing erosion, that the beginning of autumn is generally a 
season of torrential rains which promote the phenomena 
of washing and scouring. 

Province of Corrientes 
Corrientes may be described topographically as a plain, 

89,000 sq. km. in area, liable to flooding, especially in the 
centre, ;vith large numbers of water meadows, marshlands 
and lakes. The southern part is a continuation of Entre 
Rios, i.e., a gently undulating plain, while the north
eastern portion is a continuation of the .:\1isiones tableland. 

The soils, for the most part alluvial, of fluvial or aeolian 
origin, are sandy in the centre, west and north, with the 
exception of the clay soils which continue those of Entre 
Rios and the red sub-laterite soils associated with the 
Misiones formation, the effects of which can be seen as far 
south as the neighbourhood of the Ibera lagoon. 

The former ariel climate is indicated by the formation of 
sanclhills and sanely areas in the central zone. The present 
climate may be described as temperate in general, with 
moderate and fairly uniform rains. Towards the north the 
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climate is temperate with no winter and there is a gradual 
transition to subtropical without dry season, with high 
temperatures and frequent rains in the extreme north on 
the border of ~1isiones. 

In the centre the typical vegetation is that of Corrientes 
park and in the south that of northern Entre Rfos. 

The land is generally used for agriculture and stock
raising; the principal crops are citrus, maize, cotton, 
tobacco, rice, groundnuts and manioc. 

Territory of Misiones 

The territory, 30,000 sq. km. in area, has peculiar topo
graphy and geological origin which makes it very different 
from the region described above. 

Outcrops of melaphyres show its volcanic origin and the 
presence of alluvial sandstones is an indication of the 
reason for its undulating and in many places steep con
figuration, which in turn explains its red sub-laterite soil, 
red sandstone and black alluvial soil. 

The general relief is undulating with low ranges of hills 
in the centre of the Territory making a watershed with 
many rocky outcrops causing waterfalls and cataracts and 
becoming less undulating towards the River Uruguay. It 
may be described as an undulating tableland. 

The predominating soils are red lateritic clays. There 
are large areas of sandy or red sandy loams and in the 
lower areas, the black clay loams known as fiau. 

Due to the peculiarities of topography and soil and the 
torrential rainfall (between 1,200 and 1,400 mm. a year) 
the soils do not retain rainwater, thereby causing a heavy 
surface run-off. 

The climate is subtropical without dry season; the 
temperatures are moderate and the torrential rains are 
fairly well distributed throughout the year. 

The typical natural vegetation is that of the Misiones 
forest with trees, creepers, lianas and parasites ( Araucaria, 
palo yerba, cedar, guabiyu, lbord, Timb6, etc.). 

The land is utilized for forestry and agriculture; the 
main crops are yerba mate, rice, tung, manioc, tobacco, 
cotton, tea and, to a less extent, maize, flax, oats etc. 

General procedure adopted for the s~trvey of theM esopotamian 
region 

A number of teams of specialists, who methodically 
covered the area, were formed to make the survey. 

Surveys of country districts were made at the same time 
as the agro-ecological survey, in conjunction with the 
Division of Soil Surveys and Appraisal. 4 

The general procedure was as follows: the area was 
covered in accordance with an itinerary previously estab
lished on the basis of studies of the area. Notes were 
made of erosion phenomena, relief, vegetation, land 
utilization, type of farms, climatic conditions, quality and 
depth of topsoil etc.; in other words, all physical features 

• The following members of the Institute staff took part in the 
surveys: Agricultural Engineers Casiano V. Quevedo (Chief), Jose 
M. Cam heros, Antonio J. Prego and Luis A. Tallarico of the 
Division of Soil Conservation and Improvement; Antonio de Paul 
Fantini (Chief), Jose E. Calcagno, Edmundo L Cuomo, Jorge di 
Rocco and Mario R. Rossi, of the Division of Soil Surveys and 
Appraisal. 

needed to provide an accurate picture of erosion in its 
various aspects were noted. 

In classifying the degree of erosion, the method used by 
the Soil Conservation Service of the United States of 
America, adapted to our needs and type of survey, was 
taken as a guide, and the symbols and colours used in the 
erosion maps are the same as those used by that Service. 

One small change has been introduced into the classi
fication of erosion by the use of the word "predominantly"; 
this means that the degree of erosion is that predominat
ing in the area, even if it does not affect the whole of the 
area surveyed in the proportion indicated by the United 
States standard. 

In other words, the degree of erosion has been classified 
on the basis of the depth and type of erosion predominant 
in the area. The legend on the maps therefore merely 
reads "predominantly slight, moderate, severe or very 
severe". Expressed in figures, the meaning of these terms 
is as follows: 

Slight erosion, 5 to 10 per cent of topsoil removed; 
:Y!oderate erosion, 11 to 25 per cent of topsoil removed; 
Severe erosion, 26 to 50 per cent of topsoil removed; 
Acute erosion, Over 50 per cent of topsoil removed. 
Among the factors taken into consideration have been 

the thickness of deposits, also classified according to their 
seriousness. The same remark applies to the erosion 
produced on the banks of streams, rivers etc., although 
its appearance and predominance were taken into ac
count in classifying the degree of erosion. 

Centres of predominantly most severe erosion occur 
sporadically in some areas with very different charac
teristics; this points to specific causes such as proximity to 
main centres of communication where agriculture has 
been most intense. 

A summary of the main causes and effects of erosion in 
the three States, taking this factor into account is given 
below. 

Principal causes of erosion 

Province of Entre Rios. Centres of most acute erosion are 
in the neighbourhood of the towns of Parana, N ogoya, 
Villaguay, Villa Federal, Urdinarrain and Concordia and 
along a large part of the bank of the River Uruguay; they 
coincide with centres of intensive agriculture using easily 
erodible soils (Concordia, bank of the River Uruguay) or 
areas where the undulation of the terrain is more marked 
(Parana, Nogoya, Villaguay). 

In all the areas mentioned, the main cause of erosion 
has been, and still is, the improper use of the soil, which is 
cultivated in defiance of rational rules and with no pre
cautionary measures regarding slope, liability to erosion, 
loss of fertility etc. 

The major centre of erosion is the Concordia area where 
citrus plantations, planted in straight rows up and down 
the slope, the soil being hoed in the direction of the slope, 
are in the process of gradually losing their productivity 
and their topsoil, which has already disappeared in many 
places, ruining other plantations which used to be produc
tive but which are now buried up to a depth of a metre or 
more. 
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From the general topography of Entre Rios described 
above, and its rainfall, it may be deduced that water 
erosion is a constant threat to -the soil and that the mis
management of the soil is the principal cause of the 
continued rapid erosion. 

Province ofCorrientes. The cause of erosion is practical
ly the same; it should be pointed out that because the 
terrain in Corrientes is more level than in Entre Rios and 
agriculture is not so intensive, the effects of erosion have 
not been so marked. It should also be noted that, in 
Entre H.ios and Corrientes alike, the complete absence of 
any flood control makes the problems of erosion more 
acute in areas near streams, rivers and ponds. 

Territory of 111 isiones. Misiones provides a typical 
example of lack of foresight and mismanagement of the 
soil; although the land has only been brought into culti
vation recently, erosion is more advanced than in Entre 
Rios and Corrfentes as a result of its typically undulating 
topography and more abundant rains. With rainfall in 
excess of 1,200 mm., undulating relief and highly erosive 
soils in a great part of the territory, it is easy to predict the 
future if the present practices of clearing by fire and clean 
up and down slope cultivation are continued. 

In Misiones, the disappearance of the forest and plant 
cover has been the principal cause of erosion, since the soil 
is left bare without anything to protect it against the 
torrential rains. 

General aspects of erosion in the three States ,under review 
Entre Rios and Corrientes are being gradually de

mineralized by water sheet erosion; many thousands of 
hectares have almost entirely lost their productive value; 
yields have been substantially reduced and crops have 
been decimated by disease. 

Misiones is losing its topsoil more quickly than the two 
provinces first mentioned, and if the present system of 
agriculture is persisted in the degree of erosion will con
tinue to increase. There are already disastrous examples 
of the abandoning of agriculture in the southern part of 
the territory and of an exodus towards the north, which 
has fewer means of communication and fewer facilities 
and is more remote from major centres of population. 

Recommendations for the three littoral States 
1. A detailed survey should be made of agricultural 

conditions in all zones with a view to the accurate deter
mination of land quality and the recommendation of the 
best form of agriculture. 

2. The use of special agro-technical practices such as 
contour cultivation on slopes of less than 3 per cent and 
drainage or absorption terraces on slopes between 3 and 
15 per cent. Bench terraces should be used on all slopes of 
more than 15 per cent but, in view of the cost of this type 
of terrace and the price of land, it should be restricted to 
land of high agricultural and real estate value. 

3. Fertilizers and crop rotation should be used wherever 
the regeneration or improvement of soils is necessary. 

4. Erosion control should be instituted immediately, 
dealing first with incipient erosion and then with more 
serious erosion. 

5. Watercourses should be controlled and works erected 
as a protection against floods or high waters. 
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6. Soil utilization should be rationalized by advance 
planning in the light of experience gained. 

7. Erosion should be accurately measured. 
8. Forestry exploitation should be strictly regulated. 

Clearance by burning should be prohibited and systematic 
exploitation instituted. 

PROVI~CE OF TUCUi\IAN 

Brief description of region 

The region included in this preliminary erosion survey 
covers only 670,000 hectares of the province of Tucuman;s 
total area of approximately 2,200,000 hectares. 

The survey covers the central part of Tucuman and a 
narrow strip in the west; it is traversed by a large number 
of streams, and much of the region lies in the hilly area to 
the west and north. 

The relief is generally undulating with steep slopes in 
the neighbourhood of the hills which are separated by 
small valleys; the land becomes more level towards the 
south and east. 

The climate of the region is tropical with a dry season 
from May to August. In the sierras, the climate is a 
tropical hill climate with large differences of temperature 
and rainfall between the crests and the valleys; the rain
fall fluctuates in the neighbourhood of 850 mm. a year. 
Natural vegetation in the valleys and on the hills differs 
widely, due to the variations of climate and relief which 
are frequent in the area surveyed; thus there are sierra 
formations with subtropical forest on the eastern slopes 
and Chaco forest and mountain vegetation further to the 
east and south. 

Loam soils predominate, the texture varying from com
pact clay on steep slopes to sandy gravel at the foot of 
hills and near waterways. Generally they may be regarded 
as fertile so long as they are not eroded. 

The principal land-use is agriculture, the main crop 
being sugarcane, followed by tobacco, vegetables, legumes, 
cotton, sunflower, citrus, alfalfa, fodder, cereals and flax. 
Stock-raising, while on quite a large scale, is secondary. 

Procedure 

As this was a simple preliminary survey, the procedure 
was the same as for the littoral zone. 

Causes of erosion 

There are two principal causes of erosion in this pro
vince; first, the cultivation of undulating lands with slope 
varying from I to 35 per cent or more; in most cases 
they are cultivated up and down the slope which is whv 
the most serious erosion coincides with the steepest areas. 

The second cause, which is as important as the first, is 
the lack of control of watercourses which are very numer
ous in the area and frequently flood causing serious agri
cultural damage. 

Effects of erosion 

Predominantly slight erosion . 
Predominantly moderate erosion 
Predominantly severe erosion . . 

Hectares 

267,000 
250,000 

53.000 

The above figures were obtained in the survey. The most 
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s:~rious erosion (predominantly severe) is found in the 
vicinity of Tucuman, which is due to the fact that its soils 
capable of agricultural use have been cultivated to the 
limit using improper methods and without measures of 
c mservation, so that conditions favourable to erosion have 
been created. 

In the rest of the zone, erosion is predominantly moder
ate or slight, with signs of sheet erosion, because the ter
rain is more level and intensive agriculture is practised 
only sporadically. 

Recommendations regarding the use of land 

The same practices and conservation measures re
commended for the littoral have also been recommended 
for the province of Tncnm{m, with even greater stress on 
contour and terrace cropping which are essential in a large 
part of the zone affected by erosion. 

Other necessary measures are the rationalization of 
drainage, and the control of watercourses, combined v•lith 
rr:ethodical forest exploitation and the immediate initia
tion of measures to check incipient or advanced erosion. 

PA:\IPA REGIO~ 

As this survey carried out by the Institute has been 
dealt with in a publication containing full details of the 
work accomplished, the present paper will confine itself 
to some aspects essential to an understanding of its im
portance and scope. 

Description of zone 
This survey covered part of the province of Buenos 

Aires, Cordoba and San Luis, and the Territory of La 
Pampa. 

In classifying the degree of erosion, the terms used by 
the Soil Conservation Service of the United States of 
America were adopted. Natural erosion was considered to 
be the geological by which time acts on soils 
naturally without active intervention of man. Such 
erosion is not readily apparent to untrained observers and 
can only be detected in the course of time. Typical 
examples of this degree of erosion are small dust-storms, 
the gradual and sporadic disappearance of the natural 
cover, small deposits etc. 

Slight erosion was considered to exist when the plant 
cover had disappeared from the greater part of the field 
and deposits were between 5 and 10 em., blovm soil 
amounting to 15 per cent of the total depth of the topsoil. 
Old sand-dunes now fixed, whether naturallyor artificially, 
\V(~re also included in this category. 

Moderate erosion was considered to exist when deposits 
w1·re over lO em. but less than 50 em. and when up to 
25 per cent of the original soil had been blown away. It 
al"o included sand-dunes in which more than 10 per cent 
of the total area was live. 

Severe erosion denoted the formation of sand deposits 
over 50 em. in height, the disappearance of more than 
25 per cent of the original soil, and sand-dunes in which 
more than lO per cent of the area was live. 

Very severe erosion signified the partial destruction of 
th·~ soil and its unfitness for cropping or grazing; the 
di:appearance of more than 50 per cent of the original soil, 

live sand-dunes over 5 em. in height, isolated but very 
frequent deposits etc. 

This survey took several years, including field and 
office work, and resulted in the publication referred to on 
page 20. As this publication is also submitted, the causes, 
effects and measures recommended need only be outlined 
briefly. 

Causes of erosion 

Apart from climatic and soil factors which determine 
the possibility of erosion, the following should be mentioned 
as the main causes which have had a marked influence on 
erosion: 

(1) Improper and injudicious use of the land, which has 
not been utilized for the purposes for which it is best 
suited as a result of the intrinsic qualities of soil and 
climate. 

(2) Division of land into very small holdings, which 
obliged farmers to exploit the soil to the limit for want of 
the essential minimum area. 

(3) The too liberal granting of credits, which led to an 
artificial boom in agriculture, a mistake which is felt to
day when former agricultural lands have to be converted 
back to stock-raising and forestry, with a resulting loss. 

(4) Emergency subsidies or loans granted in connexion 
with agricultural disasters; these have resulted in the 
continuation of injudicious agriculture in areas obviously 
more suitable for stock-raising or forestry. 

General effects 
The figures for the survey were: 

Area I. 
Area II. 
Area III. 
Area IV. 

Predominantly natural erosion. 
Predominantly slight erosion . 
Predominantly moderate erosion. . 
Predominantly very severe erosion . 

Total surveyed 5 • • • • • 

Hectares 
4,027,600 
4.125,800 
7,245,300 
4,591,300 

20,000,000 

5 Soil and Agro-Technical Institute-\Vind erosion in the pampa 
region and a Plan for soil conservation. :VIiscellaneous publication 
No. 303-Ministry of Agriculture-Republic of Argentina-1948. 

In addition to the economic loss represented by the 
enormous quantity of soil permanently lost to agriculture 
and the soils which have lost part of their productive 
capacity, it should be noted that the main effect is the 
general deterioration of the zones affected; not only has 
their productivity declined but, depending on the stage 
reached, they run the risk of being gradually transformed 
into unproductive waste-lands. The inevitable result will 
be a rural exodus if the present system of agriculture is 
continued. 

Believing that the land is a national heritage which 
should be jealously guarded for our own good and that of 
future generations, to whom we are morally bound to 
hand it over intact physically, chemically and biologically, 
the Soil and Agro-Technical Institute is continually calling 
the rural population's attention to the danger of con
tinning the present inadequate or injudicious methods of 
agriculture. 

JYJ easttres recommended to solve the problenz 
The measures considered fall into various categories, 

economic, agro-technical, educational and legal. 
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The economic measures include the regrouping of very 
small units, type of utilization, elimination of share
cropping, reduction of mortgage and collateral loans etc. 

Among the agro-technical measures may be mentioned 
modern systems of cultivation, such as cover cropping, 
the use of mulch, seeding and reseeding of pastures, con
tour cropping, strip-cropping, better use of proper rota
tions etc. 

Erosion control is the essential recommendation without 
which all other measures would be useless. 

Educational measures include, first and foremost, the 
task of making the public conservation-conscious, be
ginning in the primary schools, continuing through every 
level of normal education and ending in the countryside 
where a propitious atmosphere >vill already have been 
created. 

The most important legal measure is the Soil Conser
vation Act, which will give legal authority to the agencies 
responsible for carrying out conservation works, in con
junction with the other legal measures which, as stated in 
the Act, will reinforce it, such as the Rural Leases and 
Share Cropping Act and the Forestry Protection Act 
already approved. 

CONCLUSIONS 

Soil erosion is obviously a constant threat to the agri
cultural lands of the Argentine Republic because of the 
gradual loss of their productive capacity; it is therefore 
necessary to take energetic action to protect the foun
dation of our agricultural heritage, the soil. 

While making recommendations for the improvement 
and protection of land subject to erosion, the Soil and 
Agro-Technical Institute has, within its limited resources, 
initiated a plan of research study and education in the 
practices best suited to the various zones. 

As part of this plan, various demonstrations of contour, 
terrace, strip and cover cropping are being conducted in 
the areas affected by water erosion. 

In the semi-arid region, experiments and research into 
the storage and conservation of water in the soil and 
demonstrations of cover, strip and contour cropping and 
drainage terraces etc. are being undertaken. 

An attempt has also been made by means of publi
cations, lectures, meetings and educational tours to dis
seminate the rudiments of soil conservation which is the 
main hope of agriculture; most important, conservation 
action has been embodied in a draft law-the National 
Soil Conservation Act-which will make possible the 
intensive application of the conservation systems and 
methods which are an inescapable and urgent necessity 
in Argentina. 

Until this law of vital importance to the Argentine 
Republic is passed, it will only be possible to carry out 
simple, long-term plans which are merely weak palliatives, 
since genuine soil conservation requires a vast number of 
factors-trained staff, enormous expenditure and, above 
all, the education of the agrarian population in soil conser
vation which requires education, propaganda, and the 
development of expert staff on a grand scale. 

Biological Soil Research in Relation to Soil Conservation! 

HERBERT FRANZ 

A prerequisite for carrying out comprehensive soH con
servation measures is an accurate knowledge of the soils 
found in nature. We cannot efficiently counteract soil 
destruction until we know the kinds and properties of soil 
existing in a specific area. Good soil maps are an ideal 
means of providing information on the distribution of soil 
types and, if the maps are sufficiently detailed, also on 
soil series. These maps not only show at a glance the 
distribution of the various soils within the mapped area, 
but with the aid of explanatory notes they also provide 
information on the constant characteristics of each kind of 
soil shown on the map. Nevertheless, a soil survey does 
not provide all the particulars necessary for comprehen
sive soil care, because the productive capacity of soil 
under cultivation and the economically most important 
quality of such soil cannot be determined from a soil sur
vey. Although the fertility of the soil of course, con
siderably influenced by certain characteristics of the 
mapped soil types and soil series, it is also dependent upon 
other conditions such as existing supplies of water and 
nutrients and the structure of the upper earth layers. 
These conditions in soils under cultivation may change 

1 Original text: German. 

substantially within a relatively short time under the in
fluence of tillage and use, which can quickly enhance or 
impair the fertility of the soil. 

During the past few decades almost all civilized coun
tries have given increased attention to soil conservation 
with a view to the conservation of fertility. The reason for 
this is that in many instances it has been observed that 
great and even catastrophic soil destruction has resulted 
from such practices as improper tillage, the use of mineral 
fertilizers exclusivelv, one-sided rotation of crops, radical 
drainage and the r~moval of all wind protection when 
clearing land. In recent times soil damage caused by 
man has in many parts of the world become so extensive 
that all available means must be used in order to conserve 
the fertility of the soil and save the topsoil. Inasmuch as 
the most important consideration is the preservation of 
soil properties that are subject to change within a short 
time, it is clear that particulars on the soil conservation 
measures to be used must be sought not only from the soil 
survey but also from a comprehensive investigation of the 
present condition of the soiL Particulars are given below 
of a new method of soil research that may in the future 
play an important role as a basis for soil care. 
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BIOLOGICAL SOIL RESEARCH 

Biological research has made significant progress during 
the past few decades in the investigation of life in the soil. 
It has been shown that synthetical processes in the soil 
are not exclusively the result of physical and chemical 
forces but are also attributable in large measure to the 
activity of organisms. Small animals, particularly earth
worms, are constantly renewing the process of loosening, 
intermixing and aerating the soil, and in this manner 
greatly contribute to the formation and maintenance of a 
loose soil structure. On the surface of the individual soil 
particles plant microbes form more or less cohesive turf, 
and this strengthens the cohesion of the individual soil 
particles and prevents silting caused by destruction of the 
soil structure through rainfall. Small underground animals 
consume vegetable waste products, such as leaves, roots 
and parts of trunks, which they thereby pulverize, and 
they also convert the undigested remnants into humus. 
In this digestive process, and especially in the case of the 
earthworm, the organic residues are thoroughly mixed 
with fine mineral components (clay), and in this manner 
clay humus complexes of high constancy are produced. 
These clay humus complexes are closely connected with 
a number of important qualities in fertile soil. Bacteria 
and fungi also materially influence the process of humifi
cation, inasmuch as they are responsible for starting and 
assisting the further course of decay in organic waste 
matter. The formation of high-grade humus is always the 
result of the decomposing activity of microbe and animal 
organisms; where this activity is not present or is not 
intense enough, undecomposed residues accumulate on 
the surface of the ground, and this results in a progressive 
deterioration of soil conditions. Furthermore, through 
respiration and the decomposition of the organic residues 
to the final stages of decay, large quantities of carbon 
dioxide are formed, which escape from the ground in the 
form of gas and acts as a source of carbon that is very 
important in the metabolism of higher plant life. The fact 
that the nitrogen supply of green plants is also greatly 
influenced by nitrogen-combining, nitrifying and denitri
fying bacteria has long been known and is mentioned here 
only for the sake of completeness. 

To sum up all the contributions of organisms it may be 
said that important properties of fertile soils are the direct 
result of animal life in the soil and that these properties 
indirectly affect the physical and chemical characteristics 
of the soil in a favourable sense. The connexion between 
the intensity of life in the soil and the fertility of the soil is 
so intimate that the density of living organisms in the soil 
can, having due regard to the site and the season of the 
year, provide a reliable guide to the productive capacity 
of the soil. We have already made over one thousand 
biological investigations of soil in Austria and have always 
found confirmation of the fact that the density of organic 
life rises and falls in direct proportion to the fertility of the 
soil. 

This, however, proves to be true only in cases where the 
sampling is done properly. Inasmuch as the organisms are 
not uniformly distributed at various levels in the soil
being most numerous nearest the surface and less in 
evidence lower down-exact comparisons can be made 
only with reference to the same layers. Since, in addition, 

there are also local variations in the amount of terricolous 
life on the same horizon, a large number of samples must 
always be taken from each layer studied if an average 
figure is to be obtained. 

The productivity of the soil is much affected by the 
qualitative as well as by the quantitative composition of 
the community of organisms. In fertile ground there is 
always a remarkable balance in the ratios between the 
individual groups of living organisms. In such ground, 
therefore, there is never a one-sided, mass increase of any 
one species or group; whenever this does occur, it is al
ways a sure sign that the natural balance has been disrupt
ed with a consequent damage to the soil. 

FERTILITY OF THE SOIL LARGELY DEPENDENT 

ON BIOLOGICAL FACTORS 

Although we have mentioned only a few of the results 
of biological soil research during recent years, the par
ticulars related make it sufficiently clear that fertility of 
the soil is in large measure dependent upon biological 
factors. For many years this fact has been given too little 
attention not only by scientists but also in agricultural 
and forestry practice, and this is one of the principal 
reasons for the set-backs suffered in practical soil care in 
recent years. If we wish to conserve, and where possible 
even to increase, the fertility of our soils under cultivation, 
we must take steps to put an end to this neglect. To ac
complish this purpose two things must be done. Firstly, 
we must find out what soils now have biological deficien
cies and must discover the reasons for these deficiencies. 
We must then employ proper methods of soil care and soil 
improvement with a view to remedying the damage done 
and restoring the soil to its original productivity. 

The ordinary methods of research hitherto in use cannot 
give a true picture of biological soil deficiencies and must 
make way for procedures that are more properly bio
logical. These procedures should be in the form of series 
of biological investigations, which can only be carried out 
if the extremely difficult and time consuming complete 
biological analyses can be simplified as much as possible. 
We have spent years on such simplification at the Federal 
Institute of Alpine Agriculture at Admont and have now 
developed relatively simple methods that are suitable for 
practical purposes. As a result of the balance existing 
among all forms of underground life, we have found that 
in most cases a clear picture of the biological state of the 
soil can be obtained by comparatively simple research 
methods which consist in ascertaining the population 
density, or the number of individuals per unit of area, 
among a small number of organism groups. When we use 
the series of analyses method, we ascertain the population 
density among certain groups of underground animals 
(Nematodes, Enchytraeidae, Lumbricidae, Acari, Col
lemboles and other Arthropoda) by the selection of mixed 
samples of a specific volume with the aid of automats for 
selection. This is done separately for the upper ground 
level to a depth of 4 em. and for the level between 10 em. 
and 14 em. under the surface and, where necessary, also 
for the level between 16 em. and 20 em. It is true that in 
using automatic selection apparatus only a portion of the 
soil-dwelling individuals in a particular animal group is 
included, but relatively comparable values are obtained 
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that are extensively reproducible. The application of this 
simplified procedure in practical research has time and 
again produced surprising data on the biological condition 
of the soil. Not only may biological soil deficiencies be 
clearly recognized in this manner, but in many cases a 
consideration of other soil and site characteristics and an 
examination of previous soil care and soil use may also 
explain the reasons for the soil deficiencies observed. Bio
logical analysis also serves other purposes. It also makes 
it comparatively easy to determine the after-effect of soil
care measures on terricolous life. The organisms in the soil 
react to any improvement in their living conditions 
resulting from improved soil by immediately increasing 
their numbers per surface unit, and they thus in every 
case very quickly show the real results of soil care. The 
duration of the results achieved may likewise be easily 
tested by making biological analyses of soil samples taken 
at certain intervals from the same place in order to ascer
tain whether the increased intensity of the soil life conti
nues to exist or has again decreased. 

A LOOK AT THE EFFECTS OF SOIL-CARE MEASURES 

\Ve have thus been able over the course of years to ob
serve the after-effects of a series of soil-care measures. It 
has been shown that each time the soil is tilled there is at 
first a reduction in the density of organic life in the tilled 
ground, but that subsequently there is a new increase in 
the number of organisms if artificial loosening and inter
mixing has been properly carried out. It has been de
monstrated further that excessively deep ploughing, 
which buries the intensively active surface soil under the 
sparsely populated layers of the subsoil, is biologically 
very harmful to the soil. In like manner, excessively wet 
ploughing, which destroys the loose structure of the sub
stratum by making it too sticky and causing many of the 
micro-organisms to cling thereto and die, also affects life 
in the soil very unfavourably. Fertilizing with well-rotted 
organic manure promotes soil life, whereas the use of fresh 
animal manure may be very harmful. The reason for this 
seems to be that fresh manure is decomposed chiefly by 
organisms that are foreign to the soil, and this drives the 
soil fauna away from the manured surfaces until the sub
stance of the manure has in large measure become part of 
the soil. As has been shown, mineral fertilizer does not act 
directly on the density of organic life but operates in
directly through the vegetation. A more vigorous develop
ment of plants provided with sufficient nutrient elements 
leads to a stronger root development, which results not on
ly in an increase of organic food reserves for the soil or
ganisms but also in a greater stability of structure of the 
uppermost soil layers owing to the greater density of roots 
therein. The soils of permanent meadows and permanent 
pastures always have a looser structure (greater porosity), 
a higher content of organic substance and a greater density 
of organic life than comparable arable land and are thus in 
a biological sense clearly superior to such land. It is for 
this reason that the results are almost always unsatis
factory when areas of permanent grassland are improved 
by turning under re-sowing after having been used as 
arable land in the interim. Much of the minute animal 
life is destroyed by the very act of turning under the grass, 
and a further reduction in the activities of soil organisms 
results from destruction of the soil structure peculiar to 

grasslands and from the rapid disappearance of the root 
network of the grass by reason of decomposition. During 
the period when the land is under cultivation, the reduced 
level of organic life is to a certain extent compensated for 
by artificial tillage and fertilizing, but as soon as grass is 
again planted these artificial means of tillage cease and it 
then becomes evident that the reduced number of micro
organisms is no longer able to effect natural intermixing 
and loosening of the earth to the extent required. As the 
young grass still has gaps of varying size and only gradual
ly spreads its roots through the soil, it is able to give little 
protection against silting. This causes the soil more and 
more to lose its loose structure, and this in tum further 
harms soil life and ultimately also plant development. 
Hence it happens that newly seeded permanent meadows 
and pastures have a high initial production that is usually 
followed by a period of three to four years of reduced 
production, which is well known in literature on the sub
ject as the "years of hunger". Abundant fertilizing and 
careful, proper use, which must often be continued for 
years, are necessary in order to counteract this drop in the 
quality and productivity of the soil and to restore the 
soils of good permanent meadows and pastures to their 
former production levels. Biological soil analysis has not 
only provided an explanation of the phenomena just 
mentioned but also makes it possible to follow their 
chronological development at all times. In similar man
ner, biological soil research makes it possible to evaluate 
the results of drainage and irrigation measures and to as
certain the effects on forest soil of land clearing and arti
ficial stand changes. Biological soil research also makes it 
possible to follow the destructive effect of wind and water 
erosion on the soil at the various stages of progress and 
also throws light on the process of biological synthesis, 
which takes place in progressive soil improvement. 

COC'ICLUSIOC'I 

In all the cases mentioned, biological phenomena clear
ly reflect the effect on the soil of certain artificial care and 
lise measures. They show whether the productivity of the 
soil has been increased or decreased by the measures 
undertaken, and thus represent a valuable aid in pro
grammes for soil improvement. For this reason we intend 
to make greater use of biological soil analysis in Austria as 
an aid to planned soil improvement. This will not be 
undertaken as series of analvses, as is the case in deter
mining the content of mine;al nutrients and pH values, 
but will be in the form of individual investigations. Bio
logical analyses will be carried out wherever it is necessary 
to remove soil deficiencies, the causes of which cannot be 
determined by means of the research methods employed 
up to the present time. In cases such as these the new 
methods have been of great value. They make it possible 
not only to detect existing biological soil deficiencies im
mediately but also in most cases to ascertain the causes of 
such deficiencies when consideration is given to soil pro
file, vegetation, site conditions and previous use. They 
further make it possible to test the short-term biological 
effect of improvement measures with the aid of samples 
taken before and after such measures are given effect, and 
finally, by means of control analyses made at specific 
intervals, the permanency of the results obtained may al
so be checked. 
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These contributions are of incalculable and inestimable 
value in any programme of soil improvement, but they 
do not in any sense represent the ultimate limit of ap
plicability of biological research methods, which at 
present are in a stage of expansion. 

Biological soil research is a new science that is still on 

the threshold of development and still faces many un
answered questions. Its contributions up to the present 
time, however, show that it has an important part to play 
in soil conservation efforts, and for this reason it should be 
given all possible assistance in order to make these efforts 
more successful in the future. 

Soil Research in Relation to Soil Conservation 

C. H. EDELMAN 

ABSTRACT 

In this paper the topics of soil research, which are of prime interest in soil conservation, are mentioned. The most 
important problems in soil physics are the permeability of the soil profile and the structure of the soil. In soil chemistry 
the humus problems are the most important. Soil biologists should study the relation of soil deterioration and soil 
regeneration to the soil flora and fauna. 

INTRODUCTIOX 

Research is not the first point on a programme for the 
development of soil conservation. The main principles of 
soil conservation are well known and a general application 
of sound working methods, which have already been at 
our disposal for a long time, would materially change the 
face of the earth, and check soil erosion. 

Nevertheless, research is absolutely necessary in con
nexion with soil conservation, for research may be able to 
enhance greatly the efficiency of the working methods of 
soil conservation and especially to facilitate adaptation of 
these methods to the great variety of natural conditions. 
In this manner it will be possible to lower the costs of soil 
conservation. 

One aspect of the research concerns the soil itself, an
other touches upon the technical and agricultural working 
methods. The latter group of problems is not discussed 
here. Soil survey in relation to conservation is discussed 
in another paper. 

SOIL PHYSICS 

The erodibility of soils is very closely connected with 
their physical properties. The permeability of soils, 
viewed from the whole soil profile, determines for a great 
part the capacity of soils to take up rain-water. The 
structure of the surface soil is of very great importance 
for the erodibility of the soil, both as regards water and 
wind. 

On both these points much fundamental research work 
will still have to be carried out. The problem of soil struc
ture and its stability under different circumstances has 
m•t yet been sufficiently understood. One of the difficul
tit!S in this connexion is that the measuring of these 
properties still encounters serious impediments. 

The raindrop experiments by Ellison (1)1 and Van 
Schuylenborgh (2) have already produced remarkable 
results, which justify the expectation that in this domain 
important progress will be made. These results will have to 
be transferred to any soil in its natural situation, in order 

' X umbers within parentheses refer to items in the bibliography. 

to be able to measure the erodibility of the soil in this 
manner, which will be of paramount importance when 
framing a plan of soil conservation in an economical way. 

SOIL CHEMISTRY 

The most difficult problem of soil chemistry, humus 
chemistry, is at the same time the most important soil
chemical.problem that is connected with soil conservation. 
If we understand by soil conservation not only erosion 
control, but also preservation of soil fertility in general, 
the humus problem becomes pre-eminently the problem 
of soil conservation. 

While a great deal of research has already been carried 
out as regards the organic matter of the soil, science is by 
no means yet master of the humus problem, and it is 
absolutely necessary that a great deal of attention should 
be paid to the research of humus, its stability and its 
replenishment in the soil. So very much depends upon it 
that the application of every possible means seems justi
fied for the attainment of this end. 

Though organic manuring is based upon age-old ex
perience, the extent to which it can be dispensed with in a 
certain soil in the long run, is a very difficult question to 
answer. This problem, which is of great moment for soil 
conservation, still requires much research. The close con
nexion between the humus problem and the structure 
problem will be clear to any experienced investigator and 
therefore this matter will not be discussed further here. 

Compared with the difficult humus problem, that of the 
mineral nutritive elements is comparatively simple. Much 
more is known about this problem and research has 
already been well applied and thoroughly practised. 

It is true that chemical knowledge of the soils in areas 
having a temperate climate is much more advanced than 
in areas of tropical zones though it can be said that in the 
Netherlands East Indies (3) very good results have been 
obtained. 

SOIL BIOLOGY 

A fertile soil is characterized by a large number of soil 
organisms which form an integral part of the soil. When 
a soil loses its fertility, the soil fauna and flora, too, must 

163 



UNSCCUR PROCEEDINGS: LAND RESOURCES 

degenerate. Little is known about this process, though it 
is of the greatest importance for a clear understanding of 
the decline of soil fertility. Regeneration of the soil must 
also be attended with a total change of the composition of 
the edaphon. About this, too, much more should be 
kno¥m. 

CONCLUSIO"!Sf 

In the above discussion only a few of the many problems 
of fundamental importance also requiring much research 
have been dealt with. The exposition is not intended as a 
scheme for a research programme for a soil conservation 
service. But the examples given may serve as an illustra
tion that pedology is still faced with important unsolved 

Research and Soi I Conservation 

F. L. DULEY 

problems, ~ith which soil conservation is very closely 
connected. Pedologists should be enabled to study and 
solve these problems and others as well as possible. 

Soil conservation should not be content to remain in the 
empiric stage, even though knowledge at this moment is 
already sufficient to make a successful start of soil conser
vation. 
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ABSTRACT 

Research on soil conservation has shown that density of crop cover, if synchronized with torrential rains, is one 
of the most important factors in governing the amount of run-off and erosion. Dead crop residue also has a very marked 
effect on intake of water and erosion by either water or wind. A new system of "stubble-mulch" farming is based on 
use of crop residue for protecting the soil. Implements called "subsurface tillers" are used for pulverizing soil beneath 
crop residue without burying it. The stubble-mulch system seems to be best adapted to relatively dry and warm 
climates. When used with legumes to increase available nitrogen, crop yields have been approximately the same as 
where land is ploughed. 

In improving badly eroded soils, stubble-mulching to reduce erosion should be used in connexion with legumes 
to supply nitrogen. Fertilizers should be used where needed. If these methods are combined with other conservation 
practices such as terracing, contour farming, and proper cropping systems, much can be done to conserve the productive 
capacity of the soils of the world. 

The pressure of population on the productive capacity 
of our land is increasing. The idea of a high standard of 
living is gradually permeating to the remotest corners of 
the earth. If this ideal is to be attained, existing know
ledge must be utilized to the utmost and new information 
on soil conservation must be obtained by systematic and 
thoroughgoing research. The results of this research must 
be used to improve the methods of practical farmers every
where. 

Research on certain phases of soil conservation was 
started in the latter part of the nineteenth century. 
During the first part of the twentieth century, an enor
mous amount of research has contributed directly or in
directly to soil conservation. l{esearch on soil fertility 
problems, improvement of field crops, methods of insect 
and disease control, improvements in farm machinery, as 
well as improvements in livestock have had a tremendous 
total effect on methods of soil conservation. In early soils 
experiments in America as in Europe, the major attention 
was given to keeping the soil productive, but only a limited 
amount of effort was directed toward keeping the soil in 
place. 

The removal of the mantle of surface soil material 
stimulated research in the United States on the extent of 
these losses and methods of reducing them. 

1 Numb\'rS within parentheses refer to items in the bibliography. 

MEASUREMENTS OF RUN-OFF AND EROSION 

In 1916 work was started at the University of Missouri 
(5) 1 for measuring run-off and erosion from different tillage 
and cropping systems. The results published after six 
years showed that bare, uncropped soil lost about one
third more water by run-off and over twice as much soil 
by erosion as land in corn continually. \Vheat land lost 
only about one-third as much soil as corn land, but three 
times as much as a corn, wheat, clover rotation. Bluegrass 
sod lost extremely low amounts of water and less than 
one-twentieth as much soil as wheat land. 

These Missouri experiments were followed by extensive 
research on soil conservation methods in other parts of the 
United States and in many countries of the world. Recog
nition by Congress of the nationwide ravages of soil 
erosion resulted in the establishment of Federal erosion 
experiment stations about 1929, and later to the establish
ment of the Soil Conservation Service including its Re
search Division. The results of all this research have 
emphasized the value of protecting the soil surface. 

BIOLOGICAL CONTROLS 

J\fuch attention has been given to research on biological 
methods of controlling run-off and erosion. These have 
included the use of growing vegetative cover, the use of 
dead crop residue, and the effects of the micro and macro 
flora and fauna of the soil. 

164 



SOIL SURVEY AND RESEARCH IN RELATION TO SOIL CONSERVATION DULEY 

One of the points emphasized by all of these results is 
the.large amount of run-off and erosion occurring on bare 
cultivated soil as compared with land covered with dense 
vegetation. 

An average of results (1) obtained on thirteen soils in 
different parts of the United States showed that clean 
tilled land lost over six times as much water by run-off and 
ninety-six times as much soil by erosion as did soil with 
dense vegetative cover. 

Research has been done on the value of physical methods 
such as terracing and contouring, or other means of im
pounding water on hillsides or reducing the rate of run
off. These physical methods have been of much value, but 
must not be considered complete in themselves. They 
have been studied largely with a view to fitting them into 
their proper place along with the broader use of biological 
controls. 

ROTATIO N OF CROPS 

Rotation of crops, which has been an effective method 
of control in most tests, is not necessarily a cure for erosion 
or excessive run-off. The effectiveness of a rotation de
pends upon the crops used and the amount of time it 
maintains a dense growth of vegetation or residue cover 
on the ground, and also upon how well this protection is 
synchronized with torrential rains. Strip-cropping, or 
growing the various crops of the rotation in alternate 
strips across hillsides to reduce erosion has become an 
established practice in certain areas. In other places the 
disadvantages of the method as a farm practice have 
retarded its adoption. 

INTAKE OF WATE R BY SOILS 

Conservation of water is closely associated with soil 
conservation. Considerable research has been done on 
factors which affect the rate and amount of water entering 
a soil from rainfall and also the amount that may be 
stored in the soil. 

Studies by different men (4, 10, 12, 13) have shown that 
as raindrops strike a bare soil the soil structure particles 
are broken, and a thin, compact layer is formed at the sur
face. This seals over the soil and does not permit rapid 
penetration of water. In order to keep a soil in condition 
to absorb water rapidly, it is necessary to prevent the for
mation of this compact layer. This can be done practically 
by keeping the surface of the soil protected with a growing 
crop or with crop residue in such a way that the raindrops 
do not strike the soil directly. 

EFFECT OF PROTECTION ON E ROSION 

Duley and Russel (6, 9) have measured run-off and 
erosion on field plots with different types and amounts of 
residue. In a corn, oats, wheat rotation, ploughed land has 
lost 2.5 times as much run-off and 4. 7 times as much soil 
by erosion as land where the residue from the previous 
crop has been left on the surface. 

Many other investigators have shown that dead plant 
cover on the surface greatly reduces both run-off and 
erosion as compared with ploughed land where the residue 
is buried and the surface of the soil left bare. 
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WI:-<D EROSION 

No method has been devised that is entirely satisfactory 
for determining the amount of soil lost from land by wind 
erosion. However, treatments have been developed for 
reducing this type of soil erosion and the crop damage 
that accompanies it. It was shown in Kansas about 1912 
that by greatly roughening the soil surface with tillage im
plements, even in winter wheat fields, soil drifting could 
be stopped temporarily. These treatments have come to 
be considered as emergency treatments. For sustained 
and timely control of wind erosion, more reliance must be 
placed upon agronomic methods which should be insti
gated in advance. If a reasonable amount of growing crop 

Figure l. Photomicrograph showing one-half inch vertical 
section o f soil on which rain has fallen . Note thin compact 
layer a t top which reduces the rate at which water will enter the 
soil . Vegetation or residue on the surface prevents compact 

layer from forming and thus increases intake. 
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can be provided on the land at the time there is greatest 
danger of soil blowing, little movement of soil will take 
place. In lieu of a growing crop, the stubble and residue 
from a previous crop may be maintained on the surface to 
reduce soil movement. This method has become so well 
established as a practical means of wind erosion control in 
the low rainfall areas of the United States (2) and Canada 
(11) that there seems no question as to its reliability, even 
though absolutely accurate measurements of soil losses 
have not been obtained. The economic value of thus 
protecting the soil as well as the crop must be expressed in 
millions of dollars. 

By means of a wind tunnel, J oy (17) showed that the 
soil removed as dust from land where wheat residue was 
one-way disked and partly buried was 22 per cent greater, 
and ploughed land 34 per cent greater, than where the 
straw was left on the surface before corn. 

STUBBLE-MULCH FAR;>UNG 

In the foregoing paragraphs it has been pointed out 
how crop residue may be used for protection against ex
cessive run-off and erosion by either water or wind. 

Duley and Russel (6) began research on this problem in 
1938. F rom this research (7), along with work done in 
Canada, has been developed a new method of soil conser
vation wherein the stubble and other crop residue is used 
for protecting the soil. This practice has come to be called 
"stubble-mulch farming". 

Figure 2. W heat field being tilled with a subsurface tiller. 

ration, planting and cultivation of row crops have been 
fairly well developed. _ 

Grass and legume seedings having stubble-mulch pro
tection are in much less danger of being damaged by 
erosion while the plants are getting started sufficiently to 
protect the soil. 

The yields of crops grown under crop residue have 
varied widely with soil moisture conditions, but in general 
have been about equal to yields resulting from ploughing. 

Figure 3. A heavy type of subsurface tiller. This machine is 
widely used in Canada and parts of northern United States. 

Dry and warm seasons or climates tend to favour the 
stubble-mulch system as compared with ploughing. Wet 
seasons or wet , cool climates tend to favour ploughing, 
largely because of reduced nitrate production with residue 
under these conditions. These things have resulted in the 
adoption of stubble-mulching more widely in the drier or 
warmer sections of the country and to a lesser extent in 
the more humid and cooler sections. McCalla and Russel 
(14) have shown that stubble-mulching reduces nitrate 
nitrogen slightly as compared with ploughing. The system 
gives best crop yields when used in connexion with ro
tations including legume crops which provide large 
amounts of nitrifiable material. The system is also adapted 
to use with summer fallowing, which allows time for 
moisture and nitrates to accumulate. 

SPREAD OF STUBBLE-MULCH PRACTICE 

The t illage does not bury much of the residue. Although stubble-mulching as a farming practice has 
been used only a few years, Bennett (2) report s it as al-

New types of tools have been employed for pulverizing ready the most widespread conservation practice, outside 
the soil without bury ing the residue. If the soil could be of growing vegetative protection. In 1948 this system was 
inverted, as in ploughing, without burying the residue, it used on approximately 21 million acres of land in the 
would be desirable. Implements that will work through United States. This is a gain over the previous year of 
and beneath crop residue without clogging and yet pulver- 6 million acres, or 40 per cent. The rapid spread of stubble
ize the soil are called " subsurface tillers". Several types of mulch farming attests to the effectiveness and economy of 
these tillers have been developed. Planters, drills, t readers the practice. If applied over a still wider area, particularly 
and cultivators designed for working through residue on in the Great Plains and Pacific North-west, the danger of 
the surface are now available. another " dust be>wl" can be greatly reduced. If used in 

Methods have been devised for growing most of the the South, along with other fertility and conservation 
common crops by this stubble-mulch system. Small grains practices, the serious depletion of the soils of that area by 
are most readily grown by this new system, because of the erosion may be gradually retarded. Interest in the idea, 
simplicity with which the seedbed can be prepared and together with some success and expansion of the practice, 
planted. Equipment and methods for seedbed prepa- has been reported from a number of other countries. 
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Figure 4. A "treader" used in weed eradication after land has 
been subtilled. ·when the lines of wheels are set at opposing 
angles it is called a " skew treader" . It may also be used for the 

first cultivation of r ow crops. 

D1PROVEI\IEXT OF BADLY ERODE D SOILS 

Experiments at a number of stations in the humid 
sections (3, 15, 16) of the United States have shown that 
by proper soil treatments many severely eroded soils can 
be made to produce fair yields of crops. In some cases the 
yields may be equal t o the yields from moderately eroded 
untreated land, but not as high as from the same good 
treatment on the moderately eroded soil. It is undoubted
ly more economical practice to prevent erosion than to 
increase productiveness by costly soil treatments after 
erosion has taken place. Some soils erode down to material 
that does not respond readily to soil treatments. 

Recent work in Nebraska (8) has shown how badly
eroded soils in the limited rainfall areas of the central 
Great P lains may be rejuvenated. Two fundamental 
points have been observed in treating eroded soils: (a) 
stop further erosion, (b) provide plant food materials 
adequate for producing abundant crops. In this work 
legumes have been grown as a first step. The legume, 
which in this case was sweet clover, after being seeded by 
stubble-mulch methods, covers the soil and protects the 
land from erosion while it is growing. The residue of the 
sweet clover is left on the land to protect the soil while the 
next crop of grass or small grain is getting started. Simul
taneously, the soil is provided with an abundant supply 
of nitrate nitrogen which stimulates the growth of the next 
crop. This land is well supplied with the other fertility 
elements, but on land where these elements are lacking, 
they would need to be applied for best growth of the le
gume and for the following crop. The depleted soils of the 
world are practically all deficient in nitrogen, and this 
element must be supplied by growing legumes or through 
the use of fertilizers if any improvement in exhausted soils 
is to be expected . 

The use of growing vegetative cover and crop residues 
must be combined and co-ordinated with physical and 
d1emical methods into a unified system for providing fer
tijty elements and for the control of run-off, and erosion 
by water or wind. When these things are accomplished to 
the degree indicated by recent research as practical and 
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Figure 5. A row-crop p lanter designed to operate through 
hea vy residue and p lant the seed in furrows, leaving t he 

residue between the rows. 

economical, the greatest step of modern times will have 
been made toward preserving the productive capacity of 
the soils of the world. 
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Summary of Discussion 
The CHAIR:\IAN opened the discussion on the two aspects 

of soil conservation to be considered: soil surveys and 
soil research. 

Mr. KELLOGG introduced his paper on "Soil Survey in 
Relation to Soil Conservation" and stressed what he con
sidered to be the most important factors to be taken into 
account in undertaking soil surveys. 

In the practical application of any soil conservation 
programme, attention must be given to its primary objec
tive: achievement of optimum sustained production. 
Consequently, a useful soil survey must fully take into 
account all factors influencing crop adaptability and how 
small units of operation such as farms or plantations 
responded to management. Recommendations and pre
dictions must be based on local soil types, recognizable by 
the farmer or adviser with the help of the detailed soil 
map. Such detailed studies could only be made by pro
perly trained scientists. 

Mr. Kellogg then outlined the five following funda
mental steps in making a soil survey in a new or under
developed area : 

(1) Compilation of an approximate schematic soil
association map of the region from existing data on soils 
and the principal soil-forming factors of the environment. 
Aerial photographs might prove helpful provided every 
pattern they revealed was carefully examined on the 
ground. 

(2) Detailed soil survey of representative sample areas 
within each soil association bringing out clearly and accu
rately all significant features and the pattern of local soil 
types. The field work should preferably be plotted on 
good aerial photographs and full laboratory facilities 
should be available. 

For each sample area, a soil key should be developed 
showing how the local soil types and phases might be 
recognized by agricultural advisers. With each mapping 
unit defined, a high degree of accuracy could be achieved 
in developing predictions indicating adapted crops, yields 
and the effects of alternative management systems on 
long-term productivity. 

(3) A second approximation of the schematic soil
association map with revision of boundaries as required 
and full definition of the proportion and pattern of detailed 
soil types in it. On that basis, a full set of predictions 
could be made regarding crop adaptability, land use and 
soil treatment. The map could then be published. 

( 4) Field demonstrations or instruction could be given 
on the site of each sample area in order to train the agri
cultural advisers to identify the soils in the unsurveyed 
parts of their districts. 

(5) Continuation of progressive detailed soil surveys by 
larger areas in accordance with agricultural potentialities, 
recognized local needs and plans for agricultural pro
grammes of settlement and investment. 

Mr. Kellogg emphasized that the five steps he had out
lined would make available within a very short time a 
good basic map for appraising the resources of a given 

region and orienting more detailed research and invest
ment plans. He also stressed the fact that a soil survey 
must be scientific if it was to be of real practical use. If the 
basic survey was scientifically sound, the soil types and 
phases could be reinterpreted and regrouped with chang
ing conditions. A proper scientific classification and soil
association map could serve any type or level of manage
ment and be used as a basis for accurate predictions and 
recommendations in any given area. 

In conclusion, Mr. Kellogg laid considerable stress on 
the need for increased international co-operation in soil 
classification. He hoped that urgency would be recognized 
at the Fourth International Congress of Soil Science to be 
held in Amsterdam in 1950. The results of soil research in 
various countries should be made known internationally. 
There was also a critical shortage of properly trained soil 
scientists who had some knowledge of the other contri
buting natural and social sciences, of the correlation be
tween agricultural development and other resource uses, 
and of the application of soil surveys to areas where 
specific conditions obtained. 

Mr. LEAHEY, in presenting his paper on "Soil Survey in 
Relation to Land Use and Soil Conservation in Canada" 
emphasized that soil survey information must be readily 
available to agricultural advisers and other qualified 
workers. The increased demand for information in Canada 
had led to the development of an extensive organization, 
and survey data were also being used for such purposes as 
readjustment in the use of land, the determination of 
suitable soils for irrigation and inventories of soil 
resources. 

In the absence of its author, Mr. RA..ESIDE introduced 
Mr. L. I. Grange's paper on "Soil Survey in Relation to 
Soil Conservation". Mr. Grange had summarized the 
steps taken in New Zealand in carrying out two soil 
erosion surveys to be used as a basis for an effective con
servation programme. Since the lands in question were 
mostly grass-covered hill-lands used for sheep-grazing, the 
surveys were of a more general nature than those required 
for intensively cultivated agricultural land. They would 
serve as a basis for detailed soil erosion maps for use in 
studying erosion and its contributory elements. 

Sir William OGG presented Mr. A. Muir's paper dealing 
with "Soil Surveys in Relation to Soil Productivity". He 
reviewed the facts outlined by Mr. Muir relating to the 
history of soil surveys in England and Scotland and the 
methods of classification used. 

The CHAIRMAN then opened the discussion on the various 
papers dealing with soil surveys in relation to soil con
servation. 

Mr. C. H. EDELMAN, referring to the table in Mr. Kel
logg's paper did not consider the cost of soil surveys high. 
He found it useful, especially when initiating a soil survey 
programme, to relate it to the immediate practical ob
jectives visualized by government or privately directed 
agencies. 

He stressed the importance of instructing young scien-
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tists who were being trained for soil survey work in the 
specific applications of soil maps. Such instruction would 
make the subject more attractive and give them a sense of 
responsibility. 

Mr. KELLOGG again emphasized that soil scientists 
should be thoroughly grounded in other natural sciences 
and their application to soil surveys. A good soil scientist 
should have good training in soil chemistry, geology and 
related fields in order to enable him to correlate all his 
information in making a scientifically sound soil map. 

Mr. REIFE~BERG considered aerial surveys a most im
portant factor for soil classification purposes. A careful 
examination of aerial photographs would make it possible 
to group soils on a regional basis in accordance with the 
common characteristics revealed. Aerial surveys were 
especially useful in under-developed countries and inter
national exchanges of information and techniques in that 
field would prove extremely valuable. There was a definite 
need for a guidebook on the interpretation of soil features 
revealed by aerial photographs. The Congress of Soil 
Scientists to be convened in Amsterdam in 1950 might 
well discuss the preparation of such a publication. Mr. 
Reifenberg would welcome any information which dele
gates could offer regarding publications on the subject 
issued during the previous two years. 

Mr. STORIE explained the method he used in his course 
on soil surveys in the University of California. He stressed 
ten characteristics of soil which were listed on a soil 
inventory chart, among them, depth, texture, slope, toxic 
condition and erosion. The soil inventory sheet was a 
standard form which had proved very useful not only in 
training soil scientists, but also to specialists in the use of 
land, land appraisers and assessors, and irrigation engi
neers. The data was thus made readily available for 
interpretation, as Mr. Leahey had suggested. The Uni
versity would gladly furnish copies of the inventory sheet 
upon request. 

Mr. E. A. HARDY fully supported the procedure out
lined by Mr. Kellogg. He recalled that before soil surveys 
had been initiated in Canada, the agricultural machinery 
used had not been suited to the fundamental dryland 
culture practised. Since the institution of soil survey and 
research programmes, tillage machinery and soil culture 
practices had been well adapted to the type of agriculture. 

Mr. BLACK considered the first two steps of Mr. Kel
logg's plan indispensable in planning land use in a given 
area. They provided for the preparation of a general 
schematic map, followed by a detailed analysis of sample 
areas. On that basis, a properly trained soil scientist could 
proceed to work out a good basic map and programme. 

Referring to Mr. Grange's paper, Mr. Black asked 
whether a scientific or significant classification of soils 
could be made on the basis of the amount of topsoil lost in 
erosion. 

Mr. KELLOGG pointed out that no single soil charac
teristic, whether texture or depth or slope, had any signi
ficance taken independently. Consequently a map show
ing only depth of topsoil was not useful in developing a set 
of predictions. However, when studied in conjunction 

with other characteristics, it might prove very significant. 
In some cases, when twelve inches of topsoil had been 
eroded, the land was no longer suitable for crops and 
could yield only grasses or trees. Yet in other cases, when 
two feet of surface had been lost, if the erosion were 
stabilized at that point, the land remained usable. 

Mr. C. H. EDELMA~ assured ::Vfr. Kellogg that there was 
no difference of opinion between them on the advantage of 
explaining to scientists in training how the soil maps they 
were preparing could be applied. They would thus be 
better able to direct their attention to the specific soil 
characteristics to be determined. 

Sir William 0GG agreed with Mr. Kellogg that soil maps 
should be essentially scientific. While ad hoc surveys 
might be undertaken in special circumstances for small 
projects, a basic soil map must be scientifically sound and 
applicable despite changing conditions. 

In order to obtain first class soil scientists, it was the 
practice in England and Scotland to train men who held 
honour degrees in some branch of pure science. Intensive 
study in other sciences and agriculture prepared them for 
work in the field. 

Mr. MUKHERJEE expressed his appreciation of the paper 
submitted by Mr. Kellogg. He firmly believed that full 
economic utilization of the soil was impossible as long as no 
scientific classification had been made. 

In countries where the area of arable land per capita 
was small the knowledge of the potential capabilities of 
the soil was essential in order that soils might be put under 
crops for which they were best suited. He also stressed the 
importance of classification based on catenary associa
tions, particularly in tropical countries such as his own. 

He agreed with Mr. Kellogg that it was essential to give 
adequate training in the basic sciences to future experts in 
soil survey, and that soil surveys should be basic rather 
than applied to specific problems; he felt, however, that 
rudimentary soil maps and plans should be made available 
where needed for use on special projects, such as irrigation 
projects in India. 

Mr. Mukherjee then introduced the papers on soil sur
vey and soil research in relation to soil conservation 
prepared by .Mr. Raychaudhuri and Mr. Sen. He stressed 
the shortage of soil survey experts in India; soil survey 
work had seriously been taken up only recently. The 
main problems of soil conservation in India were erosion 
and misuse of the land; however, some of the old established 
methods used by the farmers were of interest, notably 
terracing and rice paddy culture. A further problem was 
presented by waterlogged and saline areas, the latter 
found mostly in the irrigated arid and semi-arid regions. 

The CHAIRMA~ drew the attention of those present to 
the following additional papers which had been sub
mitted: "Soil Survey in Relation to Soil Conservation", 
by R. Kohler of Austria; "General Soil Conditions in 
Southern Brazil", by Jose Setzer; "Biological Soil Re
search in Relation to Soil Conservation", by Herbert 
Franz of Austria; "Calculation, Key and Notation Used 
in Survey of Agro-Ecological Suitability Based on Index 
Plants", by A. L De Fina and A. ]. Gar bosky of Argen
tina; "Erosion Survey in the Province of Bio Bio, Chile", 
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by M. Rodriguez Z.; 'TheN atural Agricultural Resources 
of the Belgian Congo", by M. V. Homes; and "Surveys 
of Zones Affected by Soil Erosion in the Argentine Re
public", by C. V. Quevedo. The last four papers mentioned 
had been received too late to be reproduced. 

Mr. C. H. EDELMA"' presented his paper on "Soil Re
search in Relation to Soil Conservation". The document 
listed the major problems of soil research, including the 
two most important topics in the study of soil physics
permeability and soil structure. The study of organic 
matter was also of primary importance in soil chemistry. 
In soil biology, the influence of cultivation on the fauna 
and flora and soil regeneration offered a vvide field for 
study. 

Progress in soil research was relatively slow. Mr. Edel
man felt that Governments would find it worthwhile to 
spend larger funds on the subject. 

Mr. DuLEY introduced his paper on "Research and Soil 
Conservation". He remarked that, while in early soil re
search work in Europe and America the main attention had 
been devoted to maintaining the productivity of the soil, 
more recent studies were concerned also with the important 
problem of keeping the soil in place. Studies undertaken 
in the United States during and after the First ·world 
War had shown that bare, uncropped land lost about one
third more water bv run-off and more than twice as much 
soil by erosion as }.{nd continually under crop; wheat land 
lost only about one-third as much soil as land in a com
wheat -clover rotation; bluegrass sod lost extremely low 
amounts of water and less than one-twentieth of the 
amount of soil lost on wheat land. Those facts showed the 
effect of vegetative cover in reducing both run-off and 
erosion. 

Additional methods of conservation, such as terracing, 
contour farming and strip-cropping were also being studied 
currently in the United States and many other countries. 
The division of research of the United States Soil Conser
vation Service was engaged in the investigation of many 
problems of soil conservation, such as the factors affecting 
intake of water by soils, the effect of dead crop residue on 
erosion and run-off, and the wind erosion process and fac
tors affecting it. The results of those investigations were 
described in Mr. Duley's paper. In particular, stubble
mulch farming as a soil conservation practice had spread 
rapidly; if applied still more widely, it might appreciably 
reduce the danger of another "dust bowl". That method 
was also of considerable value in the improvement of badly 
eroded soils. It should not, however, be relied upon as the 
sole effective method of soil conservation, but should be 
used in conjunction with other approved practices such as 
terracing, strip-cropping and adapted rotations. 

More soil conservation research was needed to support 
the many agencies at work on the problem in the United 
States and projected in other countries. In addition to the 
applied phases of such research, there was also need for 
research on many fundamental problems involving ques
tions of microbiology, engineering, soil physics and soil 
chemistry. Many research agencies such as the state ex
periment stations and various agencies in the Federal 
Government were working on those problems. It was 
essential that a thoroughgoing and well-planned pro-

gramme of research by highly trained men should be main
tained on all matters relating to soil conservation. 

Mr. BRAY said that one of the principal goals of modern 
soil fertility research was to learn how to build up and 
maintain the fertility of soils in order to produce, ·without 
erosion, maximum crop yields of the proper composition 
for animal and human consumption. The to that 
problem was the designing of soil tests to measure the 
deficiency of a soil in each essential nutrient element, 
thereby establishing how much of each fertilizer was 
needed to achieve maximum yields of the correct com
position by means of a balanced optimum fertility. That 
goal had practically been achieved in the United States 
corn belt. 

The value of the tests was to show where fertilizer 
should or should not be used, to predict the increase in 
yield from fertilizer use, and to guarantee the farmer a 
triple to fivefold profit from such use. If crop prices were 
cut in half, fertilizer use would still be profitable where a 
soil testing system was used. It should be noted, however, 
that only a few major nutrients, such as nitrogen, phos
phorus, potassium, calcium and magnesium could be 
tested for and controlled whereas no ready test was yet 
available for most of the minor essential elements. 

The results of the apparently highly successful soil fer
tility programme in the United States corn belt were not 
altogether simple. True, the crops produced under the 
programme were of a better composition for food; more 
organic matter was being returned to the soil, so that the 
latter was becoming less erosive and still more productive. 
On the other hand, surplus crops were beginning to pile 
up; and, more dangerous still, the essential minor elements 
in the soil which science did not yet know how to control 
were being progressively exhausted. 

The solution of the problem of surpluses was not to 
continue to farm infertile soils, which could only produce 
low yields of a deficient composition at high cost. 

The research pattern needed for finding out how to 
control the use of fertilizer elements for the production of 
maximum yields of nutritious crops had already been 
developed; all that had to be done was to apply that 
method to the minor elements also. 

If the proportion of land planted to harvested crops and 
to grasses and legumes were varied on each farm, produc
tion in normal times could be varied to any desired level, 
permitting better erosion control and increased soil pro
ductivity. By building up fertility to the maximum and 
by maintaining the soil in a fertile condition, greatly in
creased production of crops of the proper composition 
could be achieved quickly during any emergency. 

The CHAIRMA::>r opened the general discussion on all the 
papers presented at the meeting. 

Mr. DE HAAN asked, in connexion with the papers sub
mitted by Mr. Duley and Mr. Sen and Mr. Raychaudhuri 
respectively, how the data on losses due to soil erosion 
given in those papers had been established. This did not 
specially concern :Vir. Sen's figures but in general calcu
lations about soil erosion seemed to be uncertain. 

Specifically, the data obtained from experiment plots 
seemed to be precarious. On Java differences were found 
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between adjacent and quite similar plots of the same size 
varying from 100 to 500 per cent. These were year 
averages. The rougher the vegetation was and the smaller 
the plots, the greater the differences. The size and es
;>ecially the length of the plots were of . considerable 
mfluence on the data obtained. 

Furthermore, the results calculated from those run-off 
plots and calculations based on silt sample~ from rivers 
were widely different. Thus, on volcanic soils in Java run
off plots gave an average soil loss of 30 ton per hectare, 
whereas river samples in these regions only gave 5 ton per 
hectare. Similar and larger differences occurred in the 
marly soils in Java. 

On the one hand the results obtained from plots were 
too high, because they included not only the soil lost but 
also the soil that moved over a short distance. On the 
other hand the data obtained from plots were too low, 
because gullies were not fully developed. 

Mr. de Haan pointed out the need firstly for an in
tegrated erosion research which included all the aspects of 
the erosion phenomena. This research included the total 
run-off and erosion as measured in the river-bed, as well as 
the soil losses in small experiment plots, and also the 
appropriate laboratory investigations. 

In the second place this research work should be 
representative for large regions where similar natural cir
cumstances occurred. For this reason the island of Java 
was divided in four regions. When the war came all
round research of this kind was already in progress for two 
regions, for respectively 10 and 5 years. The results of 
these investigations were lost as a consequence of the war 
and the following revolution. 

Mr. DuLEY replied that the main purpose of plot ex
periments was to show the effects of different forms of 
treatment; to determine the actual amount of soil lost was 
less important than establishing the comparative merits 
of treatments. 

Mr. FA THY remarked that the paper by Mr. Raychaud
huri and :VIr. Sen referred to the use of calcium chloride 
and other salts in the reclamation of alkali soils. In Egypt, 
calcium sulphate (gypsum) was used for similar purposes. 
He wondered whether that salt had also been used in 
other countries, and how its use compared with other 
treatments. 

Mr. 1\It:KHERJEE, replying to Mr. DE HAAN, said that as 
Mr. Duley had already pointed out, plot experiments gave 
comparative results of different treatments and that was 
the purpose of the experiments. The actual loss depended 
on the soil type, the slope, the incidence of heavy rainfall, 
etc. Experiments had therefore been made in different 
parts of India on different soil types. The soil type was 
important and experience in India had sho\\'"TI that differ
ent types of soil with the same slope and similar in
cidence of rainfall registered different losses. The soil type 
and the rainfall were two important factors to be taken 
into account. Mr. De Haan had referred to the high 
figures of soil losses registered in plot experiments as 
compared to the silt carried by the stream draining the 
same area. The difference could be explained by the fact 
that much of the loss of soil suffered by land having high 
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slopes was deposited at lower levels and did not reach the 
streams. 

Replying to the question by Mr. Fathy, he confirmed 
that calcium chloride had been found suitable in labora
tory experiments as a treatment for alkali soils, but stated 
that gypsum was more widely used in the field. 

Mr. BRAY, replying to a question by Mr. Hammond, 
said that no difficulties had as yet been experienced in 
Illinois arising from the exhaustion of minor elements in 
the soil; the future, rather than the present, gave grounds 
for apprehension in that respect. The exhaustion of minor 
elements could, under existing conditions, not be dis
covered until trouble was actually reported by the far
mers. 

Mr. TIMMONS pointed out that for soil surveys to be of 
maximum use a close relationship would have to be 
established between economists and soil scientists. The 
problem of bringing economists and soil scientists closer 
together was important, and attempts to solve it were 
being made at Iowa State College and other agricultural 
colleges in the lJnited States. The process of breaking 
down the barriers of specialization would no doubt prove 
extremely useful. 

Mr. HocKENS:VIITH agreed that a close ·working re
lationship between soil scientists and other technicians 
was an important factor in the field of soil conservation. 
The United States Soil Conservation Service had found it 
to be indispensable. 

After accurate maps had been drawn, it was necessary 
that the information thus gathered should be interpreted 
in terms easily understood by other groups such as farmers 
and the teclmicians who work with farmers. In land 
capability classification, agricultural experience and re
search findings should· be collated. 

There were eight land capability classes. Four were 
suitable for cultivation, the three main classes being: land 
in which there were practically no limitations on cultiva
tion; land presenting some limitations; and land present
ing severe limitations. Each class was divided into sub
classes based on the type of limitations existing and the 
type of problems to be solved. This system helped the 
farmer to understand the type of land he was cultivating 
and the problems involved. When in possession of that 
knowledge he was more likely to co-operate in the carrying 
out of a permanent soil conservation programme. 

Mr. H. DELGADO A. referred to Mr. Kellogg's statement 
that, to make optimum use of agricultural science in any 
countrv, it was essential to have a consistent scheme of 
soil d~finition and nomenclature. He wished to know 
whether the same system of soil classification was being 
used throughout the United States and, if so, whether the 
results obtained varied. 

With reference to irrigation, Mr. Delgado pointed out 
that irrigation projects raised the problem of the classi
fication of soils for the control of erosion. It was difficult 
to find out what areas produced the highest amount of 
sediment, and he wished to know whether Mr. Kellogg 
was in a position to supply him with additional informa
tion. 
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Mr. KELLOGG stated that his references to grouping by 
soil capability classes in the classification of soils involved 
a very broad grouping, which would be useful in drawing 
attention to critical areas. A system of sub-groups was 
also used and those, in turn, were divided into individual 
soil types. That system was not applied throughout the 
world; the amount of data available varied. Uniform soil 
nomenclature should be used as widely as possible. 

With reference to the second question, Mr. Kellogg 
pointed out that the rate of infiltration was important in 
the use of soil surveys for flood control. That raised the 
question of the type of protective vegetation needed to 
encourage such infiltration. Soil surveys could be helpful 
in solving those problems. 

Mr. ANDRADE G. declared that soil survey had been first 
applied in Mexico some twenty years before. When irriga
tion had first been begun there had been no knowledge of 
Mexican soil types. Lack of information had led to 
mistakes and experts from the United States had been 
called in. At that time, a local system was used due to 
lack of standardization of soil nomenclature. Surveys had 
corrected the initial mistakes and experience had shown 
where not to establish irrigation projects. Results could 
be verified only after the setting up of a soil department, 
and costs would probably have been reduced had a co
ordinated agricultural policy existed. 

By continuous interchange of their knowledge, the 
various countries could gain the benefits of each other's 
experiences. In the case of Mexico, which had already 
begun serious and definite effort in this work, knowledge 
of the experience of other countries would be of tremen
dous importance. 

Mr. CLAY emphasized the need for soil surveys in under
developed countries as a basis for soil conservation pro
jects. However, he felt that more would be gained from 
basic soil surveys if they were linked to geological and 
ecological surveys. Considerable good could be derived 
from linking survey work in under-developed countries 
with work done in highly developed countries. For that 
purpose an Adviser on Tropical Soils had been appointed 
at Rothamsted Experimental Station and the advisability 
was being considered of increasing the staff by the ad
dition of a limited number of soil survey officers. A basic 
organization would thus be formed to assist small colonies 
which did not have soil survey services. 

It was desirable not to divorce soil survey work from 
soil use. Surveyors must supply a simple key to enable 
field officers to diagnose and classify soils. 

With reference to research work on soil conservation in 
tropical areas Mr. Clay supported Mr. Edelman's plea for 
additional work on soil microflora. 

A soil conference held in Africa had resulted in two 
important decisions: the setting up of an information 
bureau in Paris which would be a permanent centre of 
information pertaining to the technological, sociological 
and practical fields of soil conservation and land use; and 
the establishment in the Belgian Congo of a pedological 
service to bring about closer co-ordination of work and 

unification in the classification of soils. Isolated soil sur
vey work was not the correct approach to the problem in 
the colonies. 

Mr. KELLOGG agreed with Mr. Clay that close relation
ship should be established between survey work in tropical 
areas such as Africa and surveys in highly developed 
countries. 

Mr. DE LA TORRE expressed particular interest in the 
use of volcanic soils utilizing ashes as fertilizer, adding 
that active volcanoes had caused considerable damage in 
Mexico. 

Mr. BRADFIELD referred to the mapping of soil erosion. 
The earlier practice had been to map what could be seen 
in the soil profile, but that had given way to the mapping 
of what was imagined to have once existed. A worldwide 
project was being contemplated to show the magnitude of 
losses by erosion throughout the world. Although the 
project was interesting, emphasis for the time being should 
be laid upon what soil was left. Soils were not to be 
discarded when the top six inches had been washed away. 
:\iany such soils could still be used profitably. Mapping 
should be based upon those characteristics useful in deter
mining the agricultural potentialities of the soil. 

='>fr. BLACK felt that some confusion had resulted from 
the discussion on land capability classes. An adequate 
classification required the mapping of soil series and types, 
the description of slope, topsoil depth, stoniness and other 
factors. Should the farmer be informed merely of the 
capability classes or should he also be told of the soil series 
and types? Experience had shmvn that it was advisable 
to provide him with both, yet care should be taken to 
avoid confusing him. 

Mr. KELLOGG pointed out that many farmers were 
interested in soil types. Groupings such as one according 
to land treatment could be helpful to them. It was im
portant for every soil survey group to have a table show
ing soil types, the yields expected and the effects of various 
systems of management on long-term productivity. When 
estimated vields were available to soil scientists, econo
mists could draw up proper farm budgets. 

)1r. HocKENSMITH agreed with )fr. Black that some 
confusion had resulted from the discussion on land capa
bility classes and classification. There are four levels of 
generalization in the land capability classification: land 
suitable and unsuitable for cultivation; land capability 
classes; land capability sub-classes; and land capability 
units. 

That system had been used in over 2,000 soil conserva
tion districts in the United States. Each district was 
provided with a table setting forth the classifications and 
recommendations worked out by technicians. Specific re
commendations were available for each specific type of 
land. Over two million farms in the United States had 
been covered \v:ith land capability surveys and the result
ing land capability maps were available in obtaining the 
proper use of land and the application of soil conservation 
practices. 
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Simple Tools and Equipment for Small Scale Farming 

MASON VAUGH 

ABSTRACT 

The agricultural revolution which has occurred in the last two centuries started largely with the improvement in im
plements. Changes in the process of development centred attention on biology, chemistry and plant and animal breed
ing. The industrial revolution put large scale power and the implements with which to apply it into the hands of Western 
agriculturists and the development of animal drawn or small scale implements became less necessary in the West. 

The decision as to what kind of implement to introduce must be based not only on economic conditions but on the 
habits of work and thought of the people, the size of holding, the climate, and repair facilities. The basic implements in 
use are simple and few. Improved implements are available which will do everything an indigenous implement will, will 
often do them better and generally will do more work in a given time and with given power. 

The two basic implements to introduce in most cases will be a small soil inverting plough and a small cultivator with 
suitable attachments for both. Steel is preferred to cast iron. The size of implement should generally be small, in 
keeping with the size of animal and of holding. 

Little at present can be recommended in the way of improvement in harvesting equipment and only slightly more for 
threshing. For the most part, improved equipment for these will have to be provided by other means than individual 
ownership. 

Generally speaking, the introduction of improved implements will be profitable in money, besides social and human 
advantages, such as release from drudgery. Usually savings or improved earnings will pay for the implements very soon. 
Farmers can usually meet the cost without difficulty when convinced of the value of the implements. 

When the modern agricultural revolution began, more combustion engine he could easily control and apply 10 
or less along with the industrial revolution, much of the 25, 50, or 100 h.p. and thereby multiply his productiveness 
attention of the early pioneers in agricultural develop- accordingly. The thinly settled countries of the vVestern 
ment was centred on the development of new equipment Hemisphere gave full scope to this development and the 
and on the development of techniques involving the use of relatively uncrowded countries of Western Europe also 
equipment. Early agricultural workers seem to have offered considerable opportunity. The rapidly increasing 
recognized that agricultural practices were related to and industrial development absorbed the increase in popu
dependent on the equipment with which the farmer lation so that each farmer had enough land to make it 
works. As an instance, Jethro Tull's "Hoe Husbandry" possible for him to apply the new equipment and the 
dealt with the changes in agricultural practice that new techniques they made possible. 
implements made possible. Engineers and economists early pointed out that a 

As the ancient sciences of biology and chemistry de- man's productivity depended on the tools with which he 
veloped, attention was centred on their contributions to worked and on the amount of power he controlled. In 
agricultural development. They were fascinating in them- agriculture, productivity depended on whether a man 
selves and they promised so much in changing the nature worked with his bare hands, with a pointed stick, a simple 
of plants, animals and soils. They had the further at- hoe, a simple wooden plough, a modern animal-dra»n gang 
traction that they seemed to be self contained; the bota- plough or with tractor implements. It depended on whether 
nist could experiment with plants in a greenhouse, dissect he used his o'.\'11 muscles, a slow moving ox, a team of 
them in a laboratory and grow them by hand without any several intelligent and fast moving horses or a powerful 
real contact with the problems of the farmer. The zoolo- tractor. In an agricultural situation where there was 
gist and animal breeder could similarly work as a "scien- plenty of land for big farms and where industrial op
tist" with the minimum of contact with the day-to-day portunity could absorb surplus population or even drain 
problems of the actual farmer. The chemist could and off some from the agricultural producers, it was natural 
often did spend his whole life in pursuing fascinating and for large scale equipment to be developed and to come 
often important problems among his test tubes, flasks and into wide, if not universal, use. In this situation, while 
balances. The application of their findings could be still important, development of better plant and animal 
written in books and dealt with as abstract knowledge, material and of those processes and materials stemming 
some of which filtered into, and became important in, from chemistry were not the most potent ways of in
farming practice. creasing the net productivity, the net earnings of a man. 

The developing industrial revolution made available Increasing the amount of power controlled and so the area 
material and manufacturing techniques for improved im- covered through the utilization of efficient implements 
plements. It also made available, first in the steam increased the productivity of the man more than an im
engine and later in the internal combustion engine and in proved variety of plant or animal. Being able not only to 
electricity, power sources which could put into the control control-to cultivate-a large area but to get a large area, 
of a single man undreamed-of forces. A man could exert the individual could command resources with which to 
more or less continuously about 0.1 h.p. \Vith horses he buy the new, efficient implements and power sources 
could control several horsepower but with the internal which industry made available to him in variety. 
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"Modern" agricultural development took place first in 
the West. It started in a predominantly agricultural 
culture and developed in a period when there was a strong 
movement from farm families into technical and in
dustrial pursuits. Cities were small and all classes of the 
population were closely related to the land. Therefore it 
was the common thing for the scientist, the plant breeder, 
the animal breeder, the chemist in the colleges and schools 
to have been born and to have lived on a farm and to have 
actively participated in farm life with his own hands, to 
have had actual farm experience not as a visitor but by 
actual participation in the day-to-day activities of a farm 
as a member of the family. Even yet, when the popu
lation has largely shifted from a rural to an urban culture, 
it is the common thing for agricultural scientists in Western 
countries to have been farm boys. 

When modern agricultural development began in 
Eastern countries, it developed in an entirely different 
setting. Most Eastern countries were already thickly 
populated. There was little spare land. Farms were small 
and often scattered in several small bits through the 
village area. Families lived in villages, not directly on the 
land. Labour was cheap and plentifuL The population 
was stable, comparatively few moving from the villages to 
the cities and industrial development was comparatively 
small, mostly concerned with such things as textiles, soap, 
consumer goods generally. The village was largely self
sufficient, made its own simple tools and implements, 
required little from outside. 

Agricultural scientists too had a different background. 
l'requently they were brilliant men but were from the 
"upper classes", the intelligentsia, from families where, 
even if they were connected with agriculture, the actual 
work was done by "servants". Rarely had they actually 
done field work because of the necessity of earning. They 
learned agriculture by studying in schools and colleges. 
It was easier to demonstrate practically and effectively 
chemistry, botany, zoology and to give "practical work" 
in them. It is small wonder, therefore, that plant breeding, 
animal breeding, entomology, have been more attractive 
and that brilliant work has been done in them. Improved 
wheats have increased productiveness 20 to 25 per cent, 
coimbatore canes have increased sugar production in India 
as much as 100 per cent. It is not surprising therefore that 
relatively little work of an exact nature has been done and 
that relatively little has been accomplished in replacing 
the indigenous implements with improved implements in 
the thickly settled countries of the East. It is not sur
prising that when in recent time attention has been drawn 
to the need for improving agricultural production, at
tention should be centred on big implements and large 
scale methods. 

VAUGH 

pays an annual retainer fee for which service is rendered as 
needed. Where most tools are hand made and metal is 
scarce, any scrap of steel, such as a wornout plough-share, 
can be shaped into some other useful tool or bit of hard
ware such as nails. The cast-iron share, when worn out, 
is an irritation because it cannot be made into anything 
useful by the village smith. This alone, aside from any 
other superiority of the steel share, may cause the village 
farmer to prefer a steel share. 

BASIC IMPLEMENTS IN USE 

Little infom1ation is in print about the basic common 
tools and implements in use in the countries where the 
ancient patterns are still commonly used. One study was 
made in China by Ogden King of Nanking University in 
1935. This listed a total of forty-three items, not all tools 
or implements, in common use in the region studied. A 
recent study made at Allahabad by a group working under 
the author, found some eleven items of small tools and im
plements in common use in the Ganges plain. They were 
the wooden plough, a clod crusher consisting of a single 
squared timber about 6 in. by 8 in. and about 8 ft. long, two 
types of small hand digging tools, a reaping hook, two 
types of hoes, one a heavy digging type and one a small 
pointed type for interculture, a cleaver-like chopper used 
for cutting fodder for the cattle, two crude simple types of 
fork and a wooden spoon for throwing water from irri
gation channels. Items not covered by the study but in 
common use are the leather bag used for drawing irri
gation water from the wells, clay pots and iron buckets 
used for the same purpose on a wooden sweep, carts for 
hauling crops, etc. 

In the area studied in the Ganges plain, very few im
proved implements were found. About 22 per cent of the 
total number of ploughs counted on 147 farms were im
proved ploughs, or sixty-one out of a total of 272. On the 
14 7 farms twelve chaff cutters were found. Ko cultivators 
or winnowers were found though considerable numbers of 
cultivators and a few winnowers have been sold in the 
province as a whole. Not enumerated were the iron 
persian-wheel water-lift used for irrigation and the iron
roller sugar-cane crusher. The latter is the best example 
in India of a successful improved implement. It was first 
introduced into India about 1890. By 1920 it had practi
cally completely displaced the old stone mortar and 
wooden pestle type previously used. No other improved 
implement or tool has had anything like this success in 
India. In some places power-driven crushers are beginning 
to replace the bullock-driven types. 

In other areas there are variations in the type of in
digenous implements in use and the number of kinds varies 
from area to area but the general kind and function is not 
widely different. No studies of the kind, made in India or 
in other countries, other than these two have come to the 
attention of the author. 

What to introduce, what to consider an "improved" 
implement, has been and is still a problem. To be success
ful, an improved implement must not only suit the soil 
and the crops gro\Vn but it must suit the draft animals IS IT DESIRABLE TO REPLACE INDIGENOUS IMPLEMENTS? 

available and the habits of work of the people, the size of The author's personal experience is confined to India. 
holding, the climatic conditions and the repair facilities. However, on the basis of reading and discussion with those 
An example of the need to fit into the habits of the people from other countries, it appears that there is practically 
is illustrated by the reaction to the cast-iron plough-share no indigenous implement which cannot be replaced to 
in India. There the farmer does not pay for each indivi- advantage by an improved implement. There may be 
dual service of the village carpenter-blacksmith; rather he, various criteria for judging whether an implement should 
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be replaced or not. All of them should be considered be
fore a decision is made one way or the other. 

Too often in the past, the one criterion has been, "does 
it increase the yield?" meaning does it increase the yield 
in the first season. Of course if the answer is in the affir
mative, that is good. However some other advantages 
may be gained which would justify introduction even 
though no immediate increase in yield is evident. The 
following are among the advantages that may be usefuL 

l. A reduction in total human labour required to grow 
a crop. In oriental countries it is common for the man, his 
wife and the children more than a few years old to work in 
the fields. An improved implement, with the cultural 
practices it may make possible, may enable the man alone 
to carry the work most of the time, releasing the woman 
for better home making and the children for schooling. 

2. It may enable certain types of work to be done at 
seasons when the indigenous implement will not work, thus 
spreading the work over a longer season and reducing the 
peak load at the busy season. Ploughing during the previous 
dry season in preparation for sowing the monsoon crop in 
India is an example. There is a considerable period after 
the winter crops are sown and the monsoon crop is harvest
edwhen there is time to plough ;unless there is unseasonable 
rain the soil is too hard for the wooden plough to work. 
Again, after the winter crop is harvested, in March, there 
is a longer period before the monsoon when improved im
plements will work but not the indigenous. 

3. Closely related with the above is the possibility of 
greater timeliness of operation. Ploughing in the previous 
dry season for instance makes possible early sowing after 
the beginning of the monsoon. This may or may not give 
some increase in yield in a normal season but it is practi
cally always true that early sovvn crops do better when 
there is a partial failure of the monsoon. 

4. The use of improved implements often makes possi
ble certain cultural practices which in the end will in
crease yields, though the immediate effect may be small. 
Under Indian conditions, an instance of this is green 
manuring. When it has to be planted under the usual 
practices of preparing a seed bed in competition with the 
monsoon crop, there is very little chance of getting a green 
manuring crop planted in India. However if the soil is 
ploughed roughly in the previous dry weather, an excellent 
stand of sann hemp, (Crotalaria juncea), can be had by 
simply scattering the seeds broadcast among the clods a 
few days before rain is expected. It needs no further at
tention until work would need to start anyway for the 
following winter crop, it keeps down weeds and adds use
ful nitrogen and organic matter to the soil. The wooden 
plough cannot handle the job of turning under the green 
manuring crop, while the improved small steel plough 
can do so. The green manuring crop often adds materially 
to the succeeding crop and if done consistently will gra
dually build up the soil, though the annual increment may 
be small. 

5. Improved implements may be important in the con
trol of pernicious weeds. In India, large areas are practi
cally out of cultivation and other areas are severely reduced 
in productivity because of kans (Sacchareum spontaneum) 
and related grasses with underground stems. Bermuda 
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grass (Cynoden dactylon) is a less serious but still important 
pest. The proper use of the correct improved implement 
\V:ill control and gradually eradicate these; the indigenous 
implement can keep the bermuda grass under some con
trol but, once started, the kans will take a field from the 
indigenous plough. Again the process may have to be 
gradual, spread over several years before final eradication. 

WHAT IMPLE:VIEN'TS AND TOOLS SHOULD BE INTRODUCED? 

Again based on Indian experience, it seems clear that no 
one implement can fully replace the wooden plough, 
though it is the first implement which should be replaced 
where it is in use. The substitution of the combination of 
a small steel soil inverting plough and a siinple type of 
cultivator or horse hoe, with attachments for each of them, 
will meet practically all the needs of the small farmer for 
field culture. 

The plough should be of steel rather than cast iron, 
because it should meet conditions where a sufficientlv 
strong cast iron plough would be undesirably heavy; b~
cause the steel plough can be sharpened repeatedly with 
the tools of the village blacksmith or even with tools not out 
of the reach of the farmer; because the parts when worn 
beyond use on the plough still have a use in the village. 

The size of the plough should be between 6 in. and 8 in. 
bottom. Less than 6 in. is ineffective as a turning plough, 
more than 8 in. wide is likely to be outside the power 
capacity of the work animals under severe conditions. 
The narrower bottom works better under severe dry con
ditions, the wider does a better job of turning under green 
manure crops. There would be some advantage in having 
two interchangeable bottoms, one especially for dry con
ditions, the other for turning under green manure and 
weeds. 

The quality of material is not criticaL "Plough steel" or 
steel of .60 per cent to .75 per cent carbon is suitable but 
for the areas where scouring is not a critical problem, or
dinary commercial mild steel can be used for all parts 
except the share. Solid steel is preferable to soft centre 
steel because of cheapness and because it is easier for the 
relatively unskilled smith to handle. In any case, the share 
should be of solid steel, about .75 per cent carbon and it 
need not be heat-treated. The farmer should be able to 
sharpen it by cold peening with a hammer, taking it to the 
blacksmith only when the edge gets thick. 

While it is more costly, the small steel beam plough with 
a curved I section beam, to be hitched with a chain, is 
decidedly preferable to the type having a wooden pole 
beam. It handles better in the field, can be fitted with one 
or two handles, can be used with one or two animals. Small 
ploughs with short wooden beams are also practicable. 

Desirable attachments are furrow makers and sweeps 
which are interchangeable with the mould-board bottom. 
These may be of steel and of various sizes. The furrow 
makers are useful for making furrows and ridges for 
various crops, for irrigation channels, etc. The sweeps are 
useful for eradication of weeds and for certain types of 
in terculture. 

The cultivator which seems most desirable is a small 
five-tined implement generally similar to the American 
"horse hoe". \Ve have found a pattern with somewhat 
more clearance desirable and have left off the small wheeL 
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Elimination of the wheel makes possible the use of the 
cultivator for "straddle row" operation on small plants, 
which is preferable when the plants are small, the row 
spacing is narrow and irregular. Removal of two stan
dards reduces it to three tines and adapts it to severe 
.~onditions or small animals. By fitting wider shovels, 
H in. to 4 in., on the three back tines and by fitting a 
funnel and spouts leading to them, the cultivator can be 
clsed for seeding. In operation, the cultivator is handled 
md the animals controlled by a man while the seed is 
lropped into the funnel by another person, usually a 

·.voman. Three spouts can be used for closely spaced crops 
such as cereals, two may be used for such crops as maize, 
,;orghum, etc., to be planted in ·wider spaced lines. This 
secures most of the advantages of the seed drill, except 
automatic control of the seed rate. In practice, it has been 
j.Jund that workpeople get remarkably even spacing of 
1he crop this way and that the seed rate can be satis
Jactorily controlled. The investment is far less than that 
required for a seed drill and the work is better when 
:cowing under a deep mulch as is practised in some areas 
having deficient or irregularly spaced rainfall. The at-
1 achment can be made locally of local material, iron pipe 
(>r bamboo being used for the spouts and wood or tin for 
the funnel. 

With these two implements and the attachments 
mggested, the farmer can do most field operations. The 
wooden clod crusher or planker may be retained. A light 
hand hoe with a handle long enough to enable the user to 
stand is useful. 

The above does not provide for any improvement in the 
harvesting and threshing equipment. For the small 
farmer having only a few acres, little can be done at 
present to improve the harvest. The scythe shatters too 
much grain; the cradle takes too much effort to work it; 
reapers and mowers now available either are not adapted 
to the work required or involve too large an investment or 
both. The binder, in addition to other disadvantages, 
requires considerable cost in twine. 

Improvement in threshing is easier than in harvesting. 
Yarious kinds of sleds, rollers and frames fitted with 
smooth or toothed disks may be used with animals to 
considerably reduce the time required to thresh by tramp
ling or with a flaiL At least in some areas, small power 
operated threshers and winnowers, operated on a custom 
basis, may well be introduced. The combine harvester, as 
a custom operated machine has promise for the future but 
is not immediately applicable to very small farms with 
s<:attered fields. There is still need for much development 
work to meet this need. A simple fan to be hand driven to 
produce a blast of air is a useful thing when winnowing by 
hand is carried out. 

THE ECONO::\UCS OF BETTER IMPLEMENTS 

VAUGH 

plement is such that one is enough. 'Where this is possible, 
the saving in the cost of one pair of animals is more than 
the cost of the new implements. In other cases, the in
creased yield will pay for the implement in one or two 
seasons. In other cases, reduction in the time required 
may enable the farmer to work for others enough to earn 
the cost of the implements. In general, it can be said that 
the increased yields resulting from the use of the proper 
improved implements will quickly pay for the implements, 
assuming that the implements are suitable and the cost not 
out of relation to the work to be done. In many cases the 
improvement in yield due to the improved practices 
possible when better implements come into use may be as 
much as 100 per cent of the priginal yield. When other 
social and human values, such as release from drudgery, 
especially of the women and children, are taken into 
consideration, the improvement becomes doubly desirable. 

CAN FAR}.fERS AFFORD UfPROVED D!PLEMENTS? 

The ability of farmers to afford improved implements is 
often questioned and the plea of poverty is often used to 
evade such purchases. How far is this plea justified? It is 
true that many small scale farmers are poor. It is also 
true that in general they cannot afford to experiment. 
They need to know before purchasing that the implement 
will be useful. Perhaps some farmers in every area will 
really not be able to afford improved implements. In most 
cases they can secure the necessary money either from 
current funds or by savings on amounts spent for wedding 
and other feasts and festivals of sorts. In many cases they 
borrow for non-productive purposes. Few if any will be 
unable to raise the price of an improved plough either by 
savings or by curtailment of unessential expenditure for 
social purposes, or by borrowing. 

Where it may not be possible to buy a full set of im
proved implements at one time, often one or more things 
can be bought in a year and the purchase can be spread 
over several years. Often savings or profits from one 
purchase can be applied to further purchases. 

WHAT ARE THE OBSTACl-ES TO INTRODUCTION OF IMPROVED 

IMPLEMENTS? 

In general, the greatest obstacle to bringing improved 
implements into use is ignorance. The farmers do not 
know what implements are available or what benefits may 
be expected from their use. X o real sales effort has been 
put into showing them. 

In some cases, wrong types, unsuitable materials used 
in the manufacture, poor construction have discouraged 
early purchasers and, through them, others. In many cases, 
unjustified claims by ignorant advocates have led to dis
appointment and prejudice against improved implements. 
In many cases, introduction of only one improved im
plement where two or more were needed to fully replace 
an old implement has left the old one in use and habit 

It is often difficult to evaluate the economic benefits of leads to gradual reversion to use of the old rather than to 
improved implements. Some of the benefits, as previously progress toward complete use of the new. It is desirable 
p >in ted out, are social rather than economic. In many to introduce implements in such a way that the old im
cases, the benefit possible from the implements is only plement displaced is completely rendered unnecessary. If 
fully realized if and when improved practices made possible in a particular case improved implements are not im
bv the improved implements are brought into use. In mediatelv available, intensive efforts should be made to 
rLany cases, where farms are large enough to require two complete' the provision of improved types to make corn
u 1its of an implement, the capacity of the improved im- plete substitution possible. 
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Implement Aids for Small-Scale Farming 

S. J. WRIGHT 

ABSTRACT 

When the object is greater production, improved aids in soil tillage and after-cultivations are more important than in 
harvesting. On many small peasant farms production is low because after providing food for work animals and for the 
bare subsistence of the family, there is no surplus to provide means of improvement. The only solution is to eliminate 
work animals and, since unaided manual labour is insufficient, to introduce mechanical power. A winch development, 
which enables low-powered two-wheeled tractors to undertake heaVY work, makes possible the design of simple me
chanical equipment at a cost no higher than that of animal equipment. Husbandry would then be improved because land 
now devoted to hay and coarse grains could be used for more remunerative crops; but would then need intensive after
cultivation and further aids for this purpose would be required. A similar need is being met in Britain by better seed
sowing methods based on an improved drill simple enough for the smallest farm. This will reduce the hand work of plant 
singling and weed control, and raise yields by getting this essential work done at the optimum time. 

IKTRODUCTION 

The broad objective of this Conference is clearly to in
crease world food production; while this discussion is con
cerned with areas in which improvement might result 
from more effective farming tools. Because these are, for 
the most part, areas of small-scale peasant farming, only 
small and simple tools are likely to be acceptable. Ex
perience in Britain-where hand-wielded tools are seldom 
used in main farm work ; where 50-acre farms own tractors 
and smaller farms hire them-is not a likely source of aid 
of this kind. But recently the need to grow more food by 
any means available has focussed attention on instances 
in which shortage of hand-workers is still one of the 
hazards affecting crop yields; and from this may come 
aids simple and suggestive enough to be of potential in-

and transporting materials, and sometimes of processing 
them afterwards. Very great difficulties may arise from 
the field conditions in which harvesting has to be done; 
but, generally speaking, crop harvest offers so many 
straightforward opportunities for the use of mechanisms 
that the limits of practical accomplishment are set far 
more often by economics than by lack of inventive in
genuity. Two nineteenth century inventions in this field~ 
the reaping machine and the threshing machine-ac
complished far more at one stroke towards reducing human 
toil than has been, or is likely to be, accomplished by any 
other agricultural invention. Yet because our immediate 
concern is improvement of yield, harvest aids are of only 
secondary importance. 

terest here. AIDS IN SOIL TILLAGE 

The purpose for which implement aids are used fall In the writer's considered view, to limit this discussion 
roughly into three groups: basic tillage, after-cultivations to manual or animal-drawn appliances is virtually to 
and crop harvest. What may be accomplished by im- decide in advance that, in a very big part of our problem, 
proved aids, and their importance, differs in each of these nothing can be done. To take manual appliances first: 
groups. Given a reasonably settled system of cultivation, there is no doubt that if primitive man-still accustomed 
soil tillage depends on the effective application of power, to scratch the surface of the earth with a fire-hardened 
whether this be manual, animal or mechanical. The stake-had suddenly been taught to use a spade, better 
result will be roughly proportional to the power-hours crop yields would have resulted immediately. But they 
usefully expended, and the purpose of any new aid either would have resulted from improved tecl:mique rather than 
to apply existing power more efficiently, or to enable some from any direct advantage in the spade itself; and, when 
more effective source of power to be used. Good tillage is men have learnt already to turn soil over, no correspond
so obviously essential to high production that the im- ing result will follow the use of improved, but still manual, 
portance of tillage aids needs no emphasis. appliances for turning it. Even if, as a means of converting 

By contrast, after-cultivations depend very little on muscular energy into mechanical work, the improved ap
power and very much on precision or discrimination. pliance were 100 per cent efficient, there would remain the 
They include tasks like seed-sowing in which the precision fact that the whole power-output of an average family can 
attainable with a simple mechanism may give better produce little more than is needed for their bare 
results than can ordinarily be accomplished by hand; as subsistence. 
well as some like plant-singling which are so dependent on Turning now to animal-drawn appliances, those which 
human discrimination that direct aids mav be virtuallv are used on smaller farms in Britain-as in most other 
impossible. Here the most effective aid may be one which countries in which farming methods are fairly well ad
reduces the need for discrimination without necessarily vanced-are the same in principle, and just as efficient 
attempting the actual task itself. Inadequate after- agriculturally, as those which larger farmers use with trac
cultivations are, directly or indirectly, a frequent cause of tors. They are too well known to call for discussion here; 
low crop yields so this group of purposes, too, is a poten- nor is there any good reason to suppose that very much 
tially important one. would result from efforts to improve them. But among 

By comparison with both the above, crop harvest is a those who use them there is one large section of unproduc
relatively straightforward business of collecting, loading tive small-scale farming in which it would seem that the 
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only way out of a vicious circle of bad husbandry will be 
to get rid of the work animal altogether. An example is 
the animal-worked farm of 10 to 15 acres, of which there 
are hundreds of thousands in Central Europe alone. These 
farms must grow low-grade crops to feed their work 
animals; and, in present circumstances, their whole pro
duction is barely sufficient for this, and for the mainte
nance on a low standard of the families concerned. There 
is no saleable surplus to cover the cost of fertilizers, better 
seed, or any of the things which might raise their farming 
standards: even the dung from the work animals has to be 
burnt as fuel. On such farms the level of production falls 
inevitably to something like that of the classical experi
mental plots at Rothamsted where no fertilizers have been 
applied, nor any improvements affected, for more than a 
century. If the present vicious circle of cause and effect 
could be broken, the productivity of these farms might 
easily be doubled; but on the equipment side the only 
obvious way of doing so is to use mechanical power. 

SMALL-SCALE MECHANICAL CULTIVATION 

WRIGHT 

furrows in a very few minutes. Any implement too heavy 
for direct haulage could, of course, be substituted for the 
plough while the winch did not interfere Vlith the normal 
working of the tractor Vlith lighter implements. 

Under test this outfit developed about 3 h.p. at the 
winch; and ploughed an acre of medium land 12 in. deep 
in twenty-three working hours. In similar conditions an 
ordinary tractor of 14 or 15 drawbar h.p. would plough 
an acre in about four hours; and, in Britain, would quite 
commonly undertake all the main work of a 100 to 200 
acre farm. A small outfit on the lines suggested might 
reasonably be expected to tackle the work of a 15 to 20 
acre holding. 

AFTER-CC'LTIVATION OF ROW CROPS 

If the small farms just considered were relieved of the 
need to grow hay and coarse grains for work animals there 
would be land and energies to spare for more remunera
tive crops. These might include potatoes, sugar beet, oil
bearing seeds or any of a number of others less familiar to 
British farmers. But with most of them, yields would 

Nearly 40 per cent of all the agricultural holdings in depend on the effectiveness of after-cultivations, and the 
Britain have less than 15 acres of land. But these small need for tools or methods to ease new demands on limited 
units are generally devoted not to ordinary farming but to hand labour would soon arise. The same need has been 
the semi-intensive gro¥.ring of fruit and vegetables, the felt in Britain particularly with crops like sugar beet which 
production of poultry and eggs, or some other similarly are so\vn in continuous rows but must afterwards be 
specialized enterprise. Their relatively valuable produce "singled" to leave plants at regular distances apart. Many 
enables them to buy modern equipment; and, for tillage, other crops, like carrots and sunflowers, need not be 
many of them use two-wheeled "walking" tractors. From singled but must be hoed by hand to check weeds in the 
the point of view of backward peasant farms, existing rows. In both cases weed growth between the rows is 
two-wheeled tractors are open to many objections. The controlled by multi-row steerage hoes which may be 
larger ones cost far too much, while smaller ones are only animal or tractor drawn, or tractor mounted. The weeds 
powerful enough for shallow work. Their attachments are must be cut off just below the surface: in the humid 
too numerous, too specialized, and too expensive both in- British climate most of them would grow again if they 
dividually and collectively. But the high cost of two- were merely disturbed by cultivator or harrow points. 
\Vheeled tractors and their multiplicity of attachments ;{o practicable machine exists either for singling or 
arise mainly from the fact that, hitherto, they have been hoeing in the rows because no machine can distinguish 
manufactured almost exclusively for limited and highly- between weeds and plants. Moreover, attempts to reduce 
specialized markets. If some means could be found to the singling problem by spaced drilling, cross hoeing, or 
enable low-powered models to undertake heavy work on the use of gapping machines, have all been open to the 
occasion their usefulness might be very greatly extended. objection that a full final plant population can only be 
Indeed it should then be feasible to design a simple outfit, ensured by sowing more seed than usual in the first place. 
with a minimum range of attachments universal enough The resulting "bunches" are then so thick that the task of 
to be widely used in peasant farming, which could be reducing them to single plants becomes a very intricate 
mass-produced at a cost comparable with that of animal- one. The nevver method is to sow less than normal, with 
drawn equipment. special precautions in both the preparation of the seed 

One means by which a low-powered tractor of this kind bed and the seed-sowing, to ensure full and uniform 
can undertake really heavy work has been worked out by nation. This gives a thin but reasonably regular row of 
the National Institute of Agricultural Engineering. A plants which can be singled quickly, using long-handled 
standard two-wheeled tractor, with reverse gear, was fitted hoes, with none of the slow toilsome work with bent backs 
with a front-mounted winch, with a clutch and chain drive normally required. 
from the engine. The winch drum carried about 100 yards The seed-bed preparation is a matter of timeliness and 
of Vlire rope Vlith a simple device for coiling it smoothly. good judgment rather than of special tools; the aim being 
The main novelty was that the implement-a deep dig- a firm bottom with a uniform tilth above, and a very level 
ging plough-was directly attached to the tractor exactly surface. The drills used for the seed-sowing are, however, 
as if for direct haulage. With the plough in work the rather different from those ordinarily used. The main 
tractor hauled itself by means of the rope towards an an- requirements are very narrow coulters arranged so that, 
chorage on the far headland; then with the plough raised, by individual depth wheels or similar means, a strictly 
the tractor ran back to the near headland in its own uniform depth of sowing can be maintained; with press 
reverse gear. A simple anchorage enabled seven or wheels behind which both push down the seed into the 
furrows to be ploughed in succession without re-setting and firm moist soil below, and cover it so that there is no need 
could then be moved for the ploughing of a new batch of for subsequent operations which would throw the seeds 
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out of line. Nothing special in the way of seeding mecha
nism is called for so long as, even with a thin seeding, any 
gaps in the seed row are rather shorter than the desired 
spacing between the plants. An ordinary fluted roller 
force-feed mechanism is good enough, although some kind 
of brush feed, which sweeps out the seeds through aper
tures of variable size, is more usual. Drills of this kind are 
made in units which can be adapted either for single row 
hand work on the smallest farm, or which can be mounted 
in multi-row outfits on two-wheeled tractors or the toolbars 
of larger ones. With multi-row arrangements there must 
be enough lateral rigidity to maintain a strictly constant 
width between the rows. 

Quite apart from the saving of seed which may itself be 
important, the results of working on these lines are quite 
far-reaching. First, as already described, the rate at which 
singling can be done with a limited labour force is very 
materially increased. Secondly, the narrow, regularly
spaced rows and uniform germination make very close 
side-hoeing possible as soon as the first plants appear. 
Finally, extensions of the general method can be used on 
occasion to control weed growth in the rows themselves. 
One instance arises with carrots for which in the ordinary 
way the optimum sowing depth is round about an inch. 
But if, as is possible with the equipment described, the 
seed is so-wn with precision, say, two inches deeper, the 
top two inches of soil can be pared off with horse or tractor 

hoes at the right moment (just after the seeds have 
sprouted) so that the plants finally emerge free of all im
mediate weed competition. A similar technique may also 
be used to get the seeds into moist soil lower down when 
the surface is so dry as to make germination uncertain. 

It should be pointed out that those who practise these 
methods are concerned not with the cost of labour but 
with the loss of yield that results from not having enough 
labour to get work done at the optimum time. With sugar 
beet, for example, it is known that every week's delay in 
singling (after the plants have reached the four-leaf stage) 
means the loss of about half a ton of roots per acre; while 
corresponding losses regularly arise where weed control is 
inadequate. 

CO~CLUSIOXS 

These two examples illustrate a point which seems to 
the writer to be important: that before new aids are 
suggested the needs to be met should be critically analysed. 
In the first instance, to give the small farmer better work 
animals-with larger appetites-would clearly only make 
matters worse. The second involves only very simple im
provements in tools and methods that have themselves 
been known and used for two centuries. Yet because 
those improvements are well-aimed they are closing gaps 
which mechanization generally has only emphasized. 

Simple Tools and Equipment for Small-Scale Farmingl 
J. BOURDELLE 

ABSTRACT 

Superiority of ploughing by throwing all the furrows in one direction (horse-drawn two-share-type plough) over 
ploughing with single-share ploughs. 

Superiority of ploughs with supporting front wheels (single-share horse-drawn type) over other types. 
Superiority of semi-cylindrical or cylindrical mould-boards in lighter soils-similar comments on disk-ploughs and 

disk-harrows. 
Conditions for the improvement of hand-hoeing in systems where the worker moves backward. 
No mention has been made of the special implements used in vineyards, such as the decavaillvnneuse2 plough 

and harrow. 

I shall start by making a general comment, because it 
seems strange to me that the attention of experts on agri
cultural machinery should be focussed, with a view to in
creasing production and improving world food conditions, 
on a detailed description of manual and horse-drawn im
plements. I should like to point out here that improved 
production to provide sufficient food for the masses, at a 
time when prices are declining and harvests increasing, 
can only be achieved by greater speeding in the work. If 
this remark implies, perhaps, reflections on bases of eco
nomic privilege, I feel bound to say that, if this study had 
been more logically ordered, it would have given greatest 
urgency to an investigation into mechanization and 
motorization of farm work. 

However, I shall deal now with the subject set. 
1 Original text: French. 
2 Special plough for ploughing in intervals between vines left 

untouched by ploughing between the rows. 

IMPROVEMENT OF AGRICl:LTCRAL IMPLE:VIENTS 

The improvements in the design and execution of equip
ment which have had the most favourable influence in 
raising the working efficiency of men and animals concern 
ploughing and other methods of tilling the soil. Within 
the scope of the subject as defined, ploughing relates usual
ly to draught-work by animals, labour being mostly em
ployed for the other methods of tilling the surface. How
ever, it should be pointed out that there are certain types 
of ploughs with light pulling fixtures and handles, and 
hence hand-operated. 

IMPROVEMENTS OF PLOUGHS AND DiiPLEMENTS FOR SOIL 

CULTIVATION 

Improvements as regards stability and effect on the soil 
The efficiency of both men and animals is in this case 

increased both by the type of ploughing done and by the 
relative lightening of the ploughman's task: the double-
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share ploughs used for the most satisfactory type of 
tillage throw all the furrows in one direction and produce 
a level and uniform soil-surface highly favourable to 
n gular drilling of seed and promoting as even a growth 
ol the crop as possible over the entire field. This means 
favourable conditions are created for an optimum harvest. 

The ploughs which provide maximum stability with 
animal traction (ploughs with supporting front wheels and 
transversal adjustment of the working parts on the axle) 
may fulfil only the second requisite, that of lightening the 
ploughman's steering. As this single-share plough only 
tuns over the earth on one side while proceeding along 
one furrow, it has to leave a furrow at the border, and a 
ridge at the centre, of each land. 

In this case, uniform sprouting and growth of the 
different plants in the field cannot be expected to take 
place, since drainage and physical change will clearly tend 
to occur in the dip of the open furrows, moreover, 
tf.e vegetation is quite different from and less developed 
tl.an that on the ridges. 

It should also be pointed out that in either case these 
w 1eel-ploughs, apart from their stability, require less ex
pi·nditure of energy than those of the wheelless ("swing") 
type, which are merely pulled through the ground. 

The single-share plough, (inapplicable to one-way 
ploughing) is also lighter than the two-share plough, 
which requires a second plough-frame for ploughing up 
the second furrow and turning the soil over on the same 
side as the first. From this point of view, quite apart from 
any considerations of improvements in crop-yield by 
means of this latter ploughing method, the single-share 
plough, when used for ploughing plots, offers a further 
means of lightening the work for the animals. 

It may be observed that, where single-share ploughs 
are used on good soil for shallow ploughing (where water
furrows offer less danger), real advantages from all points 
of view, both of soil management and speed, may be 
reaped. 

On shallow, wet soil, ploughed in narrow ridges or 
furrows, the best way of lightening the work as a whole is 
to use a plough with fore-carriage, where the beam of the 
machine rests on the axle of the wheels, though not at
tached to it by any rigid coupling; thus, on uneven, lumpy 
gruuilcl, the wheels automatically turn in the direction of 
least resistance, and at the best angle of the axle, and this 
in no way upsets the balance of the plough, which is kept 
straight by the handles. The work of the ploughman is 
lightened, but it is still fairly heavy. 

]r;;provement of the working parts and the implement proper 

The shape of the mould-board and of the plough-frame 
and the principle of the movement of the mould-board in 
relation to the soil, have, with the help of improvements 
based on experience, made possible a saving on the human 
eff•1rt (or the exertions of the animals, as the case may be) 
expended in ploughing. An important discovery was 
m:c.cle when it was found that the cylindrical or semi
cylindrical mould-board produced, for a smaller tractive 
effort (a saving up to 20 per cent), an equal and better
bn·ken-up area of ploughed land, on land up to a certain 
consistency (clay soils). 
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Furthermore, while the improvement and saving clue to 
the shape of the cylindrical mould-board are substantial 
on the lighter soils (such as the dry land in the South), the 
development assumes even scope in the heavier, 
wetter soils of other regions, the plough, instead of being 
drawn slowly, is drawn at a faster pace by a tractor. This 
observation, though beyond the scope of our subject, 
shows therefore that, as I said in my opening remarks, the 
approach to the question is wrong. As the question is put 
here we cannot deal with the continuity in such improve
ments, as the one mentioned, by means of mechanical 
devices other than those represented by men and animals. 

In addition to the cvlinclrical mould-board, there are 
other forms of constru~tion of the bodies of ploughs (or 
farming implements) which lighten the work while giving 
the same results (depth, breadth, or cross-section of the 
soil turned up). 

The feature of disk-ploughs, where the working parts in 
contact with the soil rotate (instead of slipping through 
the soil like ordinary mould-boards), is a lessened re
sistance to the forward movement much as 15 per cent 
to 30 per cent less); these advantages, like those mention
ed above, are noticeable chiefly in light, dry soils, and in 
the case of fairly shallow ploughing, whereas the cylin
drical mould-board, the good points of which were men
tioned before, allows of deeper ploughing (unlike the 
helicoidal mould-boards) if enough animals are used. On 
heavy clay soils the disk-plough loses many of its advan
tages. The principle of disk-ploughing does not only con
cern actual ploughing, but also frequently finds appli
cation on implements intermediate between the plough 
and the harrow, used for light and special ploughing 
(stubble-ploughing); in this sense disk implements would 
also be frequently usable in the cases of horse (or other 
animal) traction coming within the scope of the present 
paper. Disk-harrows can often be put to good use, al
though they do not always fulfil the work requirements of 
all other types of harrow; but when the work required is 
simply superficial breaking up of the soil on light or rather 
dry land, then there remains the advantage of lighter 
work, previously mentioned in references to stronger im
plements of the same type. 

IMPROVEMENTS IN LIGHT MANl'AL IMPLEMENTS 

The most noticeable lightening in agricultural work 
done by hand is related to the adaptation of the imple
ment to the worker. The implements concerned are usual
ly light tools for surface work (weeding or cultivating 
hoes). In the latter case particularly it has been possible 
to make the implement easier to use by man. The system 
involves adapting the shape of the tool to the of 
work to be done (multiple tools on a light framework, 
covering a gross width less than the total width of the 
space to be cultivated between ridges), suitable soil for the 
type of work and the shape of the tools, steady work and 
continuity of forward movement. The work, in fact, is 
light hoeing (not weeding), to break up the surface layers 
of the soil in order to avoid over-rapid evaporation from 
the layers immediately below; in view of man's slight 
capacity, this presupposes a loose, light soil, where the 
average physical power which can be developed can be 
applied steadily and not in fits and starts. 
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An essential importance attaches to the position of the 
human agent keeping the hoe in motion; it has been proved 
that the best results from hoeing between rows were ob
tained (with the least fatigue) when the worker moved 
backwards, with his body bent slightly in the direction of 
his progress. The implement should then be attached by 
some form of traction attachment, both to the belt of the 
worker and the framework bearing the hoeing imple
ments. The worker's arms are used only to steer the ap
paratus, and not to exert any effort. The traction attach
ment is fitted with a spring shock absorber at the point 
where it fastens, which further increases the effects of this 
continuous traction. Ringelman's measurements indicate 
that a tractive power of 4 kilogram-metres per second is 

developed, which is better than any of the results obtained 
from other working positions in hoeing. 

CONCLUSIONS 

These are the improvements which we think worth 
noting in the most arduous types of farm work. As regards 
other types of work, the use of harvesting machines, even 
on small farms, is well kno>vn. Similarly, the widespread 
use of machines for lifting root crops and tubers, and 
harvc.sting flax, and the general use of spreaders for farm 
manure, has admittedly lightened the work of man and of 
draught-animals; yet reservations must be expressed 
concerning machinery which has not reached perfection. 

Small Farms Machinery Problems, in the Light of Swedish 
Experience 

NILS BERGLUND 

ABSTRACT 

One of the greatest problems in agriculture is that of increasing working efficiency on small farms. In Sweden, the 
number of working hours expended in the production of a certain quantity of agricultural produce is twice as large on a 
farm of under 20 acres as on one of over 60 acres. The main reason for this is that the small farmer cannot afford to ac
quire as much machinery as the large farmer-each machine on a small farm is used for only a few hours each year, so 
the operating cost per hour is high. 

There are three ways of overcoming these difficulties, and use should be made of all three. 
Firstly, the size of farm may be increased through purchase or reclamation of more land. In Sweden, it is considered 

of primary importance that the farmers continue to own their land, or lease it on such terms that they may be sure of 
retaining the tenancy if they manage the land well. 

Secondly, one can increase the number and efficiency of small machines for smaller farms. This important possi
bility is limited, as manufacturing costs can seldom be reduced in proportion to the size of machine. 

Thirdly, each machine may be used on several neighbouring small farms. Two forms of "contracting" have thus 
been in use in Sweden for almost a century-in one form the machines are owned by a farmer or other "individual con
tractor", who works for others in return for payment. In the other form-the co-operative association-the machines are 
owned jointly by several farmers. 

Contracting has increased in significance as the need for machines has become greater; expansion of existing con
tracting enterprises during recent years has resulted in the formation of "machinery stations". 

The Swedish type of machinery station-which keeps machines to supplement those owned privately-must not be 
confused with that found in countries where the formation of collective estates has meant that the farmers cease to own 
the land, and where all machinery on each estate has been concentrated at one or more stations. The Swedish station 
takes firstly peak loads-e.g., those connected with spring cultivation and harvest-but also keeps many other machines, 
in particular those which would be uneconomical for individual farmers to acquire. A machinery station should be 
organized and run so that there is the minimum of compulsion, both for the station owner and for the farmers served, and 
should be suited to the needs of the local farmers. 

It is now possible for people wishing to start a machinery station or other contracting enterprise to apply for a 
Government loan or grant towards the purchase of machines. 

Rationalization of barn work must in the first place be achieved by making the buildings truly suitable for their 
purpose: of technical aids in this sphere, electricity is the one of special importance in Sweden. Roughly speaking, 
85 to 90 per cent of Swedish farms use electricity for lighting and household tasks, and it is used more and more also as 
motive power in the barn. 

In countries which have a highly developed commercial in agriculture, while at the present time only one-third 
life, the labour force engaged in agriculture has diminished is similarly occupied. The decrease is not only relative, 
during the past few decades, while that engaged in in- but also absolute. 
dustry and transport have increased; this has also been This decrease in the agricultural population has not, 
the case in Sweden. At the end of the last century, however, been followed by a decrease in agricultural 
two-thirds of the total population of Sweden was engaged production. On the contrary, production has increased 
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very considerably in Sweden, as in other countries with a 
highly-developed agricultural industry. The reasons for 
this increase are many: farmers now have access to grain 
v.:trieties which give higher yields, they have cows which 
produce more milk, they make extensive use of artificial 
fE·rtilizers etc.; but above all they apply more effective 
working methods, which in turn have been made possible 
by more and better machines. 

The considerable decrease in the agricultural population 
together with the simultaneous substantial increase in 
agricultural production, means that the individual in 
agriculture now produces much more per working hour 
than he did previously. This applies to Sweden's 
culture as a whole; the large and medium-sized farms 
have progressed further on the way to rationalization of 
labour, while the small farms have not yet come up to the 
average in this respect. 

In most countries, the greatest problem in connection 
with the mechanization of agriculture is how to increase 
working efficiency on smaller farms without involving too 
great expenditure. 

Short yearly use leads to high hourly operating costs 

BERGLUND 
·~------------~ 

sure of retaining the tenancy if they manage the farm well. 
All experience from those countries which have been able 
to develop in peace show that ownership of the land is in 
the end the most effective means of raising production, 
increasing the output of work, and creating contentment 
in and interest in the agricultural profession. 

Smaller machines for smaller farms 

Another step towards the more effective use of machines 
on small farms would be to manufacture more smaller and 
cheaper machines for use on these farms. The machinery 
manufacturers have been working towards this end for a 
hundred years, and are still doing so. As, however, the 
machines which are most labour-saving are as a rule also 
complicated, the number of shafts, bearings, gears etc. are 
usually much the same whether the machine is large or 
small, so the manufacturing costs are not reduced as much 
as one might imagine by reducing the size of the machine. 
Only when the small machine can be made in very large 
numbers can there by any question of reduction of 
manufacturing costs; even if this can be brought about, 
the small machine will still be more expensive than the 
large in relation to the work clone. This argument is not 
least applicable to that most important of all labour
saving machines, the tractor. Despite the fact that agricultural work is of a pro

nounceclly seasonal nature, made up of many different 
operations each of which is confined to a short period in Use of one and the same machine on several farms 
the year, the large and medium-sized farms can usually There is, however, a third wav in which the use of 
make good use of their machines so that the hourly oper- machinery on small farms can be rilade easier and 
ating costs are kept clo"'n to a reasonable level. The state -the expensive machines can be used on two or more 
of affairs on small farms is very different; on a Swedish farms in the same district. This is no new idea either-for 
farm with 20 acres of arable land for crop production, several hundred years in Sweden, farmers in the same 
each machine or implement (with the exception of the district have lent one another implements and horses and 
tractor) needs to be used for not more than 10, 15, or 20 generally helped one another with different jobs. When, 
hours each year. Such short yearly use leads to high in the 1880's, large threshing machines driven by steam 
operating costs per working hour. As a result of these engines came into more general use, the owners drove 
high operating costs, small farms have not generally been round and threshed on many small farms. Develop
able to afford more than a few labour-saving machines, ment in this direction continued during the 1900's, when 
which has meant that, relatively speaking, many more internal combustion began to replace steam 
working hours must be expended. In Swedish agriculture, engines. It was, however, when the number of tractors in 
the number of working hours expended in the production use increased greatly during the late 1920's and especially 
of a certain quantity of agricultural produce is twice as during the 1930's that these new forms of contract work 
large on a farm of under 20 acres as on one of over 60 with machines first became fairly general. 
acres. (This argument applies only to actual agricultural In this way, two forms of contracting with machinery 
production. That even the small farms in Sweden are have arisen in Sweden during the past seventy years. The 
nevertheless fairly well placed economically depends to a first form is operated by individual contractors, single 
not inconsiderable extent on the fact that the majority persons-farmers or specialist contractors--who own a 
have, in addition to the farm itself, forest or other work machine and with it carry out work for others, in return 
which gives them extra income.) for payment per hour, per acre or per ton. The other form 

As mechanization is such a great help and is so much is operated by co-operative machinery associations, in 
easier to carry out rationally on a medium-sized farm than which the machines are owned jointly by several farmers: 
on a small one, it must appear that the most effective although the machines are intended firstly to serve the 
method in the end would be to increase the size of farms. owners, such associations quite often carry out work for 
To a certain extent this has been taking place in Sweden other farmers who are not members. Both these forn1s of 
during the past ten to fifteen years, in such a way that contracting have existed side by side in Sweden for many 
when a small farm has been for sale, it has been purchased years, and there are now thousands of each type. The 
and incorporated with another small farm; extra ground majority are quite small enterprises, but there are also 
has also been acquired in other ways. This development is those which serve many farmers in their district; it is thus 
now encouraged by the Government, and special agencies not uncommon for the same tractor to be used on about 
have been set up to help the small farmers in putting twenty farms, while a large threshing machine with 
their farms on a sounder basis. It is particularly important auxiliary equipment may be used on about thirty. 
that the farmers continue to own their farms or, if they As the tractor is coming more and more into use, even 
are tenants, that-as is the case in Sweden-they can be on small farms, and as it is better for each tractor to have 
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only one driver, the present trend in Sweden is for in
dividual contractors to concentrate on contracting, and 
for co-operative associations to employ one or more ma
chinery operators. 

Pre-requisites for the individual contractor 

One requisite for the successful expansion of a con
tracting enterprise is that the contractor receives full 
payment, not only for his own work, but also for the 
cost of the machines. A risk which is frequently over
looked is that, after a few years, a machine may be used 
less than was at first expected, due to farmers in the dis
trict having bought several more machines of the same 
type. It is also important that the charges are suitably 
fixed, and that both the owner of the machine and the 
person for whom the work is being done take a business
like view of the whole enterprise. 

Pre-requisites for co-operative machinery associations 

A very large proportion of the small machinery as
sociations now in existence in Sweden are based on purely 
verbal agreement. This may be sufficient when only two 
or three people are concerned, and when only one or two 
machines are jointly owned by them. On the whole, 
however, experience has shown that a purely verbal 
agreement is very unsuitable as, after a few years, argu
ments can easily arise over just what was agreed upon in 
the beginning. A prerequisite for the continuation of the 
machinery association in this form without friction arising 
between the members is that it be based on a written 
agreement (set of rules between joint owners). Further it 
is important that the person chosen as manager shall have 
the confidence of all members and understand how to take 
care of the association's finances. Much also depends on 
the employment or choice of capable personnel to operate 
the machines. 

J!f achinery stations 

Both individual contractors and machinery associations 
usually start by acquiring only one tractor with imple
ments, one threshing machine etc. During the last two 
decades there has been a tendency for each enterprise to 
expand in step with the increased demand for mechanical 
work in agriculture. The range of equipment is therefore 
gradually added to by purchase of self-binders, sprayers 
for combating weeds and insect pests, different types of 
harvesting machines, and also circular saws, snow ploughs, 
etc., for work during the ·winter. In this way arises what 
is now commonly known in Sweden as a machinery station. 
A machinery station is thus not a new form of contracting, 
but only the name which is applied when a contracting 
enterprise has grown to such proportions that it takes on 
the character of a station for farmers in the district. If 
such a machinery station maintains sufficient machines 
and implements, the farmers in the district can apply there 
when they want urgent work-such as harrowing or 
harvesting-carried out more quickly than would be 
possible with their own machinery resources, or when they 
lack the machinery necessary for certain work. In this 
manner there have arisen, during the past few years, 
machinery stations each with two, three, or four (in ex
ceptional cases up to ten or more) tractors with a full 
range of implements and machines. The size of the 

I !! J 

station must naturally be suited to the needs of the 
district. 

A special form of such contracting is the operation of 
machines for the removal of stones and boulders. This 
work has attained very large proportions during the last 
few years, as the removal of large stones from arable 
fields is a prerequisite for the most advantageous use of 
tractors. These remarks also apply to a certain extent to 
trench digging machines. These machines for land clearing 
and drainage are operated mostly by individual con
tractors. 

Anyone starting a machinery station, whether it be an 
individual or an association, runs the risk that the demand 
for machines from the station may not be so great in the 
future as was expected from the beginning, due to local 
farmers having purchased their own tractors and other 
machines. In exceptional cases, this drawback is over
come by drawing up an agreement, in which the farmer 
promises to make use of the station's machines every 
year; it however, best if this way out can be avoided. 
The machiPery station should preferably be so organized 
and the enterprise run in such a manner that there is as 
little compulsion as possible both for the person who owns 
the station and for the farmer who makes use of the 
facilities offered by it. In other words, the business should 
be flexible and allow of adaptation from time to time to 
satisfy the farmers' machinery requirements. If a ma
chinery station or a small-scale contracting enterprise is to 
be operated to the best advantage, it should be built up 
and run on sound business lines. The farmer should be 
free to hire a certain machine when he considers it to his 
advantage to do so, and should not be compelled to take 
it because he once promised to hire it for a given minimum 
period every year. The owner of the machinery station 
should preferably also have complete freedom to run the 
enterprise so that it gives him a reasonable margin of 
profit. 

The best way of forming a machinery station is usually 
for a suitable individual or association with previous ex
perience of contract work to gradually enlarge his or their 
enterprise as the need for further machines becomes 
apparent; in this way full use is made of that experience 
which has already been gained. 

The machinerv stations which are discussed here must 
not be confused ~ith the type of machinery station which 
has been set up in certain other countries, where the 
farmers have been deprived of the ownership of the land. 
In the latter case, the small farms have been thrown to
gether into large collective estates, and all machinery 
resources have been concentrated at one or more stations. 
The resources available at the type of machinery station 
which is to be found in Sweden, on the other hand, are 
purely complementary to those availabte on the individual 
farms. The station takes firstly the peak loads which 
occur in conjunction with spring cultivations and harvest 
but, as has already been mentioned, also purchases various 
special machines which are too expensive or otherwise 
unsuitable for acquisition by the individual farmer. 

The establishment or expansion of a machinery station 
can often be hindered by a lack of capital, especially if the 
farms to be served are small. Since 1938, therefore, the 
Swedish Government has given assistance in this direction, 
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ttrough the medium of a special machinery loan fund 
which was set up in that year. 

fVork in the dwelling hMtse and in the barn 

The above-mentioned individual contractors and ma
uinery associations help the farmers mainly with field 
\\ ork, although they sometimes come to the farmers' 
a'sistance by carrying out transport work and other 
miscellaneous tasks outside the buildings. On both large 
a:1d small farms, it is usually up to the farmer himself to 
rationalize the work in the barn and in the dwelling house. 
The measures which are perhaps most effective in this 
rationalization are the alteration of buildings to make 
tl1em more suitable for their purpose and the reorgani
zation of labour methods; the most important factor from 
tile technical point of view is access to a supply of electri
city. Roughly speaking, between 85 and 90 per cent of all 
Swedish farms are now electrified; the proportion is some-

Mechanization for Farming 

E. A. HARDY 

HARDY 

what less in isolated districts, while in the true agri
cultural districts, 90 to 100 per cent of the farms have 
electricity. Although these figures relate primarily to 
electric lighting, the majority of Swedish farms make 
more and more use of electricity for motors, food prepa
ration, water supply, .water heating, and many other 
tasks; this is apparent from the fact that the consumption 
of electricity per farm on those farms which have been 
electrified for twenty years has been tripled during that 
period. 

There is nevertheless scope for collective measures for 
lightening the burden of household work; for example, a 
large number of collective laundries---organized either as 
associations or by the community-have come into 
existence in Sweden. These laundries are equipped with 
all the latest devices, and the farmer's wife can go there 
either to do her O\'v'Il laundering or to have it done by the 
laundry staff. 

ABSTRACT 

Agricultural science and the development of the fundamentals of farming have been influenced by the use of power 
and machinery. Man has pioneered the agricultural lands of the world. Mechanization has been a factor in cutting the 
forest and breaking the sod. Mechanization has been responsible for the greatest misuse of natural resources in agri
culture the world has ever experienced. Mechanization has accelerated food production at the expense of natural soil 
resources. Mechanization and agricultural science, however, are valuable tools in the hand of man to convert and stabil
ize land and agricultural production and assist in establishing scientific fundamental farming throughout the world. 
Power and machinery have been developed to assist man in doing the heavy work involved in agriculture. Power and 
machinery have a part in the timeliness of agricultural operations for most effective results when properly managed. 
Machines have been developed which make it possible to return crop refuses to the land which is a valuable practice in 
conserving the soil and its fertility. 

Mechanization has released both land and man-power for other productive fields. Mechanization has reduced the 
labour and drudgery of farm work in the production of food. Mechanization in mixed farming has caused mixed farming 
and the production of animal products to extend into areas of the world where such products are essential to balance the 
market demands for food. 

The fundamentals of farming for permanent agriculture involve all the crops of the world. The production of crops 
requires man-hours, power, machinery and elements from the soil. Mechanization as a tool of man, applied scientifically 
to the soil and crop, will make food production possible without depleting the soil resources of the world. 

Farming, throughout the world, has become more of fundamentals of conservation and stabilization of land 
scientific because of mechanization. Man has used power and agricultural production. 
and machinery as his aid to work the soil and process all Mechanization during the last of the nineteenth century 
products of the soil most effectively as he has been guided and the early twentieth century provided power and 
through science and experience. machinery for the last movement of man in pioneer-

The lands of the world have in the past been protected ing and settling in new lands. Mechanization has been 
from the ravages of climate by nature through grass and responsible for the greatest misuse of natural resources in 
tree coverings. }1an with tools and power has been agriculture the world has ever experienced. Mechanization 
ch;tnging the natural cover of the land for his own use. and science, however, are valuable tools in the hand of 
The changes have in many instances been destructive. man to convert and stabilize land and agricultural pro
History, in revealing the land changes in agriculture, has duction and assist in establishing scientific fundamental 
recorded the mistakes of man's treatment of the soil and agriculture throughout the world. 
soil covering. The problems of land preservation have Mechanization has released many people from producing 
contributed to agricultural science. Agricultural research food and fibre to other uses in the economy of the world. 
and science have revealed to man the fundamentals of Mechanization has lightened the physical load of the 
farming. Experience has clearly shown the limitations of farmer and increased the efficiency of the farmer. The 
land and climate. Man has mined the soil and exploited expansion of industry and the balancing of world economy 
its fertility until the need for food has forced the discovery has placed farming on an economically sound basis where 
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agriculture can pay for mechanization through increased 
efficiency in production. 

Mechanization has expanded in direct proportion to the 
agricultural economy of the world. The development of 
the gasoline and diesel engines and the electric motor as 
machines to produce power for farming has been costly. 
The need and inflation associated with the two world wars 
of the twentieth century stimulated the development of 
the farm tractor and the electric motor with extensive 
expansion in electrical service throughout all agricultural 
countries of the world. 

The development of the farm tractor from the large 
slow-moving machine to the small high speed and efficient 
rubber-tyred or crawler mounted tractor, has provided the 
farmer with efficient power to use tools specially designed 
for the soil, climate, and type of agriculture found in any 
part of the world. 

RURAL ELECTRIFICATIO); 

Early experience with the farm tractor as a power unit 
for the varied needs in mixed farming pointed the way 
toward the greater use of electrical power. Electric 
motors have proven their worth in industry, and for all 
agricultural areas where mixed farming is sufficiently dense 
to support electric power economically, the electric motor 
has provided more convenient and more economical power 
than either the gasoline or diesel engine power units. 

FARM POWER UNITS 

Early experience with the farm tractor as a field ma
chine to supply power for machines used in the production 
and processing of agricultural crops directed the develop
ment of two general types of tractors, the heavy duty 
tractor and the general purpose row-crop type of tractor. 
Farming throughout the world has many varied demands 
for power, the horse and mule, the heavy duty tractor, the 
row-crop tractor, the electric motor and the truck, powered 
with a gasoline or diesel engine. The motor truck was 
the much needed power unit to complete the mechaniza
tion of agricultural production and processing of agri
cultural products. Since 1920 the motor truck has rapidly 
become an essential farm machine associated with seeding, 
haying, harvesting and marketing operations of the farm. 

Tractor power has replaced the horse or mule without 
affecting the fundamentals of farming. The heavy duty 
or row-crop tractor equipped with lights has made "round 
the clock" operation of twenty-four hours per day possible 
where necessary or advisable for timely use of machinery. 
Tractor power has released large areas from the pro
duction of feed for power to the production of feed for 
livestock food products or other crops. The production of 
tractor power since the last world war has broken all 
records and will be able to meet the demands of all agri
cultural countries in the near future. 

Fuel for the internal combustion engine has been in 
short supply. However, new petroleum fields are being 
developed with more than anticipated results. Petroleum 
fuels of both high and low volatile grades will be available. 
Synthetic fuels from coal and wood as well as gas, such as 
butane, propane, and producer-gas, are available for the 
the internal combustion engine in various parts of the 
world. Power alcohol from agricultural waste products is 

available for blending in the formation of tractor fuels. 
The world's supply of fuel for the internal combustion 
engine indicates that mechanization with the internal 
combustion engine for farming is based upon the avail
ability of fuel for power. 

FARM :MACHINERY 

Agricultural science has directed the design and con
struction of machinery for use upon the land. Tillage 
machinery is associated with the soil, the cropping 
methods, the availability of moisture, and climatic con
ditions. Many soils must be drained when tilled to reduce 
the moisture content of the soil for crop production, while 
soils in semi-arid or arid areas must be tilled as little as 
possible to conserve moistUie, control the weeds and 
provide a seedbed for crop production. 

DRAINAGE 

Surface and sub-surface drainage has been developed to 
a high degree for wet agricultural lands. Power and ma
chinery specially designed for drainage of wet land are 
speeding the conditioning of vast areas of new land for 
crop production. Where land is suitable for growing 
specialized crops of high value, pumping for drainage is 
economical. In many areas in the world where cheap 
power is available, pumping for drainage has been de
veloped to a high degree. Its application is one of economies 
where the agricultural food products are of sufficient value 
that the cost of pumping may not be out of order. 

IRRIGATION 

In semi-arid or arid areas, or areas where critical drv 
periods exist, irrigation is essential for most efficient crop 
production. The fundamentals of irrigation have been 
developed over the centuries. As more land is needed and 
the demand for food is high, water for irrigation will be 
found. Mechanization has made moving of mountains 
and the redirection of great rivers possible where water 
for irrigation is necessary. Efficient power and pumps for 
pumping water for irrigation has increased the water 
available for crop production. Water, the natural resource 
of every country in the world, will be classified and used 
where feasible to irrigate land for the production of crops. 

TILLAGE :'.fACHINERY 

The science of land tillage has associated soil, soil 
structure and its conservation, moisture, temperature, 
weed and insect control with that of cropping methods. 
Where power and machinery is available, the most effec
tive soil treatment for any soil, crop, and climatic con
dition is possible. 

The plough has been considered one of the fundamental 
implements in farming. Ploughing is one of the most ex
pensive tillage operations in farming. Scientific research 
has shown that ploughing is not necessary for crop pro-
duction in vast areas of semi-arid grain lands. Ploughing is 
necessarv, however, in the more humid areas where weed 
growth is dense and rapid, and where tillage is necessary 
to aerate the soil to stimulate soil heating and soil drain
age. Ploughing is also necessary to break new lands, 
plough under green manure and grass in crop rotations. 
Ploughing is required to break up hard subsoils, soils con-
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:aining accumulated salts from leaching, and also soils 
which are never exposed to the action of the frost. 

Disk machines such as the one-way disk and the disker, 
he field cultivators such as duck-foot cultivators and 

hlade cultivators, have provided shallow surface tillage 
much more suitable in dry land farming than the plough. 
Surface tillage machines conserve a good deal of moisture 
1or crop production and leave crop residues such as stubble 
on the surface of the soil for soil protection against wind 
and water erosion. Surface tillage machinery requires 
considerably less power per acre for tillage than the plough 
and increases the area covered per power unit, thus raising 
lhe efficiency of man and the operation. 

TILLAGE FOR SOIL CONSERVATION 

Soils have been destroyed by excessive tillage associated 
with torrential rainfall. Power and machinery applied to 
such lands scientifically will minimize the loss from erosion 
~o that lands may be retained permanently in production. 
Contour farming, and semi-contour farming with 
proper crop rotation and grassing has been proven to 
l'fOVide efficient crop production. In areas of high rainfall, 
careful field surveys are required with the construction of 
terraces and contour strip properly designed for the con
trol of heavy rainfall. Great care must be taken in areas 
where crops are grown in rows to prevent water erosion of 
the soil in the intertilled rows. 

In small grain areas the use of surface tillage and con
servation of crop residues in the form of stubble or trash 
cover protects the soil from water erosion and also returns 
crop residues into the land. Surface tillage with stubble 
and trash cover is particularly important in areas where 
summer fallow is necessary and dry hot winds are hazard
ous to the stability of the soil. Shallow surface tillage with 
minimum pulverization providing a trash cover will mini
mize soil drifting from the wind. Where the soil is parti
cularly susceptible to blowing and excessively dry weather 
persists, strip farming has proven to be effective. Strips 
varying from a few rods to 50 rods wide, depending upon 
the soil, its topography, and climatic conditions, have 
become proven methods of soil conservation from wind 
erosion. 

Scientific research has proven that in semi-arid regions 
all crop refuse such as stubble must be conserved and that 
it may be decomposed when on or near the surface in such 
soils. Bacterial activity, soil moisture and soil temperature 
are most ideal for the decomposition of stubble and crop 
n:sidues on or near the surface of the soil. 

SOIL FERTILITY 

Power and machinery have provided the means of 
spreading manure and minerals on the land. Fertilizers 
a:,sociated with the seed are placed in the quantity most 
suited for crop production in all of the agricultural areas 
of the world. Green manures and legume crops as a part 
of crop rotation in land rebuilding, are particularly 
valuable. Soil fertility and crop production are essential 
tc• efficient and permanent agriculture. 

SEEDING AND PLANTING MACHINERY 

HARDY 

seeding grain in grain-growing areas and planters of 
various types for planting intertilled row crops. 

Seeding machinery for grain consists of horse and power 
operated machines of sizes to suit the agricultural area. 
Small seeding machines in the mixed farming areas and 
large seeding machines suitable for single operation or in 
combinations of two or three in large grain-growing areas, 
combination seeding and tillage machines such as the one
way disk and seeder box, have been developed for the 
semi-arid grain-growing areas. Press drills of standard 
design are used in the lighter soil areas. All power seeders 
and drills are fitted with a power lift and the more modern 
drills with rubber tyres. 

Planting machinery has been refined and designed for 
power. Specialized machines such as sugar-beet planters 
have been developed particularly to mechanize the pro
duction of the sugar-beet or other specialized crops. 

2\fACHINES FOR WEED CONTROL 

Mechanization of row-crop production has brought 
about the development of row-crop cultivators to suit the 
planting machinery. Also, weeders and the rotary hoe 
have been developed to be used with the tractor. The 
development of herbicides for weed control has also 
brought about dusters and sprayers for the application of 
2,4-D and other herbicides and insecticides. Flame culti
vators have been developed to control weeds with fire. 
Many new machines are associated \vith specialized crops 
to more effectively use power and reduce manual labour 
in producing the crop. 

HAYING MACHINERY 

Haymaking hasonlyrecentlybeen mechanized to speed 
up the process of making hay, improve the quality 
of the hav, and relieve the farmer of much manual labour. 
Hay is particularly valuable as a soil protective crop. 
Soil seeded down periodically to grass gains in humus and 
offers protection to the soil from water erosion. Rolling 
land subject to erosion may be protected by farming on 
the contour with buffer strips of hay seeded on the 
irregular areas between the cultivated strips. 

The power mower, side delivery rake, with the power 
sweep and stacker, stacks hay with the minimum of 
labour. Where the hay is to be baled, the pick-up baler 
picks up the hay from the windrow, bales the hay, and 
delivers it onto a trailing rack. Baled hay conveyors are 
used to elevate the bales onto the stack or into the barn. 
Where cut hay is desired, the pick-up field cutter delivers 
chopped hay into large racks where it is conveyed to 
the blower at the barn and blown into the barn. Barn 
curing of hay has been developed to shorten the time 
required for curing hay with the improvement of the 
quality. Barn curing of hay is particularly valuable in 
areas where rainfall is high with a limited sunshine. 
Mechanization of haymaking has reduced the man-hours 
required per ton of good quality hay and has reduced the 
drudgery for the farmer. The feeding value of hay has 
been improved by mechanization making timely opera
tions of haymaking possible .. Mechanization of hay-

Seeding and planting machinery consists primarily of making will increase the use of hay as a soil building and 
tv·o types of machines, the seed drills and broadcasters for conservation crop. 
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HARVESTING :MACHINERY 

Harvesting machinery has been developed for small 
grain such as corn, cotton, potatoes, beets and many other 
crops for the purpose of reducing the labour for each of the 
crops, increasing the quality of the crop harvested and 
reducing the hazards associated with the harvest of the 
crop. 

Grain-harvesting machinery 

The twine binder was a great labour-saving machine 
over that of the reaper. However, many attempts to 
mechanize the binder by the design of a self-stooking or 
shocking machine failed. Loaders were built to reduce the 
labour of threshing. Barges and loader racks were used to 
advantage in conveying the grain to the thresher. How
ever, the use of the threshing machine required seasonal 
labour. Seasonal labour was not always available, forcing 
the use of power sweeps and long delays in threshing which 
caused high losses in grain. 

The combine harvester with the windrower or swather 
has been adopted not only in the vast grain areas of the 
world but also in the mixed farming areas wherever small 
grain is a part of the crop rotation. The small engine
driven or power take-off driven combine has mechanized 
the harvest of grain on the small mixed farm so that ad
ditional labour is frequently not required. Considerable 
saving of grain and equal quality results when compared 
to harvesting with the binder and threshing machine. 

Straw-saving devices as well as the pick-up baler gathers 
straw for livestock use leaving the remainder of the straw 
spread to be returned to the land as a soil-building residue. 

Great progress has been made by the plant breeder in 
selecting and propagating cereals which are particularly 
suited for harvesting with the combine. The combines in 
the vast grain-grov-ving areas are larger power take-off 
driven, engine-driven or self-propelled machines, one-man 
and two-men machines. The truck associated with the 
combine to transport the grain to storage completes the 
mechanization of the harvest. Grain-handling equipment 
of high capacity is used for loading and unloading grain in 
farm storage where local elevators or warehouses handle 
the bulk or bagged grain for shipment. 

The mobility of combines and trucks has stimulated 
custom harvesting and the harvest caravan from one grain 
area to another, thus extending the use of the combine and 
reducing the cost per unit. Mechanization of grain har
vesting with the use of the combine returns practically all 
of the straw to the land, which as a trash cover and also as 
an ingredient of the soil will tend to resist soil erosion bv 
the wind or water. " 

Corn-harvesting machinery 

Mechanization of the corn harvest has been of long 
duration. Corn-harvesting machinery such as the corn
binder and picker were invented during the latter part of 
the nineteenth century. They were not used extensively 
until the First World \Var increased the agricultural prices 
and caused a shortage of labour. 

The corn-binder was associated with the dairv industry 
in preparing corn for silage. The ensilage cutter completed 
the processing of corn silage. The field ensilage cutter with 

the forage blower has taken the place of the corn-binder 
and ensilage cutter with a great reduction in labour and 
hard work. 

Corn was picked by hand and still is in manv areas until 
the labour shortage of the war. Corn pickers ~f single and 
double row were refined and power driven. Corn-handling 
elevators and dumps complete the mechanization of the 
crop to the crib. Power shellers with feeders extending 
under the crib, convev and shell the corn so that shelled 
corn can either be fed to livestock or marketed. 

Mechanization of the corn crop harvest has reduced the 
labour for the harvest materially, thus reducing the need 
for seasonal labour in handling the corn crop. Corn stalks 
are valuable when cut up and worked back into the land. 
Corn stalk cutters and sharp disks are valuable in cutting 
the corn stalks into short pieces which will not interfere 
with the next year's crop and will provide protection for 
the soil against erosion. 

Beet-harvesting machinery 

Sugar-beet harvesting is being mechanized more rapidly 
than the grain, corn or cotton harvest. Lifting, topping 
and loading sugar-beets has been laborious hand labour 
requiring many seasonal harvest hands. The one-man beet 
harvester has been the goal of beet-harvest mechanization. 
Beets can then be lifted, topped, cleaned of dirt, and 
loaded into trucks and the loader for shipment without 
hand labour. 

Where the beets are windrowed, beet loaders are 
developed to pick up the beets without the dirt or stone 
and load the trucks for shipment. Beet tops are conserved 
as feed for livestock where the harvest is most efficient. 

Beet-harvesting machines at present show much promise 
of complete mechanization with a great saving of labour .. 

Potato-harvesting machinery 

The potato harvest has been mechanized with the dig
ger, grader and bagger only being used by commercial 
growers. Many variations of potato-harvesting machinery 
are used depending upon the family labour available and 
the size of the potato crop. 

lVIechanization will reduce the need of seasonal labour 
and hard work. 

Cotton-harvesting machinery 

Cotton has been a difficult crop to harvest mechanically 
because of the nature of the plant. Cotton ripens over a 
long period of time, usually requiring more than one 
picking. Cotton is produced by a plant with heavy 
foliage. The foliage interferes with mechanical picking 
and fouls the cotton. Plant breeders are making progress 
in the development of cotton more suitable to mechanical 
harvesting. Machines are designed to defoliate the plants 
before picking. Cotton pickers of several designs are 
successful in picking defoliated cotton which is suitable 
for mechanical picking. The labour requirements in the 
production and harvest of cotton have not been reduced 
proportionally to other major crops. The organization and 
lifeofthecottongrowers have been planned to care for the 
varying labour demands, reducing to some extent the need 
for complete mechanization. 
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:IIECHA::-JIZATIOK OF MIXED FAR?vii)[G 

The labour involved in milking cows, feeding hogs, 
~attle and sheep is being reduced through mechanization. 
The electrification of the dairy industry providing power 
for milking, milk cooling, grinding and mixing of con
centrates and the use of the farm tractor with hydraulic 
controlled manure loader, reduces the drudgery of the 
dairy and the labour required. 

Self-feeders with power for processing and handling 
feed for hogs, cattle and sheep mechanizes the feeding, 
reducing labour while maintaining the same quality of 
product. 

Mechanization of mixed farming tends to stabilize agri
cultural production, providing a greater variety of agri-

'CASHMORE 

cultural products, which reduces marketing difficulties 
caused by surplus, and finally reduces the seasonal demand 
for transient labour. 

Mechanization of mixed farming will tend to extend 
mixed farming into areas where animal products are much 
needed to balance the market demands for food and also 
provide animal refuse much needed by the soil as a fer
tilizer and source of humus. 

It has been impossible to discuss the mechanized pro
duction of all crops in detail. However, man with a 
fundamental understanding of farming and with the as
sistance of power and machinery can produce food with 
minimum effort without depleting the soil resources of the 
world. 

The Effect of Mechanization on Soil Conservation and 

Farm Technique in Britain 

W. H. CASHMORE 

ABSTRACT 

Mechanization has progressed very rapidly in Britain since 1939, and at the present time farmers are taking stock of 
their resources. 

There has been a tendency to deplete the humus content of the soil, and it will be necessary to modify techniques 
to build up fertility. 

Most farms are now well equipped with machinery, but some extra specialized implements will be necessary to over
come some of the gaps and to make it possible to increase the produce per acre and so justify the capital absorbed in 
mechanization. 

Rotation grasses will play a more important part in the future, and grass drying, silage, and the production of higher 
quality hay will all play a part in conservation. 

Efforts are being made to include the collection of tops in the general scheme for mechanizing sugar-beet harvesting. 
Other problems receiving attention are the disposal of straw from combine harvesters so that the combine system 

can be fitted into British agriculture and overhead irrigation for specialized farm and market garden crops. 

The rapid increase in the number of tractors in Britain land was only slightly increased, it was necessary to 
from 1939 onwards is a sound measure of the strides made operate machinery for more hours per week. 
in mechanization. In 1939 there were 52,000 tractors in This all-out effort was not achieved without some basic 
use, while at the present time the number stands at over changes in agricultural practice, including: 
250,000. As a general rule extra ploughs, cultivators, seed 
drills and general equipment have been acquired in similar L A modified, and sometimes unplanned, rotation 
proportions although in recent years there has been a with the acreage of cereals higher than normal, as well as 
marked increase in the use of light tractors for farm an increased proportion of potatoes and sugar-beet. 
transport only. 2. A decreased animal population, with horses replaced 

During the war the production of home-grown human by tractors; beef cattle reduced because of shortage of 
food in Britain was raised from 35 to 40 per cent of the foodstuffs; and the number of sheep decreased by labour 
total food required to approximately 75 per cent. At the difficulties, and by the severe winter of 1946-1947. 
same time extra animal feeding stuffs were grown, in an At the present time the British farmer finds himself 
attempt to balance the yearly total import loss of over with a large amount of capital in machinery and im-
8 million tons. To attain this war-time target, the cost of plements, and a reduced humus content of the soil which 
production was placed second to the amount grown. Some cannot be corrected by artificial means. Soil erosion al-
7,j per cent of the extra machinery necessary was manu- though generally unimportant because of the uniform 
factured in Britain, and because production was pushed to rainfall and absence of sudden storms, has appeared in 
the exclusion of development work, many of the British isolated cases following the large-scale ploughing up of 
models used were not up to date. In numerous cases the grassland. 
equipment could not be allocated to suit ideally the On the other hand, wind erosion has become more of a 
particular conditions, and because the total labour on the problem on certain of the light soils where hedgerows, 
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trees etc. have been removed to assist large-scale mechani
zation. 

The capital invested in machinery has risen from £5 to 
£15 per acre, but some of the implements are not entirely 
suitable for the particular farm, or related to the tractor 
with which they are worked. Some readjustment of equip
ment is necessary, but when this is settled, the problem 
will be to make full use of the greater power available on 
the farm. 

For the past few years more attention has been given to 
specialized machinery calculated to eliminate peaks in 
labour demand which can no longer be met by prisoner-of
war labour. If mechanization is to be maintained at its 
prevent level it will be necessary to dispense with casual 
labour and to improve the quality and yield per acre. 

The sugar-beet crop is being examined for possible im
provements in technique. Apart from its obvious value in 
supplying an essential human food commodity, its culti
vation assists the cleaning of land; it yields dry pulp--a 
valuable feed for dairy cows, and more recently attention 
has been given to the feeding value of beet tops. The tops 
and crown average over 8 tons per acre. To a limited 
extent sheep have been folded on the field after lifting, but 
generally the method of harvesting employed resulted in 
soil being mixed with the tops, so that they were only 
suitable for ploughing in. The National Institute of Agri
cultural Engineering has developed a topper-picker unit 
that satisfactorily tops beets and transfers the tops to an 
elevator (1) 1 • One feature of this component, which makes 
it very suitable for stock farms, is that the tops are free 
from soil when lifted. It would be possible to incorporate 
this device into existing mechanical beet harvesters, or 
alternatively, to produce a topper cutter loader as an im
plement attached to the tractor. 

It has been shown on an experimental scale that sugar
beet tops can be dried in a grass drier of the high tempera
ture type, and that a dried product containing over 16 
per cent protein with a carotene value of 200 milligrammes 
per kilo can be produced. The tops and crowns must be 
shredded before they enter the drier, and a shredder based 
on German practice has been developed for this purpose. 

The future of the beet crop in British agriculture might 
well depend on the provision of a mechanical means of 
cutting and collecting tops, as well as on a mechanical 
lifter and cleaner within the means of the farmer with a 
moderate acreage. The sugar-beet crop in Britain is 
regarded as important from the point of view of main
taining fertility. 

Grass conservation is another matter now receiving 
attention. The climate in Britain is very favourable to the 
growth of grass and the increase in the acreage of rotation 
grasses has resulted in a greater proportion of heavier 
crops of higher nutritive value. Hay yields of 45 cwt. per 
acre are quite common with good rotation grasses. 

.Manufacturers have given attention to the development 
of haymaking machinery capable of turning and wind
rowing effectively the heavy swaths, but in most seasons a 
fair proportion of the hay crop is lost through inclement 
weather. It has been shown that pick-up balers can be 

1 ~umbers within parentheses refer to items in the bibliography. 

used to "save" hay at a slightly greener stage than is safe 
for stacking (2), and so reduce the risks of bad weather. 
This technique is being advocated to the full for hay
making where the acreage justifies the initial cost of a 
pick-up baler. Apart from the system of field baling, there 
is a growing tendency towards the practice of breaking up 
the swath soon after cutting, to speed up the rate of 
drying, making fuller use of windrows, and also to extend the 
"pike" system, or even the use of tripods, to some of the 
so-called dry districts. It is now realized that the nutritive 
value of hay is far more important than a low cost of 
production. 

Some 100,000 tons of dried grass were produced in 1948 
and it is expected that this will be raised to 500,000 tons by 
1951. At the present time extensive investigations a~e 
being made to determine the right types of drier for British 
conditions. It seems likely that the more specialized in
stallations will be operated on a factory scale to produce 
high quality material, while low priced small capacity 
driers will be used to produce super quality hay. 

One factory scale drier with a throughput of about 20 
cwt.-hours has been operated in the Norfolk fens. A dry 
product containing over 23 per cent crude protein has been 
produced, and with properly planned varieties of rotational 
grasses it seems such a plant would produce 3,000 to 
4,000 tons of dried grass a year from 1,000 acres. Grass 
drying can be effective in any part of the country, but it is 
particularly important to the cropping problem in the 
reclaimed Fen district of Norfolk. The dried grass meal 
produced would be marketed for use in other parts of the 
country because that part of Norfolk is not a cattle feeding 
district. Rotation grasses would offer a solution to the 
wind erosion problem in these areas because although the 
soil conditions are suitable for potatoes and sugar-beet, 
barley is liable to be affected by "blowing". 

Recent improvements in green crop machinery make 
ensilage a more attractive practice than it was a few vears 
ago. Some of the collecting machinery is common to ~ilage 
making, grass drying and haymaking, the three processes 
being regarded as complementary rather than as alter
natives. 

With the advantages offered by modern equipment, 
there is no reason why rotation grasses should not be one 
of the means of increasing the animal food supply, and at 
the same time, maintaining the humus content at the 
necessary level for high fertility. 

The peak labour demand in cereal harvesting is being 
removed by a change over to the combined harvester
thresher. In 1939 about 150 combines were employed but 
by the 1948 harvest it had risen to 6, 900; harvesting over 
700,000 acres of cereals. The machines have been modified 
to give a greater threshing and separation capacity for a 
given width of cutter bar, so that a greater volume of 
straw can be handled, but the disposal of the straw has 
been one of the main problems to be solved in fitting the 
combine into British farming. 

A survey made by the National Institute of Agricultural 
Engineering in 1945 showed that 13 per cent of combined 
straw was burnt in the field, and 34 per cent ploughed in. 
Many of the farmers who burnt their straw did so because 
of the difficulty experienced in ploughing it in. There are 
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two distinct methods of overcoming this difficulty; either 
tt1e straw can be broken up and spread out in a form which 
v.ill not interfere with ploughing, or the plough can be 
nodified to allow it to deal satisfactorily with long straw. 

Forage harvesters with pick-up attachments and straw 
chopping attachments placed on the rear of combines have 
both been used effectively, but the former is only ap
rlicable to large farms and the latter is cumbersome and 
t:nds to reduce the over-all rate of combining. The 
KI.A.E. examined the problem from the point of view 
of plough modifications and established the fact that 
blocking occurred when the disc failed to turn. Various 
designs of disc calculated to reduce the tendency to slip 
were tried but the best results were obtained with a disc 
having a wavy but continuous edge (3). This disc is now 
in production and has helped to a large extent in the 
problem of ploughing in combined straw. 

It is now fully realized that straw must not be burnt 
because of its importance as a source of humus, but one 
n·sult of ploughing in the straw is a lowering in yield with 
tile following crop. This has been overcome by applying a 
dressing of nitrogenous fertilizer before ploughing or by 
undersowing the cereal crop with clover. 

A likely increase in the cattle population as well a.s a 
tendency towards compost-making will result in more 
s1 raw being taken off the field. Although many alter
mtives have been tried, the pick-up automatic tying baler 
is outstanding for this purpose. The limiting factor is the 
cost of the baler and the shortage of supply. 

In planning to take advantage of the extra power and 
modern machinery to increase crop yields, water conser
vation becomes an important factor. The yearly rainfall 
over the arable land of Britain varies from 24 in. to 30 in. 
Tl1e evaporation from the surface of uncropped land is 
n-Iatively constant from year to year and varies little from 
one part of the country to another. As a general rule it is 
8 in. to 10 in. less than the rainfall, but usually exceeds the 
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rainfall for the months of May, June and July, and all 
kinds of cropping increase the loss of water through 
transpiration {4). 

Some market garden crops are planted and harvested 
during the period when evaporation exceeds rainfall, and 
overhead irrigation has become standard practice in the 
intensive cultivation of these crops. 

The conservation of water in the soil is assisted by the 
planning of cultivation operations, and by building up the 
humus content of the soil, but it seems that large-scale 
overhead irrigation may become an economic practice for 
farm crops such as peas, sugar-beet and grass for drying. 
Preliminary experiments on the sugar-beet crop during 
the very dry season of 1947 indicated that an application 
of water equivalent to 10 in. of rain increased the yield of 
sugar per acre by more than 22 cwts. and the tops by over 
5 tons per acre. In the wet season of 1948 restricted irri
gation slightly increased the yield of sugar per acre, but 
above the equivalent of 5 in. of rain the results were 
inferior. 

In conclusion, the future prosperity of British agri
culture depends upon the growing of high quality crops 
with a higher yield per acre. To achieve this it will be 
necessary to modify rotations and farm practice so that the 
fertility of the soil is raised. There will be a demand for 
more specialized machinery resulting in a high capital out
lay per acre. This can be justified if the implements 
provided are reliable and inexpensive. Mass production 
methods with rationalized designs and the standardization 
of components would go some way towards achieving this 
end. 
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Mechanization of Tropical Farming in Hawaii 

RENE GUILLOU 

ABSTRACT 

Mechanization of farming in the tropics has progressedslowlybecauseof the relatively lowvalue of labour, a lack 
of popular familiarity with machines, and unavailability of equipment adapted to tropical conditions. An acute labour 
shortage has recently required the rapid introduction of mechanical methods in Hawaii. Sugarcane and pineapple lands 
are satisfactorily prepared and planted with large tractors. Harvesting cane with tractor·mounted rakes damages the 
cane and the fields, but is the prevailing method. Better equipment and practices are being actively sought. A good co· 
ordination between machinery and cultural methods has been developed for pineapple production. Operations are 
performed from graded roads by equipment provided with booms which reach over the plants. Dairying has been 
partially mechanized but is a marginal enterprise in spite of high milk prices. No machines are available to perform the 
laborious hand operations involved in taro and rice culture, and these crops are declining. Successful mechanization 
of all crops appears to depend on mutual adaptation between machinery and cultural practices. 

OBSTACLES TO MECHA::\IZATION OF TROPICAL FARMING 

P !1ysical problems 

:Mechanization for farming in the tropics involves some 
pmblems that are not commonly encountered in temperate 

areas, and Hawaiian experience may for this reason be of 
interest to other regions similarly situated. Due to the 
comparatively small land mass of the Hawaiian Islands 
and to the trade-winds to which they are almost con
tinuously exposed, the maximum temperatures are lower 
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than those common to many tropical areas. However, in 
the general character of the soils, and of the crops, and in 
its social background, Hawaii has more in common with 
other tropical areas than with the temperate countries. 

The physical characteristics of tropical soils that cause 
most of them to adhere to the surfaces of metal tillage im
plements, instead of sliding over them, are an ever-present 
problem in mechanizing the tillage of these soils. Most 
tillage implements developed in the temperate zones 
depend on sliding or "scouring" of the soil over polished 
surfaces. When such implements are used in tropical soils 
deep layers of soil may build up, entirely changing the 
effective shape of the underground parts. This problem is 
aggravated by rampant all-year growth of weeds and has 
made weed control by tillage very difficult. While many 
tropical crops res<cmble, in general, their counterparts of 
the temperate zone, it is seldom possible to harvest them 
with the same machines, and in some cases heavy growth 
and continuous high rainfall present baffling difficulties 
to the engineer who would mechanize such harvesting 
operations. 

Human problems 

Because the tropics have in general lagged behind the 
temperate countries in agricultural mechanization, their 
farmers are not so familiar with machinery or so skilled in 
its use and care. An obstacle to direct application of 
temperate zone implements in the tropics is found in the 
prevailing scale of operations. Tropical agriculture 
generally tends toward two extremes in the size of opera
tional units. On the one hand are the large corporate 
plantations, while on the other are the very small holdings 
suited to subsistence agriculture with its hand operations 
and dense population. Implements designed for tem
perate zone farms are frequently too large for the small
holdings, and not so large as those desired for the plan
tations. 

The temperate zone manufacturer, in considering the 
development and manufacture of implements specifically 
for tropical use, often finds that methods and needs vary 
widely between different tropical areas, and even between 
adjacent plantations. Neither plantation managers nor 
small farmers are accustomed to adapting their cultural 
practices to standard implements. Rather, they are prone 
to feel that implements should be adapted to their custom
ary practices, not fully appreciating the cost of producing 
and distributing special machinery for each locality or 
plantation. This offers little inducement to implement 
manufacturers in temperate zone industrial areas to under
take the development of equipment for the needs of 
distant tropical markets. Such a recital of the obstacles to 
the mechanization of tropical agriculture may leave some 
listeners wondering how any headway at all has been made 
in this field. The answer, at least in Hawaii, is to be found 
in the absolute necessities of the situation. 

NECESSITY FOR MECHANIZATION IN HAWAII 

During the initial expansion of plantation agriculture, 
up to the early years of the present century, successive 
waves of farm labourers carne to Hawaii from China, 
Japan, the Philippines and elsewhere, drawn by the 
pleasant climate and comparatively high wages. In the 
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years preceding the Second World War the tightening of 
immigration restrictions, coupled with increased employ
ment of labour on defence works, resulted in an abrupt 
deficiency of agricultural labour. Labour was not merely 
costly, it was simply unavailable. It was necessary either 
that the work be performed mechanically by a reduced 
working force, or that land and even growing crops be 
abandoned. With the passage of the most acute period of 
readjustment, the level of earnings that will hold men on 
the plantations and small farms has remained such as to 
require continued mechanization. The plantation man
ager and the small farmer alike think of one dollar per 
hour as a round estimate of an adequate labour return, 
and it is only by the fullest use of machinery that farm 
and plantation workers can earn this wage. 

MECHANIZATION OF SDGARCANE PRODl'CTIO::i 

General problem 

Sugarcane is Hawaii's leading crop. It is claimed that 
the production of human food by this crop, measured in 
energy value per acre, is equalled nowhere else in the 
world. Some of the sugar lands least suited to mechani
zation have been shifted to other crops or abandoned, 
and new methods have raised some acute problems, but 
improved labour efficiency has made it possible substan
tially to maintain production. The customary harvest of 
a tangled, two-year growth of cane; distribution of irri
gation water by semi-permanent infield surface flumes 
which bar vehicles from fields during the growing period; 
and growing the cane in the bottoms of deep irrigation 
furrows (sometimes irregularly spaced) are obstacles to 
mechanization. These practices were developed under 
hand-labour conditions, and the extent to which they may 
profitably be modified to facilitate the use of machinery is 
not certain. 

Land preparation and planting 

Land preparation for replanting of sugarcane is now 
accomplished with diesel track-laying tractors of 75 to 
110 drawbar h.p., using implements controlled by the 
tractor operator either hydraulically or by cables and 
power-winches. Mouldboard ploughs do not scour well on 
most of the soils, but nevertheless are used to a limited 
extent. Disk ploughs, subsoilers or "rooters", and disk 
harrows are the common implements. All of this is 
standard equipment, manufactured in the United States, 
sometimes with modifications in the plantation shops. 
One man with such an outfit works, once over, from 10 to 
20 acres per day, depending on the operation. Mechanical 
planting equipment is commonly mounted on a 75-draw
bar-h.p. tracklayer. Two large furrow openers immediate
ly behind the tracks are raised and lowered hydraulically. 
The cane cuttings, or "seed", are carried in bins, or in bags 
on platforms, and are fed manually to chutes or me
chanical conveyors, which discharge behind the furrow 
openers. A fertilizer spout may be placed to discharge in 
such a position that a light :flow of soil is interposed over 
the fertilizer and beneath the cuttings. The furrow openers 
are held in place by shear-bolts to prevent damage when 
large stones are encountered. In addition to the tractor 
driver, six men are generally required to handle the seed 
and fertilizer. Fifteen acres is a good eight hours' work, 
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but only a fraction of this may be accomplished in stony 
ground because of repeated stops to replace shear-bolts. 
Such planters are built by local shops, with standard 
tractors as foundations. 

,'-)$tbsequent cttlture 

\Vhen cane is to be allowed to ratoon instead of being 
replanted, the land may be loosened with subsoilers which 
run a foot or two below the surface. The furrows in irrigated 
cane are in preparation for a ratoon crop by 
use of a V-shaped stubble-cutter followed by an arrange
ment of plough-disks with their faces approximately 
parallel to the finished furrow walls. These devices are 
mounted on 40 and 60 drawbar-h.p. tractors, with hy
draulic lifts. The construction is accomplished in local 
shops, using standard tractors, disks and hydraulic com
ponents. \Veed control in the young cane, which was 
formerly a very laborious task, is now accomplished chief
ly by spraying and dusting with various herbicides. 

The usual Hawaiian method of distributing irrigation 
·water through the fields in concrete surface flumes un
fortunately restricts the use of vehicles in the cane fields 
during th~ growing period. Considerable labour, and also 
damage to the concrete flume sections, is involved in 
moving them and this is done only at the time of harvest, 
or in some cases only when the fields are ploughed and 
replanted. On this account the irrigated fields must be 
sprayed or dusted with hand equipment. Airplane spray
ing is used to some extent, but the prevailing trade-winds 
make it difficult to prevent damage to adjacent crops, 
which are often sensitive to sprays that do not injure the 
cane. Some plantations are replacing concrete flume with 
sheet aluminium, which is more easily moved. 

Harvesting 

Harvest of the cane-an impenetrable mass of tangled 
stalks 12 to 20 ft. tall and weighing up to 100 tons or 
more per acre-bas been the object of intensive engineer
ing investigation for many years, with results that are 
still far from satisfactory. On steep or rocky fields, or 
when the land is too wet to support heavy equipment, 
some cane is cut and stripped of its tops and leaves by 
hand and is then loaded on trucks with cranes. The com
monest method of harvest, however, is to fire the field to 
eliminate as many of the dry leaves as possible, and then 
to push the cane into windrows "'':ith a heavy rake built on 
the front of a 75 h.p. to 110 h.p. tractor. This rake is 
provided with hard-surfaced, sharp-ground cutting plates 
which slide along the cane row on the ground surface and 
cut the canes free. 

A variation of this method, used in the wet fields of 
heavy rainfall localities, is a similar rake which is pulled 
by wire ropes running to winches on tractors. The wind
rowed cane is loaded on large trucks by a diesel crane and 
a clam-shell type of grab. Standing cane is sometimes 
picked up with the crane and grab without preliminary 
raking. This method is used only in very heavy and 
strongly rooted cane, and even then it tends to reduce the 
ratoon stand by tearing out some of the roots, and to pick 
up soil and rocks with the cane. Under favourable con
ditions, one man operating a push-rake, one man opera
ting a crane, and two or three helpers to gather up stray 
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canes on the ground, may burn, cut and load 100 tons per 
hour. 

Unsolved problems 

With these methods of harvest Hawaii's sugar produc
tion has been maintained in spite of drastically reduced 
man-power, but serious difficulties remain to be over
come. Machine operations damage the stand, require 
considerable replanting for the ratoon crop following every 
harvest, reduce the yield of the ratoon crops, and render it 
necessary to plough up the fields and replant completely at 
shorter intervals than when cutting was done by hand. 
Considerable leaf material which does not burn, and also 
soil and are harvested and delivered to the mill with 
the cane. To eliminate this trash, which may constitute 
as much as 50 per cent of the material hauled from the 
field to the mill, it has been necessary to install costly 
wet-type cleaners. The cost of moving the trash from the 
field to the mill with the cane, and then from the mill back 
to the field or to a dumping area, is a serious item. Erosion 
of the fields is aggravated both by disturbance of the soil 
and bv removal of the leaf material, while in some cases an 
appre~iable amount of topsoil is actually hauled off the 
fields with the cane. Finally, in the course of being raked 
and loaded, many canes are broken or crushed, leading to 
serious losses of sugar in the washing process. 

The Hawaiian Sugar Planters' Association is conducting 
intensive research in the University of Hawaii labora
tories in an effort to overcome these difficulties. Following 
successful tests of the component mechanisms, equipment 
is now under construction which would cut the cane at the 
ground surface and elevate it to a platform, from which it 
would be dumped in windrows or into trucks, thus avoid
ing most of the present mechanical damage to the crop as 
well as the picking up of soil and stones by the push rakes 
and grabs. Under development also is a field cleaner 
which is intended to cut the harvested cane in shorter 
lengths and so minimize damage during transportation. 
The field cleaner if successful would remove trash and 
earth and leave them in place in the field, reducing soil 
erosion as well as the loss of sugar attendant upon washing 
at the mill. 

MECHANIZATION OF PINEAPPLE PRODUCTION 

While only a few localities in the world are interested in 
the production of pineapples, some of the pineapple opera
tions that have been successfully mechanized are of in
terest to producers of other crops. A limited acreage of 
pineapple land has been abandoned or returned to grazing 
for lack of man-power to operate it, but in me
chanization has made it possible to maintain production 
in spite of a. reduction in the working force available. 

Layout of fields 

Pineapple field layouts in Hawaii are an outstanding 
example of adaptation of cultural methods to mechani
zation. It is now universal practice to plant this crop in 
evenly spaced two-row beds, which are arranged in blocks 
approximately 100ft. wide. Between the blocks are well
graded roads, just wide enough to permit the of 
truck-mounted equipment after the plants have 
full growth. The beds are covered, just pre-vious to plant-
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ing, with strips of heavy asphalt-treated paper. The un
papered middles match the tread-width of equipment that 
may be driven through the blocks while the plants are 
small. Later operations are conducted from the field 
roads. 

Weed control and planting 

As pineapples grow quite slowly and do not effectively 
cover the ground until they are about one year old, control 
of weeds is a major problem. Hand hoeing is laborious and 
the extreme tendency of most pineapple soils to stick to 
steel tillage devices makes it difficult to destroy weeds 
close to the pineapple plants by mechanical cultivation. 
Tractor-drawn machines now lay the paper strips which 
prevent the growth of weeds near the plants and in alter
nate middles. Other weed growth is controlled largely 
with oil sprays, applied by tractor-mounted equipment 
which drives through the beds. 

Setting out pineapples has been difficult to mechanize. 
The large number of plants per acre and their considerable 
size render the planting material very bulky; the plants 
are difficult to handle because of their shape and texture; 
and planting through the paper "mulch" is at once a 
difficult mechanical operation and a desirable cultural 
practice. Planting machines have been constructed and 
used, but hand planting is still the prevailing practice. 

Insect control 

Pineapples must be sprayed repeatedly for insect con
trol, and this work must be continued after the size of the 
plants prevents driving equipment through the blocks. 
A tank-truck is used, to which are attached one or two 
50-ft. booms, with nozzles at intervals on their under sides. 
Half of a 100-ft. wide bed is sprayed by each boom as the 
truck drives along the field road. This equipment is 
designed by the plantation engineers and constructed in 
their shops. The boom is commonly a welded lattice of 
light tubing, suspended by wire ropes from a short, rigid 
mast on the truck, and may be swung back or raised by 
hydraulic controls to avoid obstructions or for hillside 
work. Two men on the spray truck and two men hauling 
spray material in tank trucks can treat from two to fifteen 
m more acres an hour. 

fore him. The boom, together with means for delivering 
the fruits gently into a truck, is sometimes permanently 
mounted on a tracklaying tractor or on a special truck. 
which either pushes or pulls the truck that is being loaded. 
In another type the harvesting unit has neither wheels nor 
tracks of its own and rides on the truck that is being 
loaded. In this case it is provided with hydraulically ex
tensible legs and stands on the ground while a loaded 
truck is driven out from beneath it and an empty one is 
driven in. 

In all types the harvesting unit has its own gasoline or 
diesel motor, which pumps oil to the various hydraulically 
operated components. Some of these harvesters are con
structed on the mainland, while others are built in the 
plantation shops. The crew usually consists of one or two 
drivers, a man to control distribution of the fruit in the 
truck, a man to control the boom, and ten or more pickers. 
One to five acres may be picked per hour, depending on the 
field layout and the yield of ripe fruit. 

Soil erosion 

Comparatively dry locations are chosen for pineapples, 
but soil erosion from occasional heavv rains has been a 
matter of concern. In some plantings "the beds and roads 
have been laid out along the contours. Where the slopes 
are irregular this results in many short rows and in blocks 
of uneven width. The field efficiency of the spraying and 
harvesting machines and their crews may be reduced by 
30 per cent or more in such plantings by inability to use 
the full length of the booms. As an alternative, the land 
may be terraced to control erosion, with the beds and 
roads laid out rectangularly, crossing the terraces as neces
sary. This allows use of the full boom length at all times, 
but crossing the terraces at oblique angles with the boom 
equipment is slow and troublesome. The present tendency 
is to modify soil conservation practices somewhat in 
favour of efficient operation of the machinery. The Pine
apple Research Institute of Hawaii and the University of 
Hawaii co-operate in maintaining a laboratory for the 
development of pineapple field machinery. 

:MECHANIZATION OF OTHER FAR:V1ING 

Dairying 

Judged by temperate zone standards, dairying appears 
Harvesting to be less developed in the tropics than would be justified 

By the time the first fruit is ready to harvest the pine- by the heavy yields of forage crops and by the need for 
apple plants form a waist-high growth in which it is quite dairy products in the diets of tropical peoples. The im
laborious to handle any container into which the scattered proved temperate zone dairy breeds do not always flourish 
ripe pineapples may be picked. Vehicles cannot drive in a tropical climate, diseases and pests may be detri
down the rows without damaging the plants, and it is im- mental, and peoples who have learned to secure the very 
possible for a man to make his way across the rows. Full maximum of human food from each acre are not ac
containers must therefore be carried along the rows to the customed to dairying or to utilizing dairy products in 
nearest field road. This arduous work has been largely their diets. 
eliminated by the development of so-called pineapple Hawaiian experience indicates that these unfavourable 
harvesters. Several types of harvesters are in use, but the factors may be eliminated by research and by education. 
essential unit in all is a lightly constructed 50-ft. boom As the community develops, however, the relative value 
which carries a conveyor belt just above the tops of the of human labour increases and dairy production may be 
plants. As the harvester itself moves slowly along the limited by the excessive cost of hand operations. Cattle 
field road, the pickers walk down the rows behind the diseases in Hawaii are now on a level comparable with the 
boom. Each man, with both hands free and with nothing United States mainland, insects are not a problem, and in 
to carry, is able to select and pick the ripe fruits hom two addition to excellent pastures there are available a number 
rows of plants, and place them on the conveyor belt be- of forage crops capable of producing heavy yields the year 
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;:round. As the younger generations of Asiatic and 
Polynesian ancestry have acquired a taste for milk and an 
t.nderstanding of its dietetic value, the importation of 
canned and dried milk has increased, but fresh milk con
tinues high in price and in short supply, and dairying is a 
narginal enterprise. Milking by machine is general; but 
f·lrage is largely harvested by hand. Studies at the Uni
>ersity of Hawaii have shown a labour requirement of 5 
man-hours per ton to hand-harvest and feed Napier grass, 
which is the leading forage crop. Experimental harvester
choppers, adapted from conventional North American 
ensilage harvesters and operated by one man, have recent-
1:· harvested and chopped Napier at rates of 3 to 6 tons per 
hour. 

Vegetables, taro and rice 
Excessive labour involved in truck gardening by hand 

methods appears to be the chief factor in limiting vege
table production in Hawaii in the face of an increasing per 
ct~pita consumption of vegetables. Vegetables are being 
shipped 2,100 miles under refrigeration to Hawaii from 
California, where wages for farm labour are higher than in 
Hawaii. Implements mounted directly on small wheel
tractors are finding general application on truck farms. 
Performance of many different operations, each on a small 
scale, requires that the implements be easily interchanged. 
Hydraulic lifting of implements is important for work in 
small fields with short rows. Tractor-mounted and hy
draulically lifted disk ploughs are valuable, as most of the 
soils are non-scouring regardless of their moisture content. 
:\1echanization of truck farming is impeded by the per
sistence of cultural methods not adapted to the use of 
machinery, and by the farmers' lack of familiarity with 
machines. The Agricultural Extension Service, the schools 
and implement dealers are providing education and 
sErvice, and the farmers are rapidly adapting themselves 
tc• new conditions and new facilities. 

No progress has been made toward mechanized pro
duction of taro, a root crop which was originally a staple 
in the Polynesian diet. This crop is grown in water in 
small flooded patches, and harvesting it by hand methods 
is especially laborious. For this reason, as well as because 
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of the changing racial composition and dietary habits of 
the people, taro has become a minor and declining crop. 

l~ice was at one time widely grown in Hawaii, by the 
common Asiatic method of hand transplanting to small, 
flooded fields. Means of mechanizing this work were not 
available and local production has now been supplanted 
by importation from the continental L'nited States. 

SUi>tMARY 

In the fifty years of its development from a feudal 
monarchy to a modern American community, Hawaii has 
experienced the same changes that occupied a much longer 
period in the temperate zone countries. In particular the 
competition of urban occupations with farming; the de
creasing numbers of plantation labourers, earning higher 
wages and \Vith new standards of work and of living; and 
changing dietary habits of the population have called for 
readjustments of agriculture which are still in progress. 
Efforts by implement manufacturers and by research 
agencies to appraise the need for new machines and to 
develop them, and by educational agencies to aid the 
people in understanding their problems, are invaluable to 
these readjustments. It should be emphasized, however, 
that it is the men directly engaged in production who must 
make the final co-ordination between machines and cul
tural methods, and upon their success in this effort the 
future of such an agriculture must depend. 
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Farming Systems in Relation to Soil Conservation and Use 

P. 0. RIPLEY 

ABSTRACT 

In a country occupying over 2,000 million acres of land there is naturally a great variation in soil and climate. With 
such variations there are a number of different farming systems and types of farm enterprise. In the comparatively dry 
areas of the prairie provinces approximately 160,000 farms are devoted to grain production. This involves over 36 million 
acres of grain and 23 million acres of summer-fallow. This type of soil management in itself is not conducive to soil 
conservation and since most of the grain is exported to other countries an additional loss occurs in removal of plant 
nutrients. The soils are fertile, however, and have only been farmed a short time so there is little sign of soil depletion. 
But the system is one which may in time become detrimental to the soil and hence it should be watched carefully. 

In the older, more humid areas where cash crops such as corn, potatoes; soybeans, sugar-beets and fall wheat are 
grown, soil depletion is already evident and cropping systems and soil management must be changed. A very large area 
of Canada is devoted to mixed farming and the use of farm manure and a more suitable cropping system tend to conserve 
the soil satisfactorily. 

With labour in short supply and a swing toward mechanization there is a tendency toward larger farms. This may 
provide for larger individual farmer income and for better methods of soil conservation. 

INTRODUCTION 

The total land area in Canada is 2,364,904,960 acres. 
Because this large area is located from south to north 
between the 42nd and the 80th parallel of latitude, and 
from east to west between the 55th and 14lst degree of 
longitude, the climate and soil conditions are extremely 
variable. The mean annual temperature, in regions of 
agricultural development, varies from over 50 degrees F. 
in parts of British Columbia, to 28 degrees in the farming 
area of northern Alberta. Precipitation ranges from 8 in. 
to over 100 in. Soils vary from bro-wn and dark brown 
through black, grey wooded and Podsols. With these 
tremendous variations there is a corresponding variation 
in types of farming, size of farms and the organization of 
farm enterprises. 

GENERAL AGRICULTURE 

Canada is primarily an agricultural country but only 
about 173 million acres or 8 per cent of the total area is 
considered suitable for agriculture and about 90 million 
acres are reported as improved farm land. A considerable 
portion of the western section is non-agricultural owing to 
the Rocky C\1ountains. Much of the northern area is un
suitable and undeveloped agriculturally. The country is 
divided east from west by the rocky, mineral-rich area of 
the Pre-Cambrian shield, running from the Great Lakes in 
the south to the Arctic in the north. 

To the west of this natural division and east of the 
Rocky Mountains lie the so-called Prairie Provinces with 
their 36 million acres in grain and 43 million acres of 
natural range or ranch land. South and east of the Pre
Cambrian shield mixed farming largely predominates. 
Certain relatively small local areas are devoted to cash 
crop production including the growing of tobacco, fruit, 
vegetables, corn, sugar-beets, full wheat, soybeans and 
peas. 

GRAIN FARMING 

century. The production of hay and grain is reported as 
the chief source of income on 173,836 farms. In this group 
160,000 farms are located in the three prairie provinces of 
Manitoba, Saskatchewan and Alberta, and these are 
largely grain farms. In general, the grain is gro>vn in a 
short rotation of three years' duration, one year in summer
fallow followed by two years in grain. In the drier sections 
a two-year rotation is practised in which summer-fallow 
and grain alternate. In this grain-growing area, therefore, 
some 23 million acres of land are in summer-fallow each 
year. 

Millions of bushels of wheat, barley and oats are export
ed from this area annually, some to other parts of Canada 
but most of it to other countries. For example, in 1944 
wheat was shipped to importing countries to the amount 
of 291,679,709 bushels. In addition, 40,695,942 bushels of 
barley and 83,392,645 bushels of oats were exported. 
From the standpoint of maintaining a favourable trade 
balance, it is desirable for the country to have this export
able surplus and in the main such a system of farming 
utilizes the soil effectively. On the other hand, it is an 
extremely dangerous system when considered from the 
standpoint of soil conservation. 

PLANT NUTRIE;-JTS EXPORTED LN GRAIN 

Each year that grain is exported in the amounts in
dicated above, tremendous quantities of plant nutrients 
are taken from the soils of Canada and exported in the 
grain. It is estimated that in 1944 there were exported 
with the grain 219,126 tons of nitrogen, 94,234 tons of 
phosphorus (P20 5), and 47,989 tons of potash (K 20). The 
total amount of these nutrients sold in Canada as commer
cial fertilizer in 1948, was 17,153 tons of nitrogen, 59,388 
tons of phosphorus and 47,341 tons of potash. Thus in a 
year of high fertilizer usage there was less commercial 
fertilizer used in the whole of Canada than would be 
equivalent to the plant nutrients removed in the exported 
wheat, oats and barley, which are mainly produced in the 
prairie provinces. Add to this the tremendous loss of 

There are 732,832 occupied farms in Canada according organic matter which must follow cultivation and oxi
to the census of 1941. This represents an increase of dation in 23 million acres of summer-fallow and a situation 
221,759 in the forty years since the beginning of the presents itself which should be very carefully watched. 
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SOIL DEPLETION 

Fortunately, the soils in this area are basically rich in 
organic matter and plant food. Built up under many 
years of grass vegetation and subjected to little leaching 
or erosion from the sparse rainfall, they are among the 
most fertile soils in the vvorld. Subjected to such farm 
practices as mentioned above, for only half-a-century or 
less, they have not yet begun to show serious signs of 
depletion. But the system can be dangerous. It was 
extremely so in the 1930's. A series of years of abnormally 
low rainfall dried out the soil. The millions of acres of 
summer-fallowed land became a veritable dust-bowl. 
\Vith insufficient moisture for crop production other 
millions of acres became partially or completely bare of 
crop cover and high winds blew away the fertile surface 
soil. 

The situation was sufficiently alarming and the lesson 
adequately enough demonstrated that extensive and 
effective conservation measures were put into practice. 
The strip-cropping of ploughless fallow, trash cover, 
ridging, cover crops and regrassing where necessary assist
ed in averting a near national calamity. Such practices 
must be continued under the present farming system in 
that area. In time it may become necessary, and in some 
localities the time has alreadv arrived when the svstem of 
grain farming must be cha~ged to one which" is more 
favourable from a soil conservation standpoint. 

OTHER CASH CROPS 

In other parts of Canada where cash crops are grown, 
even greater precautions than in the Prairie are necessary 
for soil conservation. This is because the soils in these 
parts are not naturally as fertile and because of climatic 
and soil conditions which favour a more rapid loss of the 
fewer nutrients which are present. Fortunately the areas 
devoted to this type of farming are relatively small and 
localized. In 1944 some 15,000 farms were devoted to the 
production of fruit and vegetables and over 1 million 
barrels of fresh apples, 4 million lb. of dried apples and 
1 million lb. of canned apples were exported from Canada. 
Approximately 500,000 acres of potatoes are gro'rvTI an
nually. In 1944 over 4 million bushels of seed potatoes 
were exported. These potatoes carried with them an 
estimated 420 tons of nitrogen, 17 6 tons of phosphorus 
and 610 tons of potash. 

Potato growers, however, are conscious of the need for 
returning fertility to the soil and they use a larger amount 
of commercial fertilizer per acre for their crop than is used 
on any other single crop. Tobacco is grovm in Canada to 
the amount of 71,000 acres per year and in 1944 over 6 
million lb. of tobacco was exported. In addition some 
400,000 acres of corn are grown for seed and a lesser area 
is devoted to sugar-beets, fall wheat, etc., as cash crops. 
Wherever such crops are grown they present to the grower 
a problem of soil conservation which must be carefullv 
studied with a view to adopting measures to maintain soh 
productivity. 

LIVESTOCK AKD :MIXED FARMING 

On the other hand, it is fortunate for Canadian agri
culture that there is a considerable area and a large 
number of farms devoted to livestock and mixed farming. 
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There are 47,625 farms, or over 6 per cent, the income on 
which is derived mainly from dairy products. On 72,787 
farms livestock and poultry provide the main source of 
revenue. Mixed farming is practised on 134,695 or over 
18 per cent of Canadian farms. Over 10 million acres are 
devoted to the growing of hay, 8,502,873 acres to im
proved pasture and 52 million acres to natural or un
improved range and pasture. Properly managed these 
hay and pasture areas constitute a satisfactory combi
nation of efficient land use and effective soil conservation. 

Livestock and livestock products were exported from 
Canada in 1944 to the amount of over 22,000 horses, 
446,000 poultry, 134,000 sheep, 1 million cwt. of 
7 million cwt. of pork products, 39 million lb. of canned 
meat, one million cwt. of cheese and 12 million lb. of wool. 
These products undoubtedly removed many thousands of 
pmmds of nutrients from the farms of the country. To 
offset this, however, grass roots and crop residues remain 
to add fibre to the soil. :VIillions of tons of animal manure 
are returned to add organic matter and plant nutrients to 
the soil. Over 70 million acres are more or less permanent
ly covered with grass or legumes and are protected from 
erosi~n, ~oil depletion and human abuse. This type of 
farmmg rs an example of advantageous but conservative 
soil use. 

IRRIGATION FAR:YIING 

Perhaps one other type of farming might be mentioned 
in passing, because of its increasing importance in Canada, 
and that is irrigation farming. Some 500,000 acres are at 
present being irrigated in this country and plans are being 
made to provide for much greater areas. Irrigation pro
duces a marked change in the soil climate and productivi
ty. It may change the cropping system and the whole 
farming enterprise. It brings >vith it problems of land use 
and management. It creates drainage problems, salinity 
difficulties and more rapid soil-depletion problems b~
cause of increased production. These are all being studied 
and conservation measures developed and applied. 

SIZE OF FARM 

The size of farms in a communitv or countrv has a 
considerable effect on the economy" and welfar~ of the 
area. Some farms are barely large enough to provide 
subsistence for the operator. To provide extras to take 
care of a long-time plan of soil conservation or similar 
programmes may be entirely out of the question. Just 
what size of farm is most satisfactory depends on a number 
of things: type of farming, soil and climatic conditions, 
technical knowledge of the farm operator, labour con
ditions, degree of mechanization, distribution of popu
lation and many other factors. 

The average size of farm in Canada has changed con
siderably over a period of years. In 1901 the average area 
per farm was 124.1 acres. In 1921 it was 198.1 acres and 
in 1941 it had increased to 236.8. This was due in part to 
the development of western Canada with its larger grain 
farms. For instance, in 1901 there were 13,445 farms in 
the Province of Saskatchewan and 8,014 were 100 to 200 
acres in size while 5,184 were over 200 acres. In 1 H41 there 
were 138,713 farms, 39,366 of which were 101 to 200 acres 
in size and 95,1HO were over 200 acres of which 28,235 
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were 640 acres or more. In the Province of Quebec, on the 
other hand, with its mixed farming and entirely different 
conditions which are fairly typical of eastern Canada, 
there were 140,110 farms in 1901. Of these 45,813 were 
51 to 100 acres, 44,216 were 101 to 200 acres and 16,374 
were over 200 acres. In 1941 there were 154,669 farms in 
Quebec, of which 60,452 were 51 to 100 acres, 53,067 at 
101 to 200 acres, and 17,862 over 200 acres. Of the latter 
only 367 farms were over 640 acres in size. The trend in 
all provinces with the possible exception of Quebec has 
been toward larger farms. In the whole of Canada the 
number of farms under 100 acres in 1901 was 295,592. In 
1921 it was reduced to 285,063 and to 269,705 in 1941. 
Farms of 101 to 200 acres increased from 150,826 in 1901 
to 230,298 in 1941. Farms over 200 acres increased from 
64,655 in 1901 to 196,379 in 1921 and 232,829 in 1941. 

This trend toward larger farms has taken place with the 
trend of the population from rural areas to urban centres. 
In 1901 the rural population was 62.3 per cent of the total. 
By 1921 it was only 50.4 per cent and in 1941 only 45.6 
per cent. 

II:IECHAKIZA TIOc-; 

The size of the farm tends to increase with mecha
nization which enables one man to handle a much larger 
acreage. Tractors on farms in Canada increased from 

105,560 in 1931 to 158,844 in 1941 and an estimated 
300,000 in 1948. Combines for grain harvesting were 
practically unknown in 1922. By 1930 there were 8,917 
on farms in western Canada and this was increased to 
19,013 in 1941 and an estimated 31,651 in 1947. Hav 
harvesting is also being mechanized. Field balers ill'
troduced in 1939 are now used to the number of 1,444. 
Forage crop harvesters first seen in 1944 have been pur
chased to the number of 410. Machines are expensive, 
however, and large acreages must be handled if they are to 
be economical. This in turn requires reorganization of the 
farm enterprise. 

FAR\1 TENURE 

The tenure system of farm operation in Canada may 
lead to some difficulties with regard to soil maintenance. 
Insecurity of tenure does not encourage soil-building 
practices and there is little or no attempt on the part of 
most landlords to exercise any supervision over the tenant. 
Of the 732,832 farms in Canada, 94,287 are operated by 
tenants and 84,896 by part owner and part tenant arrange
ment. It might be helpful in a national soil conservation 
programme to develop a more satisfactory system of 
supervision over tenant farmers or to provide greater en
couragement for them to undertake soil conservation 
measures. 

Guide Lines to Further Farm Mechanization 

A. W. TURNER 

ABSTRACT 

Food production is the largest industry in every country. In this industry the basic resource is the land. Like other 
resources, the total capabilities of soils for food production are realized only when full and proper use is made of labour, 
power and machinery. It is with these elements that agricultural engineers are primarily concerned. 

The heart of the food problem is in the machines and materials used on the individual farm. The individual farmer, 
in turn, is dependent largely on industry for improvements in equipment to enable him to do a better job of farming. 
In many countries industrial, educational and social advancements still need to parallel increasing farm mechanization. 

Parallel progress in mechanization of all operations on a crop is needed for efficient production. Lack of knowledge 
on such basic matters as what a good seed-bed may be is a check on improvement of present practices. These too often 
follow traditional patterns. More basic research is needed. 

Other opportunities or guide lines for future advancements include development of precision techniques for plant
ing, cultivation and weed control, fertilizer distribution, insecticide and fungicide applications and similar operations 
and more efficient methods of harvesting, conditioning, processing and storage for better utilization of all commodities 
produced. 

Our discussions in this section of the United Nations 
Scientific Conference on Conservation and Utilization of 
Resources are concerned mainly with techniques of food 
production, preservation and use. These are major fields 
of work for agricultural engineers who sometimes are 
described as the engineers of food production. As an agri
cultural engineer in the field of research, I am deeply 
honoured by the privilege of presenting this paper. 

Basically, the food problem with which we are here 
concerned has not changed since the beginning of time. 
It has always been and still remains one of producing and 
storing enough from one harvest to last until the next, 
transporting this food to where it is needed, and distri-

buting it so everyone may eat. Any consideration of this 
problem must begin with the fact that food supplies are 
always temporary. They begin to disappear the moment 
they are produced, and must be constantly replenished. 
Man himself can consume at one time only enough to keep 
him going for a relatively short period. In this respect 
food is like the fuel for an engine or tractor. 

FOOD PRODUCTIO:-< IS LARGEST INDUSTRY 

Food production is the farmer's main business. It is a 
business of working with nature, of using the laws of 
heredity to improve the yields and quality of crops and 
livestock, of modifying natural conditions so as to im-
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prove yields of economic crops far beyond those that might 
be obtained in a natural environment. It is the largest 
industry in every country. In some, it requires the full
time efforts of much of the population. In some, as in the 
United States, it is the largest user of mechanical power 
and the largest user of industrial goods. 

In this business the basic resource is the land. Soil 
scientists tell us that the world has always had enough 
tmd to produce all the foods its population needs or can 
consume (1) 1 • Soils alone will not, however, produce food 
in the quantities needed by our present population. Like 
other resources, their total capabilities are realized only 
when full and proper use is made of labour, power and 
machinery. It is with these elements that engineers are 
primarily concerned. 

The heart of this whole problem of food production, in 
my judgment, is in the machines and methods used on the 
individual farm regardless of location (2). The individual 
farmer, in turn, is dependent largely on industry for im
provements in machines and equipment that will enable 
him to do a better job of farming. I do not mean that im
provements will not be made by individual farmers, for that 
·would be contrary to experience everywhere. It has been 
true of our experience in the Cnited States. Here many of 
our most important machines were conceived in the minds 
of men who have farmed their own land and the f1rst 
models were built on farms or in local machine shops (3). 

The point I want to emphasize, however, is this: these 
machines came into common use only after industry 

TURNER 

than 7 per cent of the labour force and each worker pro
duces enough to support more than fifteen persons. By 
the fullest use of machinery, labour requirements for an 
acre of maize have been reduced to as low as 5 hours on 
some farms and for wheat to as low as 3 hours compared 
with 40 hours for corn and 15 hours for wheat at the begin
ning of the present century. Labour requirements for 
other crops also have been reduced materially although 
there is still a long way to go for such crops as hay, cotton, 
sweet potatoes, livestock and poultry, and various special
ty crops. 

One of the objectives in mechanization of crop produc
tion and harvesting has always been and will continue to 
be the shifting of the work-load from men to machines. 
Improvement in individual welfare of the people in any 
nation is, in general, tied directly to the degree of success 
in attaining this objective. In this respect the future for 
further mechanization is still bright (5). 

Some of us in agricultural engineering research believe 
that labour requirements can be reduced most effectively 
where there is parallel progress in the mechanization of all 
operations on a crop or commodity. Our research on 
cotton and sweet potatoes has shown, for example, that 
the mechanization of the harvesting operations is to a 
considerable degree dependent on the uniformity of row 
spacing, height of ridge, and evenness of planting, all of 
which are largely determined at the time of planting and 
in some respects are related to seed-bed preparation. 

developed the means and know-how for their mass pro- SEED-BED REQUIREMENTS 

duction. Inasimilarwayprogressinmanylessmechanized What constitutes a good seed-bed? The answer may 
areas of the world will be concurrent with the expansion depend on the crop, the soil itself, moisture conditions, 
of local industries. The mechanization of any crop is a and other factors. Certainly the question is a fundamental 
slow process. Likewise, the mechanization of production one. Ask a dozen farmers in any region or country how to 
in a region is accomplished only gradually. Even in North prepare a seed-bed for any specific crop and you '..Vill get a 
America, where power farming is more general than in any dozen different answers. Ask why they follow certain 
other region, this advancement was made step by step. practices and generally the best answer they can give is 

Before walking, men learn to crawl. It is too much to because it has always been done that way. Practices too 
expect that any region can be transformed in the short often follow traditional patterns. 
period of a few months or a year or so from well-established The plough is basic in all crop agriculture, and its 
human- or animal~power farming to full mechanized or history goes back to the earliest times. Ploughing prac
tractor-power farming. Along with industries, there also tices vary from 2 to 3 in. depth in some cases, to 2 or 3 ft. 
must be transportation, distributing and serv1cmg in others. Why? What is needed in ploughs or other tools 
systems. Educational and social advancement likewise is used in seed-bed preparation in each specific region? No 
essential to an efficient system of farming in which full use one even now knows many of the answers regarding effects 
is made of machines and power-operated equipment. of ploughing and other seed-bed operations on soil struc-

The record is clear that the welfare of a people in any ture. Knowledge of the relationships between soil struc
region is tied inextricably \vith high individual productivi- ture and plant growth is extremely limited. Enough re
ty. It was only after the substitution of mechanical power search has been done, however, to raise serious questions 
for hand labour increased the capacity of the individual so regarding the effectiveness of many current practices in 
that surpluses of foods became available that real progress seed-bed preparation. The establishment of the funda
became possible in the arts and sciences. Individual pro- mental requirements of seed-bed preparation for each of 
ductivity is highest in those countries that have made the the various crops in a wide range of soils and conditions is 
fullest use of improved machinery and equipment. one of the important challenges for future engineering 

EXAMPLES OF xiECHANIZATION research. Only when this information is available will it 
be possible effectively to devise methods and improved 

Here in the United States of America, with which I am equipment to attain the types of seed-beds that will be 
most familiar, a hundred years ago around 65 per cent of most efficient for production. The solution of such funda
th·~ labour force were agricultural workers and each one mental problems will not be found by engineers, or soil or 
produced enough for himself and about three and a-half plant scientists working alone but by research teams that 
Dtlter persons (4). Agricultural workers now make up less include soil physicists, agronomists, plant physiologists or 

1 Numbers within parentheses refer to items in the bibliography. other scientists collaborating with the engineers. 
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PRECISION PLANTING 

As new machines have been developed the precision 
with which the various operations in crop production and 
harvesting can be done has improved. Precision is an 
important element in production efficiency. It is very 
essential in planting, for without it no crop has yet ever 
been completely or adequately mechanized. The lack of 
precision planting even now is a definite road-block in the 
mechanization of succeeding operations on many crops 
and in some cases to adoption of improved practices and 
rotations. Precision planting ensures a fuller stand, which 
is a prerequisite to efficient use of plant food and to high 
production. 

Among examples that might be mentioned where lack 
of precision planting contributes to inefficiency are such 
crops as cotton, tobacco, sweet potatoes, sugar-beets and 
sugarcane, and legumes. At the present time by far the 
largest part of the cotton is still planted in the drill and 
later chopped to a stand, which is a time and labour con
suming hand operation. The development of means to 
ensure an adequate stand of evenly spaced plants at the 
first planting will be a long step in the mechanization of 
this crop. Tobacco and sweet potatoes are grown from 
plants produced in hotbeds and then transplanted to the 
fields almost entirely by hand. Certainly, if the mechanical 
genius that has enabled us to develop the combine, the 
tractor, and other complicated machines can be centred 
on these crops, improvements can be made in present 
planting techniques. 

Sugar-beets are now yielding to efforts towards ma
chine planting as a result of the development of techniques 
for producing segmented seed and other recent improve
ments. The planting of sugarcane, however, is still done 
almost entirely by the old plantation method of hand 
dropping of full length canes into the planting furrow. An 
outstanding example of how lack of precision planting 
may act as a brake on the adoption of an improved farm
ing practice is the case of legumes in the United States. 
With these crops the planting rate, depending on variety, 
may range from 1 lb. to 35 lb. of seed per acre. In some 
cases the number of seeds is as high as 750,000 per lb., so 
with anywhere near complete germination this would pro
duce far more plants than are needed for an adequate 
stand. Legume seeds are comparatively high priced and 
consequently farmers are inclined to buy common kinds 
that cost less or put off entirely the seeding of additional 
legumes. Development of means for precision planting 
would be a big step toward the 25 per cent increase in 
legume acreage needed for efficient production as well as 
greater planting of improved varieties that are far better 
for forage production than most of the older ones. 

PRECISION IN FIELD OPERATIONS 

Improvement in the precision with which all operations 
are performed is essential to more efficient production. 
One of the big advantages inherent in the mechanization 
that has already taken place has been the result of in
creasing precision in the timing of all operations, in the 
ability of producers to complete their planting and culti
vation during optimum periods of weather or plant 
growth, in the uniform spacing of rows and of plants in the 
row, in the maintenance of ridges or beds at proper height 

throughout the growing season, in the ability to destroy 
weeds at just the right time to be of greatest aid to th-e 
Ciop plants, and in the placement of fertilizers for most 
efficient use. As research proceeds on the mechanization 
of additional crops and as our production efficiency im
proves, this matter of precision becomes increasingly im
portant. At present most operations on most crops are 
still lacking in precision. 

Precision operations can contribute materially to im
provement in the quality of the harvested crop as well as 
to increasing yields. High quality in any crop is in part an 
inherent characteristic of the variety, but the environ
mental conditions likewise are important. In so far as the 
producer can maintain favourable conditions of plant 
nutrition, soil moisture and structure, competition from 
weeds, insect and disease control, and efficiency in har
vesting, however, he can exert a measure of control over 
the quality of the product harvested. 

If mechanization is successful, it must assure the pro
ducer a marketable commodity that will be equal in value 
to that produced by any other method. In the case of 
cotton, for example, mechanically harvested seed cotton 
now generally averages from one to two grades below 
similar cotton that has been hand picked, because of the 
increased amount of trash and leaf stain in the machine
picked lint. Machine picking can not be considered com
pletely successful until perfected to the point where this 
loss in grade is eliminated. 

IMPROVING CROPS FOR 1iECHANIZATION 

. Improvements can in some cases be made by breeding 
better varieties for machine production as has been done 
for small grains, corn and grain sorghums, and is now 
under way for cotton, sugar-beets, and various other 
crops. This is the problem of the plant breeder in which 
the engineer can aid by defining the machine require
ments. In other cases the perfection of methods for pre
harvest conditioning-such as defoliation of cotton and 
potatoes or the development of vine disposal techniques 
as for sweet potatoes or peanuts-may be an essential step 
in the mechanization process. Precision in the application 
of insecticides and fungicides, as well as in weed control, 
likewise are necessary if adequate control over the final 
product is to be exercised during the production processes 
as is the case in most manufacturing industries. Some 
advancements are already being made, but in general the 
improvements in equipment for application have lagged 
far behind those in techniques and materials. These are 
engineering phases on which additional research is badly 
needed. 

HARVESTING OR CROP RECOVERY 

Aside from the production operations, the harvesting, 
conditioning, storage and processing of agricultural com
modities are important in the world over-all food situation. 
It is essential, of course, that production per unit of land 
or labour be as high as good conservation farming will 
permit, and improvements in machines and equipment 
can contribute to the attainment of these objectives. It is 
equally essential that crop recovery operations be as 
efficient as is economically feasible. Food products lost 
through inefficiency do no one any good. 

At the present time, no one knows how large a percent-
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age of the food values of various crops are lost in the f1eld 
before harvesting. Undoubtedly, however, they are sub
stantial. Such losses occur both in volume of product and 
in nutritive value, which in many cases is invisible. At the 
United States Agricultural Research Center at Beltsville, 
Maryland, for example, it has been found that the carotene 
losses in hay between the time of cutting of the green 
forage and feeding may run as high as 90 per cent and the 
protein losses 30 per cent, depending on the method of 
preservation (6). Such losses represent more than just so 
much cow filler for they can be interpreted in terms of 
milk production, which on a per acre basis varied as much 
as 60 per cent. It has been estimated that the protein lost 
in the United States alone every year through inefficient 
haying methods would supply the entire needs of 750,000 
dairy cows for a period of six months. Surely, these 
results point to a need for improvements in machines and 
methods for hay crops. 

In the case of grain losses, again information is some
what indefinite (7). On the basis of FAO estimates total 
world losses between harvesting and use average almost 
1,000 million bushels of wheat annually from all causes. 
In the United States these losses amount to 10 to 15 per 
cent a year, varying by years, crops and areas. 

CONDITIONING AND STORAGE 

All of these losses point up the need for improvements 
in conditioning and storage methods. The problems of 
crop conditioning are not limited to any particular com~ 
modity but include many crops. Combining and other 
modern methods of machine harvesting complicate the 
problems of conditioning and storage. This is true for 
cotton and cottonseed, corn, rice, soybeans, peanuts and 
tung nuts, hay, legume seeds, wheat, and other crops. 
The products come from the fields with higher moisture 
content and in many cases less mature than with other 
harvesting methods and equipment. The time required in 
farm storage previous to processing or marketing is often 
lengthened. The result has been an increasing need for 
some system of conditioning that will eliminate most of 
the risks of damage or losses in storage. In some cases lack 
of conditioning equipment has been a road-block to further 
mechanization of field operations in producing the crop
notably with field shelling of corn, picking of peanuts from 
the green vines at digging time, and f1eld hulling of tung 
nuts. Other examples could be listed. 

Improvements in crop conditioning are essential in an 
advancing agriculture and their development is an en
gineering responsibility. Growth in the world's population 
will call for storage of larger quantities of high-quality 
commodities for longer periods. Industries processing 
food commodities are increasingly demanding products of 
known and uniform quality. Improved conditioning 
facilities are essential to speed crop harvesting. Importance 
of the problem was never more apparent than in the 
last few years of record crop production. 

Crop conditioning is, of course, closely related to pro
cessing and storage. It may mean something entirely 
different from drying or dehydration. In some cases it 
may mean cooling or freezing. In others it may involve 
semi-processing, packaging, or treatment for preservation. 
The term implies preparation by the producer of products 

for storage. It is an essential part of the marketing process 
where storages, machines, and engineering techniques are 
involved. 

In recent years considerable research has been done to 
establish the storage requirements of different farm com
modities (8, 9, 10, 11). This work is the first step in the 
development of adequate storage facilities. Most farm 
crops are living organisms in which physiological processes 
involving respiration or enzyme action continue even after 
the products go into storage. In the past our failure to 
understand this basic fact has resulted in enormous losses 
of food products, and even now storage facilities in most 
countries are entirely inadequate and not well designed to 
protect food crops from damage by moulds, chemical 
action, insects and rodents, and similar causes during the 
period of storage. The improvement of such facilities in 
the next few years offers one of the primary opportunities 
of increasing food supplies for the consumer and ex
tending the usefulness of those that are produced. 

SUMMARY 

In the main, this discussion has been confined to ma
chines and techniques for crop production and handling. 
As guide lines for the future I have pointed out op
portunities for further advancements in food production 
by (a) more efficient use of labour, power and ma.chines, 
(b) improvement in the industrial, social and educational 
facilities along with agricultural equipment for less 
mechanized areas, (c) increasing basic research to establish 
the requirements of soil structure and manipulation for 
maximum plant growth, (d) parallel improvements in 
mechanization of all operations on those crops where hand 
labour requirements are still high, (e) development of 
precision techniques for planting, cultivation and weed 
control, fertilizer distribution, insecticide and fungicide 
application, and similar operations, and (f) more efficient 
methods of harvesting, conditioning, processing and 
storage for better utilization of all commodities produced. 
Certainly there are other opportunities outside the scope 
of this discussion for engineers to make a contribution to 
improvements in food production that will be equally 
challenging. 
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Summary of Discussion 
The CHAIRMAN stated that the subject of simple tools 

and equipment for small-scale farming was of great im
portance; as manufacturers catued mostly for the needs 
of large-scale farmers, the requirements of the small 
growers had not been thoroughly investigated and their 
problems had not been solved. Machines available to 
small farmers were usually reduced models of larger 
machines which contained the same number of moving 
parts and were therefore unduly expensive both to pur
chase and to repair. What the small grower really needed 
was cheaper implements specially designed for his pur
poses. 

He remarked that, in the absence of their authors, a 
number of papers would be presented by other partici
pants. 

Mr. :VfuKHERJEE introduced :\1r. Vaugh's paper on 
"Simple Tools and Equipment for Small Scale Farming", 
dealing particularly with experience in India. The author 
listed domestic implements in current use, suggested im
proved implements, in particular a small steel soil in
verting plough and a small steel cultivator with suitable 
attachments for both, and outlined the benefits for the 
farmer which would result. 

The CHAIRMAN introduced the paper submitted by Mr. 
Wright on "Implement Aids for Small-Scale Farming". 
The author stated that in many United Kingdom farms 
which were short of hand labour, improved equipment for 
soil tillage and after-cultivation of row crops was more im
portant than for harvesting. For tillage, it was preferable 
to use not improved hand implements or stronger draft 
animals, but specially designed small tractors, one of 
which, equipped with a winch, was described. 

Mr. RATINEAU summarized the paper submitted by 
Mr. Bourdelle on "Simple Tools and Equipment for Small
Scale Farming". The paper dealt with improvements in 
ploughs and light manual implements. Mr. Ratineau 
further remarked that tools used for tillage must be 
adapted to local soil conditions, must ensure greater pro
ductivity, and must not require a disproportionately 
heavy investment. 

Mr. VELANDER summarized Mr. Berglund's paper on 
"Small Farms Machinery Problems, in the Light of 
Swedish Experience", calling particular attention to the 
development of machinery stations which solved the 
problem of the small farmer who could not afford to 
acquire such machinery. The stations did his field work 
for him and charged for it according to given rules. 

The CHAIR~iAN opened the discussion on the papers 
presented. 

Mr. ]. T. S:-.nTH commended Mr. Vaugh's paper on its 

obstacle to bringing improved implements into use. While 
it was relatively easy to get farmers to accept new im
plements the benefits of which were immediately obvious, 
it was far more difficult to introduce equipment which 
required special training for its operation. In his opinion, 
there were areas in which mechanization was not practical 
for economic reasons and in which production could be 
increased only by means of improved tools. 

Mr. MYINT said that he was particularly interested in 
small-scale farming because that was the type mainly 
practised in his country, Burma. While mechanized 
farming had been introduced to some extent, the greatest 
need was still for improved implements for use on small 
farms. One difficulty was that farmers were frequently 
too poor to afford such equipment. On mechanized farms, 
tractors operating on kerosene (paraffin) were preferable 
to those requiring gasoline (petrol), in view of the high 
cost of the latter. There was still a great shortage of 
trained tractor-drivers and mechanics. 

Mr. RATIXEAU pointed out that small farmers were 
frequently unable to buy agricultural machinery because 
they could not use it efficiently. There had recently been 
a movement in the \:Vestern European countries to form 
co-operatives which were able to acquire such machintry 
and to use it more economically. There were specialized 
co-operatives which owned machinery for some particular 
purpose, such as the spraying of potato and sugar-beet 
crops, and others which owned and operated agricultural 
implements for all purposes. Such a system might be used 
to advantage in some of the territories of the French 
Union as well as in other parts of the world. 

Mr. E. DE VRIES was greatly interested in :.\-1r. Vaugh's 
paper. Research on the improvement of farming tools in 
Indonesia had produced very similar results. It had been 
found, however, that the design of ploughs and the ma
terial used should be adapted to the varying conditions of 
soil, water-supply and the type of draft animals available. 
The greatest obstacle in his experience had been, not the 
ignorance of farmers, but the unwillingness of European 
and American firms to manufacture the different types of 
implements best suited to each region. Once it had been 
possible to obtain a plough made of high-resistance steel, 
the farmers had accepted it willingly. 

He agreed with Mr. Vaugh that too little information was 
available on the equipment currently used and the results 
of experiments with improved implements in Asia and the 
Far East. As the problems of the heavily populated coun
tries in that area were in a class by themselves, he hoped 
that FAO at its regional conference to be held in Asia 
would assemble existing materials and consider the 
question fully. 

concrete and realistic approach and remarked that the Mr. TURNER said that the experience of an agricultural 
common tools enumerated in that paper corresponded engineering programme in China had convinced him that 
closely to those currently used in Saudi Arabia. \Vhile he mechanization of farming should be a gradual process. It 
did not agree that all indigenous implements could be was advisable first to improve hand tools; next, to put the 
replaced to advantage by improved implements, he fully existing draft animals to better use; then, if it was possible 
shared ::Y1r. Vaugh's view that ignorance was the greatest to import horses, to replace those animals by horse-
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r•ower; and on the plains areas to introduce tractors. The 
introduction of new equipment and training in its opera
tion should be simultaneous; power-driven machinery 
could not be put in the hands of farmers who were not 
Ltlly acquainted with it. 

Mr. MUKHERJEE felt that machinery stations, such as 
existed in Sweden, and machinery co-operatives would go 
a long way towards solving the problem of the small 
farmer. 

Mr. Vaugh's paper gave the impression that only im
proved hand implements could be profitably introduced 
into India. He could not agree with that view. Mechani
zation was also possible; electricity was available in many 
parts of India and repair stations for buses and automo
biles could be used to repair agricultural machinery. In
deed, a certain amount of mechanization existed already; 
thus, the Government owned some four hundred tractors 
which had cleared hundreds of thousands of acres of land. 
It had also engaged in large-scale control of pests and 
diseases. 

Mr. AuLL remarked that in the South of the United 
States there were farmers who, while they did not own 
land, had invested in agricultural equipment which they 
supplied to other farmers together with their services. 
Another phenomenon was the existence of firms which 
supplied spraying and other services for large-scale as well 
as small-scale farmers. 

Machinery had frequently tended to displace labour 
from the land. In the South, where there was a surplus of 
labour, the recent experience was that machines were not 
introduced until that labour had found other employment. 
Consequently, machinery was replacing labour rather than 
displacing it. 

Mr. CLAY considered that the point made by Mr. Aull 
was of key importance. The purpose of machinery should 
be to facilitate the work of the farmer and not to replace 
the farmer. It became evident that mechanization was of 
primary importance to agriculture in colonies since the 
farmers could not be left to their archaic methods of 
cultivation. But such a radical change would necessitate 
large capital investment. In order to attract capital in
vestment it would, however, be necessary to obtain a 
l1igher price for agricultural products. 

He felt that, while mechanization of farms was inevitable, 
the use of mechanical equipment should be controlled, 
perhaps through licensing. The future of mechanization 
in colonies depended largely on the development of com
munity farming, whereby a complete unit of mechanized 
equipment could be used on several farms. He did not 
think that individual farmers could afford to own in
dividual sets of mechanized equipment. He thought that 
any such development must entail technical agricultural 
supervision and suggested one qualified agriculturist per 
8,000 to 10,000 acres of cultivation. That figure was based 
Qn actual operations undertaken in the Sudan. 

With regard to the type of equipment to be used, he 
suggested that manufacturers should concentrate on 
building tractors of a simpler design with fewer nuts and 
bolts and, wherever feasible, capable of burning local 
fuels. 

SUMMARY OF DISCUSSION 

Mr. E. A. HARDY said that he would not summarize his 
paper on "Mechanization for Farming" but that he desired 
to make a few comments. He agreed with the statement 
made by Mr. Colin Clark at a previous meeting, concerning 
the need to keep farmers on the land. He felt that every 
effort should be directed towards simplifying the work of 
the farmer and raising his status. If the farmer was in a 
position to enjoy roughly the same benefits as the in
dustrial worker, he would not be so tempted to desert the 
farm. 

With reference to the type of mechanized equipment to 
be used, he thought that manufacturers should give more 
thought to the possibility of simplifying their products and 
particularly to study the types of fuels available in the 
areas where the equipment was to be used. 

He also agreed with other speakers who had advocated 
the system of using one set of mechanized equipment for 
several farms on a contract basis. 

He stressed the need to put science at the service of 
agriculture by designing specialized equipment for every 
specific operation, for instance, milking and feeding. 

He also advocated the establishment of schools and 
demonstration stations to instruct farmers in the use of 
mechanized equipment, since at the moment much of its 
value was lost through improper use. 

Sir William 0GG summarized the paper submitted by 
Mr. Cashmore which dealt with the effect of mechaniza
tion on soil conservation and farm technique in Britain. 
He said that mechanization had progressed very rapidly 
in Britain since 1939. In 1939 there had been 52,000 
tractors in use while the current number exceeded 250,000. 
He said that during the recent war the production of 
human food had been raised from 35 to 40 per cent of the 
total to approximately 75 per cent, through large-scale 
mechanization. He added that some implements were not 
entirely suitable for particular farms and that some re
adjustment of equipment was necessary. 

With regard to the use of harvesting combines, he said 
that straw disposal was one of the main problems that 
remained to be solved. The machines had been modified 
to give a greater threshing and separation capacity for a 
given width of cutter bar, so that a greater volume of 
straw could be dealt with, but the main problem was its 
collection and disposal. 

The CHAIRMAN said that he would summarize the paper 
entitled "Mechanization of Tropical Farming in Hawaii" 
prepared by Mr. Guillou who was not present. Its author 
considered that the mechanization of farming in the 
tropics had progressed slowly because of the relatively 
low value of labour, a lack of popular familiarity with 
machines, and the unavailability of equipment adapted to 
tropical conditions. Another point was the tendency of 
certain soils to adhere to metal parts of agricultural 
machinery. He also pointed out that the abundance of 
weeds and excessive rainfall seriously interfered with 
seeding operations in the tropics. 

The shortage of labour was a serious problem in Hawaii 
and planters were often forced to pay wages as high as 
one dollar per hour. The use of mechanized equipment 
seemed to be the only solution to the high cost of pro
duction. 
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The paper also dealt with the mechanization of sugar
cane production and gave details on land preparation and 
planting, subsequent culture and harvesting. The Ha
waiian Sugar Planters' Association was conducting in
tensive research in the University of Hawaii laboratories 
in an effort to overcome the difficulties that beset sugar
cane production. A similar study detailed the problems of 
pineapple production, including the layout of fields, plant
ing, weed and insect control and harvesting. 

Mr. BARTON summarized the paper presented by Mr. 
Ripley on "Farming Systems in Relation to Soil Conser
vation and Use". The paper referred to farming conditions 
in Canada, which, contrary to popular belief, was not 
restricted to wheat. In that country there was room for 
the expansion of mechanization particularly in the field 
of mixed farming. In Canada the size of the average farm 
was considerable, around 236.8 acres in 1941. He thought 
that it was a moot question whether the acceleration of 
mechanization was due to the size of the farms or vice 
versa. 

There was no doubt that the younger generation of 
Canadian farmers was fully aware that the world was 
living in a machine age and the demand for mechanized 
equipment was mounting daily. Many of those young 
farmers had already become expert operators of farm 
machinery. The only limitation to a greater use of ma
chinery was its high cost. There was a definite relation 
between the cost of each piece of equipment and the 
returns that could be expected from its use, and particular
ly the time element which was very often more important 
than the operation itself. 

Mr. TuRNER summarized his paper which dealt with 
"Guide Lines to Further Farm Mechanization". Although 
the operations of producing food have remained the same 
throughout history, namely, preparing the seed-bed, 
planting, crop control and harvesting, mechanizing or 
engineering these operations increases production per 
worker and assists the crop breeder in producing higher 
yielding varieties. This increased production, which is 
most desirable, calls for conditioning and storage facilities 
and will enable keeping the crops in good condition for 
considerably longer periods than from one harvest until 
the next. 

In the United States of America, which has a good 
record in engineering its agriculture, 10 per cent of the 
crops are lost, damaged or destroyed from the beginning 
of harvest until they are utilized. Mr. Turner felt that the 
present methods of crop recovery and conditioning and 
the storage facilities in his country will have to be im
proved to reduce this heavy loss. 

Engineering crop production calls for co-operative 
effort between the agricultural engineers, crop breeders 
and other scientists. Mr. Turner cited the sugar-beet with 
its clump of seeds. Here the engineer is handicapped in 
precision planting until the sugar-beet breeder develops 
single segment seeds. He also cited work in hybrid corn 
for mechanical pickers. He stated much engineering re
search is required before all operations of all crops are 
engineered so as to release farm labour for development of 
other industries, including manufacturing and trans
portation. 

Mr. ScHWE:'-lDE:\iAN cited as an illustration the change 
in the conditions of Ohio hill farmers from poverty to 
comparative prosperity. Fifteen years before manure was 
hauled and spread by hand; the current rule was not to 
farm any land that could not be reached by mechanical 
manure spreaders. As a result erosion had been checked, 
yields had been increased and livestock improved. 

:Vir. ORozco M. said that one of the principal problems 
in Guatemala was the rough and hilly nature of the ter
rain, which was ill adapted to the use of machinery. 
Special machinery should be developed for ploughing such 
ground; complete equipment was needed, and it should be 
accompanied by instructions so that it could be used to 
the best advantage. 

Mr. RATI~EAU agreed with Mr. Turner's remarks with 
respect to incomplete mechanization. In France it had 
been found that it was difficult to get labour for un
mechanized farm work, and the workers demanded and 
.obtained high pay for such work. 

A crop which had become important since the war was 
the potato. Mechanization had not developed very far as 
yet; it was an intensive crop and mechanical harvesters 
tended to leave many potatoes in the ground. 

Mr. HAWKINS, speaking as a representative of the equip
ment industry, said that the industry was interested in 
developing any machines that would improve agriculture 
anywhere in the world. One of the results of the Con
ference would be that the special requirements of various 
countries would become known to manufacturers. 

Mr. KNUDSEN referred to Mr. Hardy's observation that 
mechanization was one way of keeping the young men on 
the farms. Denmark had had the same experience. A 
shortage of labour in Denmark had increased the impor
tance of mechanization; the economic aspect of the matter 
was also important. There were a great number of small 
farmers in Denmark who could not afford to buy tractors 
or other large-sized agricultural machinery. One solution 
of the difficulty was the development of co-operative 
machinery stations which had taken place during recent 
years, and which was a new feature of the co-operative 
movement in Denmark. An advantage of those machinery 
stations was that there was always skilled labour to work 
with the machines. 

Many farmers still preferred to use horses for some kinds 
of work. That was an important question when there was 
mixed farming. 

Mr. ZouAI~ pointed out that one difficulty was that 
agricultural machinery was produced in hard-currency 
countries and its price was too high for countries lik~ 
Lebanon. In relation to the low cost of labour, the prices 
of Lebanese produce were high and it was difficult to sell 
surpluses abroad. The result was a lowering of the pea
sants' purchasing power leading to abandonment of the 
land and consequent erosion. The under-developed coun
tries should be supplied with hard currency for the pur
chase of agricultural machinery. 

The development of rural handicrafts would bind the 
peasant to the soil and would allow him to make use of the 
slack seasons. Manufacturers would render a great service 
if they would supply the farmers with simple machinery 
for that purpose. 
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Mr. SAUCEDO CARILLO referred to the history of 
cnlture in Mexico. Machinery had already replaced animal 
traction and the primitive tools used formerly. It rep
n·sented a great progress in the production and utiliza
tion of natural resources. 

He hoped that some action might be taken to reduce the 
p::ice of agricultural machinery, so that it would be 
b~ought within the reach of all countries. 

Mr. GnLLAUME referred to Mr. Clay's remarks \Vith 
n·gard to the development of agriculture in tropical 
African countries. He recalled that the area cultivated 
b:,r workers with only manual tools amounted to three
qnarters of a hectare per worker in the forest and other 
Z(•nes. Studies had shown that a large proportion of the 
time of the worker was wasted in non-productive labour. 
Iu view of the low yield, the indigenous inhabitants could 
h:trdly provide for their own elementary needs. To reme
d'.' that situation the introduction of animal-drawn 
pioughing had been considered, but it could not be used 
eYerywhere in Africa on account of the prevalence of 
cattle sickness; in some zones also the nature of the 
vegetation rendered ploughing impossible. In other 
places ploughing might accelerate erosion. 

The farmers' productivity could be increased by en
abling them to carry out non-productive work mechanical
ly, which could be done by setting up co-operatives with 
mechanical equipment. Co-operatives could also be or
ganized to deal with harvesting, transport and sale of 
products. 

The use of the tractor would imply a complete revolution 
in the old family culture system. That problem could be 
dt·alt with in tropical countries by the establishment of 
pilot projects. 

Mr. GABBARD did not share l\Ir. Clark's optimism with 
regard to He thought that, as machines and tech
niques improved and the volume of production per man 
in:reased both in industry and agriculture, it would be 
logical to expect prices to fall rather than rise. 

Mr. BRADFIELD said that he had often been astounded 
at the ignorance of boys in his classes who came from 
backward countries concerning agricultural problems. 
They possessed textbook knowledge, but knew almost 

SUMMARY OF DISCUSSION 

nothing of the art of agriculture. He felt that, as long as 
technical education in agriculture was largely the mono
poly of the non-farming population, there would be an 
unnecessary time-lag between progress in agricultural 
science and progress in the art of agriculture. It would be 
well to select intelligent boys from farms in backward 
countries and train them in modern agricultural methods 
so that they could spread the knowledge of such methods 
in their countries. 

Mr. E. A. HARDY thought that either by means of co
operative use or machine exchange or contract farming, 
the education of experts in the proper use of machines to 
conserve land could lead to great progress in the spread of 
mechanization in other countries. 

Secondly, he said that in Canada many farmers had built 
machines to suit their individual needs with the aid of the 
local blacksmith. Such a development might be en
couraged in countries which had special local conditions. 

Mr. 1\h:rmERJEE agreed with Sir William Ogg that it 
was essential to pay attention to the question of soil 
fertility in relation to mechanization. 

The farmer should not lose the ownership of the land as 
a result of mechanization. If that were to occur it would 
raise many serious problems. 

In India the soil washed away by the rains and deposit
ed in tanks and river-beds was periodically transported 
back on to the land as a manure. Labour for that work 
was in short supply and machinery was urgently needed. 

The problem in India was that farmers were very poor. 
Besides very few boys were able to receive a scientific 
training. He did not think that it was necessary to be a 
farmer's son in order to learn botany or soil science. 

::Vlr. ORELLANA A. said that the population of Venezuela 
was small in proportion to its area. Thus there was a 
shortage of man-power. Farmers preferred to migrate to 
the cities and to work for the oil companies. For that 
reason Venezuela had mechanized much of its agriculture. 
Skilled labour was, however, needed to operate the ma
chines. The machinery imported from the Cnited States 
had not given as good results as had been hoped, since it 
was not altogether suitable to the terrain. The machinery 
used in Hawaii for the sugarcane could be adapted to 
Venezuelan needs with a loss of 5 per cent. 
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Improving Soil Productivity: Temperate Climates 

SIR WILLIAM G. OGG 

ABSTRACT 

Soil Surveys: Necessary foundation for other advances-enabling fuller use to be made of existing knowledge and 
future discoveries; need for correlation of soil types in different countries. 

Draining and Irrigation: Regional schemes needed to make local schemes possible; encouragement of indi
vidual effort by technical advice, hiring machines, and subsidies. 

Cultivation: Conservation of moisture and plant nutrients by surface cultivations due mainly to weed destruction; 
possibility of reducing cultivations by using weed-killers; cultivation by contract and hiring of tractors and implements. 

Systems of Farming: No suitable crop rotations in relation to erosion, soil structure, soil fertility and plant 
diseases; advantage of grass leys; improvement of grass-seeds mixtures and selection of efficient pasture legumes; 
livestock; weed control. 

Liming: Large areas requiring lime; soil acidity surveys; surveys of lime resources and provision of adequate 
supplies; liming subsidies and preferential transport rates. 

Manuring: Importance of organic manures and need for utilization of sewage sludge; increased yields from 
fertilizers and importance of adequate dressings; advisory services; surveys of fertilizer practice; inadequate manuring 
of grassland; differences in fertilizer consumption in different countries; need for increased production of fertilizers; 
subsidies to encourage use; possibilities of more efficient farms; advantages of fertilizer placement; importance of trace 
elements. 

Agricultural conditions and farming practices, even 
when we are considering only the regions of temperate 
climate, are very varied and the methods employed to 
improve soil productivity must, of necessity, also vary 
>videly. 

During the past century, agricultural research has 
thrown light on many of the reasons for traditional prac
tices and has led to vast improvements in old methods 
and to the introduction of new ones. The result has been 
an enormous increase in food production in many parts of 
the world and the pressure of increasing populations 
makes further increases essential, particularly in regions 
where productivity is still low. 

It is not the purpose of this conference to discuss the 
details of the researches which have made these advances 
possible but rather to consider their wider application to 
practice. Some of the more recent discoveries are only 
beginning to be applied and it is desirable to expedite the 
process; others have long been successfully used in some 
regions and we ought to study the possibilities of extend
ing their application to others. 

My aim, therefore, is to review briefly certain scientific 
advances and successful techniques under the following 
headings: the study and mapping of the different classes 
of soils, draining and irrigation, cultivation, systems of 
farming, liming and manuring. 

THE STUDY AND MAPPING OF THE DIFFERENT CLASSES OF 

SOILS 

There is within the temperate and warm temperate 
z,mes a wide range of soils, some of which differ funda-

with podzolic and brown forest soils. These turned out to 
be quite unsuitable and this lack of understanding has 
been one of the causes of the soil erosion that has ruined 
so much of the rich land of the world. 

Apart from causing soil erosion, faulty soil management 
is responsible for low output in many regions. Satisfactory 
agricultural systems and soil management techniques have 
been developed for many soil types but full use cannot be 
made of this information until much more soil survey 
work has been carried out. The need for soil surveys is 
particularly great in undeveloped territories. 

In some countries, notably the United States, the soil 
survey is well advanced, but in others there is very little 
knowledge of the types of soil or of their distribution. 
Without this knowledge it is impossible to make adequate 
use of the existing information regarding the maintenance 
and improvement of soil fertility. The carrying out of soil 
surveys is, therefore, one of the most urgent tasks and the 
necessary foundation for other advances. In order to 
facilitate the establishment of soil surveys where they do 
not exist at present, soil surveyors might be loaned during 
the early stages by countries with experienced staffs. 

In the existing state of knowledge in soil surveying 
there is also need for the soil types found in the different 
countries to be correlated so that the information ob
tained in one country can be applied in others. The names 
applied to the main world groups of soils are fairly well 
standardized internationally but the types within these 
world groups often have local place names which carry no 
significance in other countries. 

mentally from others and the world has learned to its cost DRAINI:>;G AND IRRIGATION 

that soil treatments and systems of agriculture suited to Over much of the earth's surface, agricultural produc-
one class may be totally unsuited to another. For in- tion is limited through either an excess or a deficiency of 
s1 ance, much land belonging to the chernozem soil group water in the soil. Removal of the excess through drainage 
h1s been brought under cultivation only within the past is still an art rather than a science but physics and en
cmtury and the early settlers applied the agricultural gineering have already contributed a good deal and will in 
p-actices to which they had been accustomed in dealing future contribute more to the solution of drainage pro-
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blems. Further research is needed to determine more 
accurately the depth and distance apart at which drains 
should be placed. At the present time high labour costs 
deter many farmers who fully realize the necessity for 
draining their land and there is a great need for further 
mechanization to reduce the labour required in excavating 
and filling-in trenches and laying tiles. 

In many places, satisfactory drainage of individual 
farms and individual fields is impossible until large-scale 
regional schemes, which are the business of the State or 
local authorities, have been undertaken. 

The productivity of very large areas of land in many 
countries could be greatly increased by carrying out 
regional schemes and by encouraging individual farmers, 
by means of subsidies and by loaning or hiring labour
saving machines to drain their farms. 

There are also very large areas, particularly in warm 
temperate regions, where lack of water is the limiting 
factor and where productivity could be increased enor
mously through irrigation. Irrigation in many cases raises 
difficult problems through the accumulation of soluble 
salts. Much experience is now available on suitable 
methods of irrigation but many countries which would 
benefit most from irrigation lack this experience. In
valuable assistance could be given in such cases if irrri
gation experts could be loaned in order to start new 
schemes on the right lines. 

As in the case of drainage, irrigation work falls into two 
classes, regional and local. The regional schemes again 
are the province of large organizations or the State but 
local schemes could be encouraged by subsidies, loans and 
the provision of technical advice and help. 

ClJLTIVATIOX 

Research work at Rothamsted and elsewhere on the 
movement of moisture in the soil has shown that after 
rain, when surplus water has drained away the remaining 
water moves very slowly and over quite short distances. 
This knowledge throws fresh light on the effects of culti
vation on soil moisture. A great deal of hoeing and inter
row cultivation, for instance, is done in the belief that the 
dry surface layer produced checks the evaporation of 
moisture from the soil. It has been shown, however, that 
this does not materially reduce the amount of water which 
evaporates from the soil surface and that the benefits ob
tained are largely due to the destruction of weeds which 
compete ·with the crop for water and plant food. Even 
seedling weeds take up a great deal of plant food and have 
a markedly depressing effect on crop yields, particularly 
on soils of low fertility. 

There has been much controversy in recent years on the 
relative merits of ploughing and surface cultivations, but 
it is a generally accepted fact that the cultivation processes 
must differ according to soil, climate and system of farm
ing. In view of the fact that cultivation is one of the cost
liest items in crop production, every unnecessary opera
tion should be eliminated and modern weed-killers may 
reduce the need for certain cultivation operations where 
the primary object is weed controL 

The tractor has opened up new possibilities in culti
vation, particularly in the case of very heavy soils. It has 
made possible deeper cultivations and the carrying out of 
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cultivations in a short space of time when the soil is in its 
most suitable condition and it has reduced costs. Small
holders and peasant farmers, however, frequently cannot 
afford to keep tractors and modem cultivation equipment 
on their small areas of land and cultivation is often done in 
an unsatisfactory and uneconomical way. A series of 
experiments in England comparing deep and shallow 
ploughing has shown that deep ploughing markedly 
reduces the number of weeds. Under these circumstances 
soil productivity could be increased and the living stan
dards of peasant farmers raised if there were facilities for 
having cultivation done by contract and if tractors and 
implements were available on a hire system, thereby 
enabling production to be intensified. In Britain during 
the war, machinery depots have been run under Govern
ment auspices and also by private contractors, and many 
farmers, large and small, have made much use of these 
facilities and continue to do so. The result has been an 
improvement in the standards of cultivation in many 
places and an increase in food production. 

SYSTEMS OF FARMING 

One of the most important factors in the maintenance 
and improvement of soil fertility is the employment of 
appropriate systems of farming. The practice of growing 
the same crop year after year on the same piece of land is 
still common in many places and, under certain conditions 
of soil and climate and with adequate manuring, crop 
yields can be maintained at a high level for many years. 
This has been demonstrated onBroadbalk field at Rotham
sted where wheat has been grown continuously for over a 
century-though not with a view to encouraging the 
practice. The drawbacks to the system are obvious. It 
concentrates the risks of farming, there is a continuous 
drain on the same plant nutrients, the land is apt to be
come weedy, the incidence of certain plant diseases is in
creased and in some regions soil structure is destroyed and 
erosion occurs. 

Monoculture has, fairly generally, been superseded by 
crop rotations and in places which have been farmed for 
long periods, systems of rotation have been evolved by the 
process of trial and error. Rotations often include at least 
one root crop, to facilitate the destruction of weeds, and 
one or more years of grass. Unsuitable or too-short ro
tations may bring about serious outbreaks of disease due 
to soil-borne fungi and other organisms such as eelworms. 

In some cases, the cropping rotation is confined to one 
portion of the farm and the remainder is permanent 
pasture. This system was usual in many parts of England 
but in recent years increasing numbers of farmers have 
been bringing all or most of their land under regular ro
tation with beneficial results. The compulsory ploughing 
up of much permanent pasture for cropping during the 
war encouraged this change of system and it has led to a 
marked increase in productivity . .:Vfuch of the permanent 
pasture was inferior in quality to temporary pasture and 
the arable crops following the temporary pasture also 
benefited. 

More experimental work on systems of rotation is ur
gently required but there is already evidence to show that 
in many regions a regular rotation system which includes 
two or more years under grasses or leguminous crops is 



IMPROVING SOIL PRODUCTIVITY 

very advantageous, particularly for the improvement of 
soil structure. 

Soil productivity could also be increased in many places 
i1 more attention were given to the seed mixtures used in 
laying down pastures. The selection of efficient pasture 
legumes is an important factor in raising the fertility of 
pC>or soils. The introduction of wild white clover in Britain, 
for instance, led not only to remarkable improvements in 
the pastures themselves but also to increased yields in the 
subsequent crops. In Australia, the use of subterranean 
clover has increased the productivity of pastures directly, 
and has also provided a means of building up the fertility 
of soils initially poor in nitrogen so that they can support 
more productive grass species, and later can be brought 
into profitable arable cropping. Much information re
garding pasture seed mixtures suitable for various con
ditions of soil and climate already exists and greater effort 
should be made to have it applied. 

In many regions livestock play a great part in pro
moting high productivity-the manurial residues not only 
providing plant nutrients but stimulating the micro
biological life of the soil and improving its structure and 
texture. On this subject, again, more research is required. 

The drain made by weeds on soil moisture and plant 
nutrients is not adequately recognized. Even seedling 
weeds, as already mentioned, are important and the 
system of farming followed ought to be one which enables 
wceds to be kept down to the minimum. Much progress 
has been made in recent years on the control of weeds by 
chemical methods and in many places crop yields could be 
greatly increased at little cost by means of these selective 
weed-killers. 

LL\HNG 

There are certain soil types in temperate regions, par
ticularly those belonging to the podzol group, which under 
natural conditions have not a sufficiently high lime status 
for many agricultural crops. These types cover an enor
mous area and systematic liming is, as a rule, necessary 
for satisfactory crop production. It is often necessary to 
lime such soils when they are reclaimed for agricultural 
use and afterwards lime has to be applied from time to 
time to compensate for the amount taken up by the crops 
and lost through drainage. At the same time, it must be 
borne in mind that over-liming is detrimental and that 
soils ought to be tested before lime is applied. 

Although these facts are well-known, many farmers 
neglect the liming of their soils and this is often one of the 
chief limiting factors in crop production. In Britain, for 
instance, it was estimated before the war that more than 
half the land urgently required liming and in an attempt 
to remedy this, a subsidy scheme was introduced by which 
the State pays half the cost of liming. A survey of lime 
resources was carried out and new sources of liming ma
terials were opened up to increase supplies and reduce 
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stimulated where it is required there would be a marked 
increase in the world's food supplies. Not only would crop 
yields be increased but quality would be improved and the 
health of animals would benefit. The following means are 
suggested: 

1. The carrying out of soil acidity surveys in order to 
draw attention to the needs and to provide farmers with 
information as to the quantities of lime they should apply. 

2. The provision of adequate supplies of liming ma
terials as near as possible to the farms on which they are 
to be used. Because of the bulky nature of such materials 
and the quantities required, transport often constitutes a 
considerable proportion of the cost with the result that 
land far from the sources of supply is often neglected. In 
some countries this difficulty has been overcome by 
offering preferential transport rates. 

3. The encouragement of liming by propaganda and, if 
necessary, by subsidies. 

MANURING 

During the last two hundred years, the very great in
crease in population, concentrated largely in towns, and 
modern systems of sanitation, have brought the world face 
to face with numerous new problems with regard to food. 

The soil must be repaid for what is taken out of it. On 
the credit side we have the gradual weathering of rock 
particles, the fixation of nitrogen by micro-organisms, the 
decay of plant and animal remains and the farmyard 
manure and compost we return to the soil. On the debit 
side we have what is removed as agricultural produce, 
most of which goes as domestic sewage into rivers and the 
sea, and over much of the temperate region we have also 
the losses through soil drainage. The supply of natural 
organic manures is quite inadequate and without fertil
izers we could not possibly balance the budget under 
present-day conditions. 

Organic manures are of very great importance and fulfil 
certain functions which fertilizers do not. For instance, 
they increase the water-holding and nutrient-holding 
properties of the soil and improve its texture and struc
ture. Efforts should therefore be made to conserve every 
possible ton of natural organic manure and to prevent loss 
in the manure heap. In most parts of the world a large 
amount of liquid manure is allowed to rnn to waste, 
especially on dairy farms. This should be avoided as far as 
possible and in this connexion the technique of collection 
and application employed in Denmark might advan
tageously be followed. 

A good deal of research has also been done in recent 
years on the recovery of sewage for manurial purposes and 
useful sewage sludges are on the market in many places. 
It is highly important that this recovery of sewage should 
be extended. 

FERTILIZERS 

transport costs. As a result of the scheme, greatly in- Since the introduction of fertilizers just over a century 
creased quantities have been used. In the interval, how- ago, a great deal of knowledge has been built up regarding 
ever, more land has been brought under cultivation and their use. The fundamental work done by Lawes and 
even now the amounts being applied are scarcely keeping Gilbert at Rothamsted has been supplemented and ex
pace with the losses and there are still great areas of acid tended by experiments in many parts of the world and 
soils which need liming. A similar state of affairs exists in although it is difficult to get an exact measure of the effect 
many other countries and if systematic liming could be of fertilizers in increasing food production, there is ample 
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evidence that it is very great. The results of certain long
term experiments at Rothamsted and elsewhere, for in
stance, indicate that a moderate dressing of fertilizers has 
led to an increase in yields of more than one-third over a 
crop rotation compared with dung alone. Further evi
dence has been obtained from a statistical study by 
Crowther and Yates in 1941 of all the published results of 
one-year fertilizer experiments conducted since 1900 in 
Great Britain and other northern European countries on 
the main arable crops. 

Amongst the points brought out by this comprehensive 
survey are: 

1. Fertilizers bring about a very marked increase in 
crop yields. In the case of nitrogen, a dressing of 0.25 cwt. 
per acre gives average responses of 20 per cent in grain 
crops and just over 20 per cent >vithout dung and 12 per 
cent with dung in root crops. A dressing of 0.50 c~i:. 
P 20 5 gives only a small increase in grain crops but swedes 
give a response in the absence of dung of from 20 per cent 
to 50 per cent. Potatoes and mangolds show about half 
the response and sugar-beet less. In the case of potash, 
potatoes give the greatest response, 0.50 cwt. K 20 giving 
an increase of 18 per cent in the absence of dung and 6 
per cent when dung is present. Swedes ( Brassica Ruta
baga) and mangolds are somewhat less responsive and 
sugar-beet and cereals still less. 

2. In most cases, apart from phosphate and potash on 
cereals, greater responses can be obtained by heavier 
dressings than those just quoted and the most efficient or 
most profitable can be calculated by taking into account 
such factors as cost of fertilizers and value of crop. It 
must, of course, be recognized that climatic and soil con
ditions affect the responses and the amounts it may be 
desirable to apply. 

3. It was found that on dunged land, phosphatic fertil
izers gave about one-half and potash fertilizers about one
third of the crop increase obtained on undunged land but 
the need for nitrogen was unchanged. It appears that the 
dung enables crops to respond profitably to much more 
nitrogen than dung itself can supply. 

4. Fertilizer applications should be adjusted to the 
cropping. It was shown that the limited supplies of 
phosphate and potash available in Britain in war-time 
could be used much more profitably by applying them to 
responsive crops such as potatoes and withholding them 
altogether from cereals, than by dividing them between 
all crops. 

Although a good knowledge of the principles of ma
nuring exists, there is the question how far this knowledge 
is applied in farming practice. In order to obtain infor
mation on this point, a Survey of Fertilizer Practice is 
being carried out in England by the National Agricultural 
Advisory Service in co-operation with l(othamsted. 

From this it would appear that fertilizer practice varies 
a great deal in different parts of the country. This is to be 
expected because of the wide differences in types of 
farming and in soil and climatic conditions. There 
however, more in it than that. There are farmers in every 
district who are backward in their use of fertilizers and 
there are also whole districts backward compared with 
others. Generally speaking, the traditionally arable 

regions use more adequate amounts of fertilizers than the 
dairying and cattle raising regions and they also differen
tiate between the needs of different crops. Another point 
brought out is a widespread failure to recognize the special 
needs of old grassland, so much of which was ploughed up 
during the war. It has been assumed that such land has 
large reserves of plant food and requires little or no 
fertilizer whereas it is often very deficient in lime and 
phosphate. The manuring of grassland in most parts of 
the country is quite inadequate and this is probably true 
in many parts of the world. During the war this was, 
perhaps, inevitable, but even in peace-time it was neg
lected. 

The fertilizer survey has also shown that the manuring 
of crops varies very much with the size of farm. The larger 
and better educated farmers appear to be in close touch 
with the Advisory Service and to realize more fully the 
value of fertilizers, whilst those who most need advice are 
least inclined to seek it. 

The fertilizer consumption per acre of arable land shows 
very great differences in different countries and the varia
tion seems to be generally in accordance with the intensity 
of farming and with the proportion of market gardening. 
Before the war, Holland used five times, Belgium three 
times and Germany over twice as much fertilizer per 
arable acre as Britain and the average yields in Holland 
and Belgium were much greater than those in Britain. 
Although these higher yields could not be attributed en
tirely to heavier manuring, this no doubt played a great 
part. Britain and Denmark used similar amounts and the 
agriculture of both countries depended a great deal on 
livestock fed with cheap imported feeding stuffs which 
provided large amounts of additional plant food from 
manurial residues. Part of this reached the land in farm
yard manure but much was lost in drainage and probably 
a good deal less was lost in Denmark where much more 
trouble was taken to collect the liquid manure and apply 
it to the land. Before the war the whole of the l:nited 
States used less fertilizer than Germany alone and over 
half was used in the Southern region, especially in the 
cotton States. The average rates in the New England 
States and in the Middle Atlantic region were much the 
same as in Great Britain and France respectively, and this 
reflects the general similarities in their climates and types 
of agriculture. The :Vfid-West and Western regions use 
relatively little. 

Since before the war the consumption of fertilizers in 
Britain has roughly doubled but the arable acreage has 
also increased very greatly and there is scope for a very 
considerable increase in the amounts which could profit
ably be used. 

It is clear that fertilizers have been responsible for a 
vast increase in production and that a further large in
crease is possible by using larger quantities of fertilizers 
and using them more efficiently. Let us consider for a 
moment possible methods of achieving this. 

1. Since the outbreak of war, fertilizers have been in 
short supply in many countries and there is need for 
an increase in production. In order to encourage the use 
of fertilizers, by keeping prices at a low level, some govern
ments have found it advantageous to subsidize them. 
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2. Efforts are needed to get the existing knowledge on 
the use of fertilizers across to the farmers by means of 
.\dvisory and efficiency could be increased in 
many places by more field experiments and soil testing. 
The value of such work is greater where it can be inter
preted in terms of a soil survey. 

3. Fertilizer surveys would provide information as to 
1 he present fertilizer practice and would indicate to the 
agricultural advisory services the areas and crops on 
which they should concentrate. 

4. Less than 25 per cent of the phosphate and usually 
much less than 50 per cent of the potash and nitrogen 
applied to the soil can be accounted for in the crops. In 
(lrder to increase efficiency, methods of application of 
Jertilizers require critical examination. Under certain 
circumstances, fertilizer placement, in which the most 
important advances have come from the United States, 
has been shown to be highly advantageous and should be 
more widely adopted. New and improved forms of fertil
izers must also be sought. 

TRACE ELEMENTS 

One of the most important and interesting advances 
made in recent years in the study of soil fertility is the 
recognition of the part played by what are termed the 
micro-nutrient, minor or trace elements. Deficiencies of 
these essential elements reduce the yield or impair the 
quality of crops, and, in some instances, the health of 
animals is affected. In many parts of the world, especially 
where agriculture is old and highly developed, micro
nutrient deficiencies are of secondary importance, affect
ing only small areas of land or occurring sporadically in 
some particular climatic conditions; for example, boron 
deficiency in Britain is serious only in drier seasons. How-
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ever, they sometimes occur on the most productive soils
manganese deficiency is especially associated with organic 
soils which otherwise are verv fertile. Elsewhere, deficien
cies are so severe and widespread that the successful agri
cultural exploitation of large areas depends on the supply 
of the deficient element, for instance, copper and cobalt 
deficienCies in Australia and New Zealand, the former 
affecting both plants and animals, the latter only animals. 
In South Australia the addition of molybdenum has been 
found to be essential on acid podzolized soils for the es
tablishment of subterranean clover. There are also cases 
of excesses of certain elements having detrimental effects 
on both plants and animals. Productivity could he in
creased in many regions if these deficiencies and excesses 
were corrected and with this aim in view surveys of where 
they occur are highly desirable. 
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Calcium Adsorption and Lime Loss from Leaching in Soils 
S. TOVBORG JENSEN 

ABSTRACT 

The reactions between soil colloids and CaC03 and the pH-values of the system CaC03 + H20 + CO, are discussed. 
It is shown in a number of Danish soils divided into three groups according to their mechanical composition that the 

pH-value in each group is very nearly a linear function of the base saturation degree. Totally unsaturated mineral soils 
show pH-values of 4.0, humus soils 3.0. A one unit pH increase corresponds to about 25 per cent increase in base satu
ration. 

The loss of lime by leaching in relation to the quantity applied was studied. The pH and the content of adsorbed 
calcium, in the upper 20 em., increase with increasing quantities of lime; a comparatively smaller part of the lime was 
fixed by the clay-humus substance after heavy than after light liming. Parts of the adsorbed calcium were lost by 
leaching during the period of investigation. This loss increases when lime saturation is approached. In the layer 20 to 
40 em., parts of the calcium removed from the upper layer were held back. From the heaviest limed plots receiving 32 
tons CaC03 per hectare the annual loss was I ,000 kg. per hectare closely corresponding to saturation of the down-moving 
water. From plots receiving smaller quantities the loss was smaller, and nearly proportional to the amount applied. 

The reactions between soil colloids and calcium carbonate 
may proceed as follows: 

H 
colloid H + 2CaC03 ----+ 

IH 
colloid I H +Ca+++2HCOJ 

Ca 

L 

-;n 
colloid I H +CaC03 

H 
IH 

-+I H 
colloid , H +C02 

lea 

H 
1. H 
In strongly acid soils, with pH about 4, the first reaction 
will predominate. In nearly neutral soils the reaction 
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proceeds according to the second scheme, one half of the 
calcium being fixed and the other half dissolved and 
gradually leached out. 

When a surplus of calcium carbonate is added to a soil, 
the clay-humus substance will be "neutralized" so far as 
possible under the prevailing conditions. The rest of the 
carbonate remains intact and will in this case be the 
determining factor for soil reaction. According to Bjer
rum and Gjaldbrek (1) 1 the hydrogen-ion concentration in 
the system CaC03 C02 + H 20 may be computed from 
the following equation: 

Cn = k Vp;;-~ · V[CaHJ 

If Pco2 is expressed in atmospheres, the value of the 
constant kat 18 degrees is 10-5 · 02• An aqueous suspension 
of CaC03 in equilibrium with the atmosphere (Pc02 

0.0003 atm.) has a pH-value of SA, which is the highest 
obtainable pH in soils treated with CaC03• When smaller 
quantities of CaC03 are used, it gradually reacts with 
hydrogen ions from the colloids. Then lime saturation, 
with a corresponding pH of about 8, will not be reached. 

Coherent values of the degree of base saturation and 
pH were determined for a number of Danish soils. Ac
cording to Hissink (2) the degree of base saturation is 

s 
V T 100 per cent. S designates milli-equivalents of 

bases per 100 grammes of dry soil; T the total adsorbing 
capacity expressed in the same manner. The total ex
changeable bases S were determined by leaching the soil 
with NH4Cl. Since Na and K, in most Danish soils, 
amount to less than 5 per cent of S, only Ca and Mg were 
determined and calculated according to the above formu
la. The adsorbing capacity T equals S H. The ex
changeable hydrogen-ions H were determined by treating 
the soil with a saturated Ca(OH) 2 solution. The suspen
sion was saturated with C02 at a pressure of 1 atm. and 
then brought into equilibrium with the C02 pressure of 
normal atmosphere. The residual carbonate was deter
mined by decomposition with HCl and adsorption of C02 

in Ba(OH) 2, as earlier described (3). Determined in this 
way, the saturation degree, V, differs from that of His
sink's on the point that V is arbitrarily fixed at 100 per 
cent, when the soil has been brought into equilibrium with 
an excess of CaC03 and a C02 pressure of 0.0003 atm. This 
was proposed by Bradfield and Allison ( 4) because it corre
sponds to the highest degree of base saturation obtainable 
by adding calcium carbonate to soils of the humid regions. 

The soils examined were divided into three groups, ac
cording to their mechanical composition: clay-loam, 
sandy soils and humus soils. Figure 1 shows the pH
values plotted against V, for 50 samples, characterized as 
clay-loam. The adsorbing capacity T, lies between 11.0 
and 62.1. The points are uniformly grouped around a 
straight line in the diagram. The pH-value is very nearly 
a linear function of the base saturation degree. The pH 
lies between 5.1 and 7.9 the corresponding figures for 
saturation degree between 23 and 96 per cent. From the 
diagram the following equation appears: 

ApH 8.1-3.9 4.2 
AV = 100· 

1 Numbers within parentheses refer to items in the bibliography. 

pH~----------------------------------~ 

0 20 40 60 80 v 
Figure I. pH-values and base saturation degree for fifty Danish 

soils. 

This shows that increasing pH one unit corresponds very 
closely to an increase of 25 per cent in base saturation. 
The content of adsorbed bases at complete saturation for 
one hectare to a depth of 20 em., is 670.Tjkg. CaO, when 
the weight of 1litre of soil is 1.2 kg. Expressed as CaC0 3 , 

the quantity is 1200.Tfkg. When not saturated, a soil 
must adsorb 25 per cent of this, if pH is to be increased by 
one unit. In the field, considerably more lime must be 
applied, because calcium carbonate will not be fully 
utilized in neutralizing the soil colloids. 

Quite similar results were found with 45 sandy soils, 
having pH-values between 4.8 and 7.9. The pH-values, 
corresponding to V = 0 and V 100, were 4.0 and 8.2 

. ApH 
respectiVely and A V = 0.042. 

The humus-sand and peat soils (twenty samples exa
mined) had pH-values between 3.6 and 6.8; the cor
responding figures for V lay between 13 and 77 per cent. 
In this case the points lie almost exactly on a straight line. 
When all bases are replaced by hydrogen, pH lies close to 
3. Since the pH in water saturated with C02 at a pressure 
of 1 atm., is only about 4, stronger acids, perhaps humic 
acids, must be present in soils with lower pH-values. 
When saturated with calcium from carbonate, the pH-

value in humus soils is about 8, and ~t: 0.051. 

The humus content in each sample was determined and 
the adsorbing capacity of the humus substance calculated. 
These figures vary about 200 with a mean value of 202. 
One hundred g of humus in equilibrium with CaC03 and 
Pco2 0.0003 atm. contains nearly 200 milli-equivalents 
adsorbed calcium, i.e., 5.6 per cent CaO. The correspond-
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ing pH-value is about 8 and it falls after a straight line, 
with decreasing lime saturation until pH 3, where all the 
calcium has been replaced by hydrogen. An increase in 
lime saturation of 20 per cent corresponds to an uptake of 
1.12 g CaO per 100 grammes of humus, increasing its pH
value with one unit. 

In the discussion of base exchange and base saturation, 
it has been assumed that T, for a certain soil, is constant 
within the limits for soil reaction considered here. In 
order to prove this assumption, soil samples were drawn 
from a field experiment in which increasing quantities of 
lime, up to 32 tons CaC03 per hectare, had been applied in 
] 921. The samples were drawn in 1929 and 1934 and the 
T-value determined in each sample. In the samples from 
1934 the S-values varied from 1.6 to 5.4, the correspond
ing H-values from 9.0 to 5.0. T had a nearly constant 
value of about 10, the small deviations lie within the 
limits of error in such analyses. 

Lime lost from soils by leaching. The soil solution always 
contains carbonic acid, which will react with calcium 
carbonate, according to the scheme CaC03 H 2C03 ----)

Ca++ .J_ 2HC03-. The quantity of carbonate, dissolved up 
to a certain limit, will increase with the content of carbonic 
acid in the liquid and therefore with its C02 pressure. At 
0.0003 atm., 0.060 grammes CaC03 will dissolve in one 
litre; at 0.05 atm., 0.36 grammes; and at 1 atm., nearly 
1 gramme CaC03 • In lysimeter experiments, up to 0.5 
grammes CaC03 per litre drainage water have been found. 
This corresponds to an annual loss of 1,000 kg. CaC0 3 per 
hectare, as one-third of the annual precipitation in this 
country amounts to about 200 mm. This loss, however, 
will only be found when the drainage water becomes near
ly saturated under the prevailing conditions. That will 
probably take place only in soils containing a certain 
amount of finely divided calcium carbonate. With smaller 
carbonate contents, a saturation may not be reached and 
the loss of lime will then be smaller. 

Leaching losses in relation to lime treatment were 
studied by analysing a series of soil samples from field 
experiments, where increasing quantities of ground lime
stone had been applied to the different plots. The ex
periments were laid out in 1921 in three different localities 
with sandy soils. Each experiment comprised "unlimed", 
2, 4, 8, 16 and 32 tons CaC03 per hectare. The annual 
precipitation is 600-700 mm., chiefly as rain. 

From the differently treated plots, samples were drawn 
to a depth of 20 em. in 1925, 1929 and 1934. In 1934, 
samples were also drawn from the soil layers, 20 to 40 and 
40 to 60 em. below surface. In all the samples, pH and the 
content of adsorbed calcium and calcium carbonate were 
determined. 

The pH-value increases with the amount of lime added 
to the soil, approaching an upper limit of about 8. The 
change is most pronounced in the upper 20 em., but some 
neutralization has evidently also occurred in the depth 
from 20 to 40 em. The layer 40 to 60 em. has only been 
affected by liming to a very small extent. 

Also the content of adsorbed calcium in the upper 20 
em. increases with the quantity of lime applied. In 

JENSEN 

OL-~2--4~--~--------~lo~----------------~32 
Tons Ca cu

3 
?er ha 

Figure 2. Adsorbed calcium in the upper ::!0 em. of soils treated 
with different quantities of lime. 

of the curves shows that a comparatively smaller part of 
the lime was adsorbed after heavy than after light liming. 
This may be so, partly because lime is utilized to a smaller 
degree when saturation is approached, partly because lime 
has been lost by leaching from the most heavily limed 
plots. Further, it can be read from the diagram that the 
amount of adsorbed calcium in the soil from the unlimed 
plot has remained nearly constant during thirteen years, 
and that parts of the calcium, fixed by the clay-humus 
substance, have been leached out from the other plots. 
The loss increases when lime saturation is approached. 
Therefore, the rate at which adsorbed calcium will be 
leached out decreases while this process is taking place. 
At the same time pH and the content of calcium ions in 
drain water will be lowered. When this particular soil 
contains about 0.1 per cent CaO in an adsorbed condition, 
a kind of equilibrium seems to have been established, in 
which the calcium, lost by leaching and removed by crops, 
has compensation in the calcium added with fertilizers and 
manures. 

Parts of the calcium removed from the layer 0 to 20 em. 
has been held back by the soil below, chiefly in the layer 
20 to 40 em. This may partly be due to a mechanical 
downwards transportation of minute carbonate particles, 
partly to an adsorption from bicarbonate solutions form
ed in the upper soil layer. In the layer 40 to 60 em., only a 
small quantity of calcium has been held back. The curves 
in Figure 3 show how the adsorped calcium is distributed 
in the three different soil layers, thirteen years after the 
application of lime. Even after applying 32 tons CaC03 

per hectare, a very small amount of calcium has been 
fixed in the layer 40 to 60 em. 

Calcium carbonate in appreciable quantities was found 
only after the heaviest liming and the content of the upper 
20 em. falls rapidly during the period 1925 to 1934. About 
one-third of the quantity lost from this layer was found in 
the layer 20 to 40 em. in 1934, but in the layer 40 to 60 
em. no carbonate could be detected. 

Figure 2, three curves, one for each year of sampling, In order to compare the lime quantities lost by leaching, 
show the results from one of the experiments. The shape with those applied to the soil, we must calculate approxi-
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Figure 3. Adsorbed calcium in soils treated with different 
quantities of lime. 

mately the lime content present per unit of area to a 
certain depth. In the diagram, Figure 4, the lime content 
in the soils receiving different lime quantities is plotted 
against time. The curves bend upwards, indicating that 
the annual loss by leaching runs parallel to the quantity of 
lime present in the soil. As mentioned before, a water 
layer of 200 to 300 mm. should, if saturated, remove 
l ,000 to 1,500 kg. CaC03 per hectare. :X early the same 
quantitv has been lost from the most heavily limed plot.· 
fn this" case, the water, moving downwards, has ap
proached saturation. In the other plots, equilibrium be
tween soil and water has not been reached. The loss by 
leaching will be nearly proportional to the active surface 
of calcium carbonate, i.e., to the amount of limestone 
applied per hectare, provided that the lime is of the same 
fmeness and is evenly distributed in the soil. 

The practical conclusions that can be drawn from this 
investigation are that, in many cases, it is neither neces
sary, nor desirable, to keep soils close to lime saturation. 
Sandy soils, upon which calceophile crops are grown to 
only a small extent, may be kept in a favourable condition 
by relatively small applications of lime. Applying large 
quantities of marl or limestone in order to reclaim the soil 
for many years in the future is not advisable, as a large 
part of the lime applied will be lost every year by leaching. 

Heavy soils, on which chiefly calceophile crops are 
grown, should be limed nearly to saturation, and to pH 
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Figure 4. Lime content in the upper 20 em, in the years 1921-34. 
(I) lJnlimed. (2) 2 tons CaC03 per hectare. (3) 4 tons CaC03 per 
hectare. (4) 8 tons CaC03 per hectare. (5) 16 tons CaC03 per 

hectare. (6) 32 tons CaC03 per hectare. 

7.5 to 8.0. In such cases, we must expect an annual loss 
by leaching, of about 1,000 kg. CaC03 per hectare. Under 
these conditions, it is less inexpedient to reclaim soils for 
a longer period by adding a large surplus of limestone, 
since the loss by leaching, here, lies close to its maximum. 
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IMPROVING SOIL PRODUCTIVITY BRUIN ET AL 

Possibilities of Improving the Fertility of the Soil in The 

Netherlands by More Rational Application of Lime, Inorganic 

and Organic Manures and by Improvement of its Texture 

P. BRUIN 
with the assistance of 

G. M. CASTENMILLER, E. G. MULDER, F. v. d. PAAUW and M. L. 't HART 

ABSTRACT 

The results of experiments made by institutions of agricultural research, by the advisory service and by the Labo
ratory for Soil Testing, according to standardized methods, on behalf of agriculture, lead to certain conclusions. 

By improvements of inorganic manuring, the yielding capacity of the arable area in the Netherlands may be raised 
by 15 to 20 per cent. Of this total, 10 per cent would be due to nitrogen, l to 2 per cent to phosphates,2 to 3 per cent to potash 
and 3 per cent to lime. 

In regard to phosphates, it is presumed that present supplies will not be added to by increased imports; in regard 
to potash, savings are possible on present supplies. Some improvements can also be expected from application of other 
fertilizers, particularly of those containing magnesium. 

Losses of lime and magnesia by leaching and assimilation by the crops are now only partly covered by manuring. 

The yielding capacity of permanent pasture may be raised by 20 per cent if the status of both phosphate and potash 
in the soil is improved, coupled with better drainage and parcelling. Changes in farm management are involved by the 
application of large dressings with nitrogenous fertilizers and the yielding capacity of grassland can be raised by 40 
per cent. 

Intensification of application of organic manures on arable land may result in considerable improvements in several 
agricultural districts. However, they cannot as yet be expressed in an average figure. 

The possibilities of improvements in regard to grassland are estimated at 5 per cent as an average; owing to the 
requirement of large amounts of organic material in agriculture, treatment of domestic and other refuse of urban areas 
has become an urgent problem, only a very small percentage of the refuse being utilized at present. 

Agriculture will benefit considerably by adopting better methods of making and storing farmyard manure. Research 
in this problem will be intensified. 

In the Netherlands, application of improved methods of agriculture is strongly promoted by education and by the 
work of the advisory service. 

The results attained at agricultural research institutes 
and from experiments carried out by government agri
cultural advisers are disseminated amongst farmers by an 
extensive advisory service and by an efficient system of 
agricultural education. 

During the last twenty-five years, results of scientific 
research have been successfully applied for judging the 
st:tte of fertility of arable and grassland. All soil samples 
forwarded by farmers are examined in Holland at the Soil 
Testing Laboratory at Groningen according to well
defined standardized methods. 

Soon it became apparent that a rough estimate of the 
possibilities of improving soil fertility by more rational 
manuring could be arrived at. This was done by sum
m:tries of results of trial plots in regard to the connexion 
between yields and composition of soils (P, K, pH), and 
by frequency curves constructed from results of analyses 
of soils in different agricultural districts. From these data 
it became easier to decide upon the factors to which the 
special attention of students and farmers should be drawn 
by advisers and teachers. 

The influence of various factors upon soil fertility of 
arable and grassland will now be described. 

ARABLE LAND 

Nitrogen 
The right quantities of nitrogen to be supplied to 

various crops on different kinds of soil to procure optimal 
yields is not determined by soil analyses. Results from 
trial plots and practical experience are here the decisive 
considerations. 

In order to ascertain the increases in yield still attain
able in the Netherlands by larger supplies of nitrogenous 
fertilizers, it was not only necessary to investigate the 
manner in which nitrogen stimulates the yield, but also to 
determine the difference between the quantity usually 
applied and the optimum quantity. 

In the years 1940-1945, a large number of nitrogen
phosphate, nitrogen-potash, nitrogen-magnesium and ni
trogen-copper experimental plots were laid out by our 
Institute and the data collected served to get an im
pression of the effect of increasing applications of nitrogen 
on soils with varying contents of P, K, Mg and Cu. Al
though affected by the supplies of other nutritive elements 
to the plants, the following calculations are based upon 
results of small plots, supplied with optimum dressings of 
phosphate, potash, magnesium and copper, while certified 
seedstock was used. 
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The curves representing the yields recorded with various 
nitrogen applications on the plots over several years are 
concentrated into a few general curves. This had to be 
done with great care as the yield resulting from a certain 
application of nitrogen cannot be attributed simply to the 
nitrogen supplied, it depends also upon the store of ni
trogen in the soil. This store varies for different soils. 

Consequently the zero of a nitrogen-manuring curve 
does not coincide vvith the zero of a yield curve, but with a 
point determined by the natural nitrogen content of the 
soil. By ascertaining the absolute zero of each curve by 
extrapolation, the curves became mutually comparable 
and the courses of separate curves for the different crops 
could be calculated (see Figure l). As the nitrogen reac
tion of cereals on various soils showed only very small 
differences, only one common curve was constructed. For 
wheat on sand-y soil, poor in humus, a rather diverging 
curve had to be drawn. Two curves have been constructed 
for potatoes as the two varieties used in the trials showed 
large differences in reaction. If it is knmvn how much 
nitrogen on the average is available from the soil for the 
plants and how much nitrogen is usually supplied to 
different crops by farmers, it will be possible to verify from 
the curve of the averages how much further the yield can 
still be raised by defmed larger applications of nitrogenous 
fertilizers. As for cereals, the quantity of the N in the soil 
available for the crop can be estimated at 60 kg. per 
hectare on the average; and for potatoes at 80 (Voran) and 
60 kg. (Noordeling) per hectare. 
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Assuming that an average dressing of nitrogen for 
cereals amounts to 60 kg. N per hectare (in artificials and 
dung), and for potatoes to 70 kg. :t\ per hectare, it could be 
stated that the yield of cereals can still be raised by 20 
per cent and of potatoes by 15 per cent by increasing the 
applications of nitrogen. The figures refer to fields treated 
like the experimental plots. In practice, however, it is not 
possible to tend crops with so much care and increases of 
yields due to higher nitrogen supplies up to 10 to 15 per 
cent for cereals and approximately 10 per cent for potatoes 
can be expected. 

Phosphates 

Since th~ end of the last century it has become common 
practice to apply generous dressings of phosphates to 
arable land. Usually this plant nutrient was deficient under 
natural conditions but owing to that practice the position 

as to phosphate requirements of soils has greatly im
proved and is now in general satisfactory. The common 
opinion is that these favourable conditions should be 
maintained in order to assure high yields, even if the 
provision of phosphatic fertilizers might moderately be 
wanting. Individual differences in treatment added to 
natural causes have resulted in a large variety of circum
stances. Phosphate deficiency is experienced on newly 
reclaimed soils, on outlying fields, and on badly managed 
farms; in some districts it is partly due to phosphate 
fixation; but on the other hand in many cases the store of 
phosphates is larger than necessary. By advisory work 
coupled with soil analysis, a better distribution of avail
able phosphatic fertilizers according to need is aimed at. 

It is tho'ught possible to achieve satisfactory conditions 
for plant nutrition in regard to supply of phosphates 
embodied in the soil all over the country, ·with few ex
ceptions, without an increase of the total national need for 
phosphates. It is even possible by applying rational fertil
izing schemes to save on them, on behalf of the pastures 
the requirements of which are more substantial than of 
arable land. Improvement of methods of husbandry on 
badly managed farms and in backward districts to current 
standards would result in a rise of the total national pro
duction by 1 to 2 per cent. 

A first aim is the maintenance of suitable soil conditions. 
In addition, moderate quantities of phosphates available 
to the plants regularly supplied with phosphatic fertilizers 
are considered to be of more value than P stored in the soil 
and a good crop, coupled with a small increase in yield 
thereby is assured. Results of further investigations '''ill 
determine whether the method of application of phosphatic 
fertilizer (combined drilling of seed and fertilizer etc.) 
especially on difficult soils (fixation) and the choice of 
certain fertilizers on the basis of the kind of phosphate 
they contain, are advantageous. 

Potash 

The problem of raising the yield of crops on arable land 
by applying potassic fertilizers is quite a different pro
position. Sandy soils and peaty soils do not contain 
natural reserves of potash. Application of correct quanti
ties can only be based upon results of research and practi
cal experience. Before the Second World War, manuring 
with potash was overdone. Higher yields are possible by 
improved distribution in the soil, taking the varying 
requirements of the crops into consideration. A rise in 
yield of from 2 to 3 per cent on the soils mentioned, 
coupled with some saving of potash fertilizers, is considered 
a possibility only to be attained in the course of time by 
advisory work and education. In consequence of the post
war shortage, potash supplies to these soils have been 
adversely affected, appreciable declines in yields are ex
perienced and gradually the small reserves of potash are 
spent. 

The highest yields of crops on sea-silt soils (all supposed 
to be rich in potash) can be ascertained by ample appli
cation of potassic fertilizers to crops requiring potash and 
on soils with low potash content. As a matter of fact, the 
availability of natural reserves for heavy soils is too much 
taken for granted. 

The same applies more or less to river-silt soils but here 
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a material fixation of potash leads to special measures. 
The possibility of spot treatment is being investigated. 
Considering the whole arable area, it is thought to be 
possible to raise the total yield with a small percentage 
without increasing the pre-war national need of potash. 

Lime 
The lime status of the soil is of the utmost importance 

to the productivity of arable land. Both on clay and sandy 
!'oils, lime status and size of yields are closely correlated. 
To attain the highest yields, clay soils must contain a 
reserve of carbonate of lime. For sandy soils a pH of 
r-pproximately 5.5 (determined electrometrically of a 
suspension in water) is most desirable, but the optimum 
Yaries with the fertility of the fields concerned and with 
the kind of crop to be grown. The average relationship 
between the pH of the soil and yields of crops is shown in 
Figure 2. 

PRODUCTION 

20 

pH OF THE SOIL 
4L---------~s~--------~6~------~~7 

~Figure 2. Relation between the pH of the soil and the average 
yields of arable land on sandy soils and on elay soils. As crops 
grown on sandy soils show differences in relation upon the pH of 
the soil, curves of averages have been constructed presuming that 
40 per cent of the area is under rye, 20 per cent under potatoes, 
20 per cent under oats and 20 per cent under mangolds, pulses 

and other crops. 

Due to a climate enhancing podzol formation the soil is 
continuously losing chalk by leaching (the average annual 
rainfall is 717 mm. and evaporation from cultivated land 
523 mm.). Silty soil with a proper lime status loses annual
ly 400 kg.CaO per hectare on the average and sandy soil 
approximately 200 kg.CaO per hectare. These losses of 
lime, estimated at 200,000 tons annually for the whole 
cc•untry (excluding soils still rich in chalk) are at present 
only covered for just over one-half by liming and ma
nnring. It will be necessary for advisers and teachers to 
stress this point. 

BRUIN ET AL. 

As pH determinations of soil-samples have taken place on 
a very large scale, an up-to-date review of the lime status 
in different agricultural districts could be composed 
(Figure 3 refers to sandy soils). Both sea-silt soils and 
sandy soils in the north of the country are much poorer in 
lime than those in the south. As an average, over 40 per 
cent of the sandy soils show a pH below standard and 
15 per cent of the silty soils are too poor in lime. Of river
silt soils, about 60 per cent are short of lime. 

About 25 per cent of all silty soils, i.e., 155,000 hectares 
are too poor in lime. The yields of the crops can be in
creased by 10 per cent by liming. 

The acidity of 30 per cent of the sandy soils is so high 
that liming is a paying proposition, as yields would rise by 
approximately 12 per cent. 

The increase in yields to be attained by liming for the 
whole arable area (1,100,000 hectares) can be estimated at 
3 per cent. 

3.6 

Figure 3. Frequency curves of the pH of arable fields on sandy 
soils in some agricultural districts: l to 4 in the north of the 
Netherlands; 5 to 7 in the middle of the Netherlands, 8 to 9 in 
the south of the Netherlands; and 10 the average for the whole 

country. 

1l1 anuring with other inorganic fertilizers 

Attention should be drawn to the supply of magnesia for 
crops on humus sandy soils. In many places symptoms 
of magnesium deficiency are noticeable with cereals and 
potatoes. According to a rough estimate, 12,000 tons of 
MgO are annually applied in manures to arable land on 
sand but at least 32,000 tons are lost with the crops and by 
leaching. Therefore alertness is necessary. Before long 
the problem will be tackled by soil research. 

Occasionally yields are held back owing to deficiency of 
trace elements. Fruit growers especially should take heed 
of this. Owing to the war, facilities for quantitative deter
mination of trace elements (spectographic analysis) on a 
large scale are wanting, but this inability will soon be 
rectified, and then more extensive preliminary investi
gations will be taken in hand. 
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Organic mamtres 

In the Netherlands, 12 million tons of decomposed 
farmyard manure (containing 48,000 tons of N, 26,000 
tons of P 20 5 and 60,000 tons of K20) is available annual
ly. In addition, the same quantity of fresh dung is produced 
by grazing livestock. Of the former, 40 to 50 per cent is 
used on arable land. In many cases the making and storing 
of farmyard manure leaves much to be desired. According 
to trials carried out abroad (now to be repeated under 
Dutch conditions), improved methods of manure making 
involve a saving of 25 per cent of organic matter and of 
20 per cent of nitrogen which would, of course be of 
economic importance. Also the way of applying farmyard 
manure to the land can be improved. On sandy soils the 
manure should be spread and ploughed in immediately 
after arrival at the field. 

Organic manure not only acts as a fertilizer but has soil
improving effects as well. Several experiments and ex
periences indicate that more liberal supplies of organic 
matter (farmyard manure, compost, green manuring and 
ley farming) to the soil, in addition to roots and stubbles 
left behind by the crops, will improve the texture of the 
soil and increase its yielding capacity. 

Further possibilities still lie ahead. Several experiments 
showed increases in yields of 10 per cent and more. Re
search along these lines is being intensified both in the 
field and in the laboratory. If more organic matter is 
going to be applied to arable land eventually, treatment 
of domestic refuse from urban districts for agricultural 
use, gains importance. At present only a negligible part 
of this refuse becomes available to farming. Research will 
be intensified in this respect, also. 

GRASSLAND 

The average yield of permanent grassland is estimated 
at 2,500 kg. starch equivalent per hectare, equal to a yield 
of 3,500 kg. grain for fodder per hectare, coupled with an 
average supply of 25 kg. N, 30 kg. P 20 6 and 25 kg. K 20 
contained in fertilizers and all the farmyard manure made 
on the holding. Experiments of the last twenty years have 
proved that yields increase considerably by heavy ma
nuring. The reserves of phosphates in the soil leave very 
much to be desired on one-quarter of the total area, and 
on another quarter it has to be considered as being mode
rate or insufficient. Complete data in regard to the supply 
of potash are not available but the general opinion is that 
great improvements are possible. By more rational appli
cation an increase in yield of 20 per cent might be attained, 
but not unless drainage and land distribution are improved 
beforehand. In order to attain this higher level of pro
ductivity it will be necessary to supply 180,000 tons of 
P 20 5 in total; but then it might be possible to reduce the 
annual dressings to an average of 15 kg. P 20 5 per hectare 
meaning in total a reduction from about 40,000 tons to 
about 20,000 tons per annum. In regard to potash it is not 
so easy to make a similar calculation, the more so as the 
required quantities can be partly provided for by im
proved storage of dung and liquid manure. 

From results recorded on trial plots, it can be gathered 
that time is not decisive for raising the productivity of 
soils, but in some peat regions it can be of importance. 
Permanent pasture on sandy soil \vith deficient water
supplies can most probably better be replaced by leys. 
As leys require more lime than permanent grass, dressings 
of this fertilizer will be necessary to attain yields com
parable \vith those of good permanent pasture. 

The yielding capacity of permanent grassland is now 
stimulated by larger applications of nitrogenous manures. 
The herbage of permanent pasture does not consist of 
more than 6 to 10 per cent clover as an average and there 
are no indications that increases of the clover population 
of the sward occasion higher yields. 

It has been proved by a large number of trials that 
application of 200 kg. N per annum per hectare, divided 
into 4 to 6 separate dressings per season results in a net 
increased yield of 6 kg. starch equivalent per kg. nitrogen 
and, if combined with improved systems of manuring, of 
7 kg. net. 

Experience acquired from experiments conducted for 
some years in succession has taught that these applications 
can be continued without any danger to the sward and the 
nutritive value of the grass. If dressings with nitrogenous 
fertilizers were generally raised to the quantity mentioned 
the total yield of grass would increase by 40 per cent, and 
220,000 tons of extra nitrogen would be needed annuallv 
for the total area. " 

As regards farmyard manure, it is knovm that the 
average yields of grass on holdings where it is regularly 
applied to grassland are considerably higher than on 
holdings where this practice is not pursued. 

On silt soil we recorded a difference of 25 per cent, to 
the advantage of the former; in the case the supply of 
minerals contained in farmyard manure was not provided 
to grassland of the latter in some other way. By appli
cation of phosphatic and potassic fertilizers the difference 
will probably be reduced to 10 per cent. On sandy soils 
properly supplied with P and K the analogous difference 
was 10 per cent as an average. This difference in vields is 
of great importance, as it is specially due to pe~iods of 
poor growth of grass during droughts. 

Yet in the case of mixed farms, farmyard manure is 
thought to be of more value to arable land than it is to 
grassland. 

Considering the whole country, farmyard manure will 
be supplied regularly only to one-half of the total area of 
grassland, and therefore the total yield could be raised by 
5 per cent if sufficient quantities were available for general 
application. For this purpose 6 to 8 million tons of farm
yard manure or compost would be required annually. Very 
strenuous efforts would have to be imposed to acquire 
sufficient organic material for covering such an enormous 
demand. 

LITERATURE 

Most of the particulars used for this paper have been 
derived from Dutch publications. Further information_ 
will be gladly supplied on application. 

220 



IMPROVING SOIL PRODUCTIVITY CROWTHER 

Field Experiments as the Basis for Planning Fertilizer Practice 

E. M. CROWTHER 

ABSTRACT 

Extensive series of field experiments are needed to establish the general principles of manuring, to compare new 
forms of fertilizers or methods of applying them, and to determine the returns for various rates of application. The 
problems of determining the optimal amount of fertilizer to provide and the best way to distribute it became particularly 
acute in the United Kingdom from 1940 onwards. Each farmer received a fertilizer permit based on fixed rates for speci
fied tillage crops and additional allowances for soils known to be specially deficient in either phosphate or potash. The 
rates were determined to ensure the highest marginal returns for additional imports. 

Principles of fertilizer allocation can be established by using an expression for the Law of Diminishing Returns to 
bring together results from all available field trials and to calculate the most profitable dressings. Fertilizers are used 
to best advantage when all fields are manured to a constant amount below the most profitable dressings, due allowance 
being made for local soil and climatic conditions and the use of dung. 

Although the approximate form of the response curves relating yields to amounts of fertilizer are known sufficiently 
well for interpolation within the range of dressings realized in practice, it is dangerously misleading to use arbitrary 
constants not determined from the field experiments themselves. Mitscherlich's nitrogen factor implies grossly ex
aggerated maximal responses, which have been used by Willcox for extravagant claims about the potentialities of 
fertilizers. 

Sound planning needs a basis of firmly established facts, 
quantitatively expressed. Such data are particularly 
difficult to obtain in agriculture, for farn:ers can rarely 
isolate the effects of individual factors from complex and 
ever varying conditions. The difficulty is not solved 
merely by collecting large numbers of individual opinions. 

Where fertilizers are in regular use, direct trials are 
needed to establish the general principles of manuring and 
to guide local farmers. In many countries even qualitative 
data are lacking. Most of Asia, Africa and South America 
use negligible quantities of fertiliz.er, and it is impossible 
on present evidence to say whether their introduction 
would be economic or whether any local production 
of fertilizers should start with nitrogen or phosphorus 
fertilizers. 

ALTERNATIVE KINDS OF FERTILIZERS 

It is not safe to assume that current fertilizer practices 
are well adapted to local conditions, for the farmer's 
choice of fertilizers is limited by industrial, economic and 
political considerations beyond his knowledge and control. 
In 1936 the ratio of potash to phosphoric acid in the total 
fertilizer employed was about one-half in Great Britain, 
France and Denmark, about one in Holland and Belgium 
but about two in Germany. The abnormally high use of 
potash in Germany must be ascribed to vigorous propa
ganda for indigenous potassium salts. There is probably 
room for better adjustment in the other countries. 

Sometimes practices adopted for convenience or through 
chance circumstances become stabilized by custom or law 
and may then restrict new developments. Thus Dutch 
farmers buy single fertilizers and apply them separately, 
often at different seasons, whilst British and American 
farmers buy the bulk of their fertilizers in mixtures, and 
generally apply them mechanically. The readily available 
phosphate in superphosphate and mixed fertilizers is 
evaluated by a water-solubility test in Britain and by an 
ammonium citrate test in the United States. This ap
parently minor chemical detail has largely determined the 
pattern of fertilizer development in the two countries and 

made it difficult to apply in one country the benefits of 
research and experience in the other. Partly for this reason 
Britain has no ammoniated superphosphate. In the 
United States the general adoption of the citrate-test 
allowed ammoniated superphosphate to be introduced 
rapidly when synthetic ammonia was produced far from 
supplies of the gypsum needed to make the traditional 
ammonium sulphate. A large number of field experiments 
will be needed in Britain and some other European coun
tries before it will be possible to introduce some of 
the newer American developments in the production of 
fertilizers. 

AMOCNTS OF FERTILIZER 

Farmers, importers, manufacturers and Governments 
have constantly to decide how much fertilizer can pro
fitably be used. The problem becomes particularly acute 
when changing price-structures or restrictions on supply 
upset traditional customs. Purely qualitative statements 
-"Fertilizers improve crop yields" or "It pays to fertilize" 
-are then of little value. It becomes essential to 
formulate general principles by which to decide how the 
gross output or profit will be affected by a given increase 
or decrease in the amounts of fertilizer used; in other 
words, to determine the marginal returns. The principles 
of rationing animal feeding-stuffs are fairly well known 
and widely applied, but the principles of rationing fertil
izers for soils and crops are far less clearly understood, 
since soils vary more than livestock but respond more 
slowly. 

FERTILIZER RATIONING IN THE UNITED KINGDOM, 

1940 TO 1947 
Problems of determining and distributing an optimal 

amount of fertilizer became particularly acute in the 
United Kingdom from 1940 onwards. It was essential to 
plough up large areas of old grassland and to reclaim un
productive land. In the wetter areas many farmers had 
little experience of tillage crops and fertilizers, but it was 
known that most of the ploughed-out land would be very 
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deficient in lime and phosphate. On other kinds of new 
arable land acute deficiencies of potassium were to be 
expected. The special needs of these classes of land had 
to be balanced against the natural desires of experienced 
farmers in the predominantly arable areas to have more 
fertilizer. To have left fertilizers uncontrolled or to have 
distributed them in proportion to pre-war usage would 
have caused widespread crop failures on new tillage land, 
on which much effort and material had already been ex
pended. Further, it is well known that fertilizer responses 
exhibit the Law of Diminishing Returns, and that some, at 
least, of the old arable land had good reserves of certain 
nutrients from high-farming in the past. The situation 
required a new fertilizer policy, based on all available 
field experimental data and local knowledge of soils and 
capable of being adjusted to rapidly fluctuating imports 
of food and raw materials. 

Supplies of nitrogen fertilizers were ample, and their 
use trebled between 1939 and 1944. Most of the phosphate 
and all the potassium had to be imported, and, in spite of 
acute difficulties of supply and shipping, the consumption 
was doubled for phosphate and increased by one-half for 
potassium between 1939 and 1944. In the latter years of 
the war every farmer received a permit showing the total 
amount of phosphoric acid (P 20 5) and potash (K.O) to 
which he was entitled in the interest of maximum aggre
gate production. These amounts were calculated from his 
approved cropping plan by allotting fixed rates to speci
fied tillage crops. (There was none for established grass
land on which the returns were likely to be too slow.) In 
addition, separate allowances were made for soils known 
to be specially deficient in either phosphate or potash, and 
also for all old grassland ploughed-out after 1939. The 
annual rates for the season 1944-1945 are given below for 
the principal farm crops: 

kg. P 20 5 per hectare per annum 

88 potatoes, swedes, market garden crops 
63 sugar-beet, peas, beans, root and green crops for 

stock-feeding, roots and vegetables for seeds, seeds for 
three-year leys 

13 cereals, flax, seeds for one-year leys 
l3 all grass (over seven years) ploughed-out since 1939. 

kg. K 20 per hectare per annum 

150 potatoes 
75 flax, roots and vegetables for seed 
38 sugar-beet, mangolds, beans, market-garden crops. 

THE PRINCIPLES OF FERTILIZER ALLOCATION 

----~ .. ~~···-~··---··~ 

ses to these dressings for certain specified sets of condi
tions with conversion factors for changing to other condi
tions. 

Current fertilizer prices and estimated crop values were 
used to calculate the most profitable fertilizer dressings. 
It was shown that a given quantity of fertilizer is used to 
best advantage when the rates for all crops fall by a 
constant (not a proportionate) amount below the most 
profitable dressings for the specified conditions. The most 
profitable dressings are not, of course, sharply defined. 
This is one reason why neighbouring farmers appear to be 
equally successful at widely differing levels of manuring. 
In time of shortage it is clearly better from the national 
point of view to ensure modest supplies all round with 
additional amounts for priority crops and specially de
ficient land than to allow some farmers to be extravagant 
and others to neglect manuring. \Vhere controlled prices, 
subsidies or rationing interfere with the normal adjust
ments of supply and demand, the relative values of crops 
and fertilizers can be estimated in terms of the costs and 
facilities for additional imports of equivalent foods or raw 
materials. 

The standard responses adopted by Crov..iher and Yates 
are listed in Table 1 for some of the principal tillage crops 
in the United Kingdom for certain specified conditions. 
Two sets of values are given for phosphate responses to 
illustrate the rule that soils in the wetter parts respond 
more than those in the drier ones. (Although the field 
experimental data did not establish the point, less nitro
gen should be used in the wetter areas because excessive 
vegetative growth might increase the risk of lodging or of 
damage by fungi.) 

The problem of allowing for the available plant nutrients 
in dung illustrates very well the difficulty of settling agro
nomic questions on a priori grounds. It was found by 
comparing responses on dunged and undunged fields that 
dung reduced the standard responses by one-tenth for 
nitrogen, one-half for phosphoric acid and two-thirds for 
potash (the last figure is from a later revision by Crow
ther). The fact that almost as much nitrogen should be 
used on dunged as on similar undunged land was not pre
viously recognized, though it has been confirmed in sub
sequent experiments. It appears to depend on the joint 
physical, chemical and biological effects of farmyard ma
nure which enable crops to utilize much more nitrogen 
than the farmyard manure itself can supply. The general 
recommendation was that dunged fields should receive 
about the same amount of nitrogen, about 50 kg. less 
phosphoric acid and about 75 kg. less potash per hectare 
than similar undunged land. 

Relatively few quantitative trials have been carried out 
In a general treatment of the problem of allocating on manuring grassland, especially for pasture. Yates has 

limited quantities of fertilizers, Crowther and Yates shown from a few preliminary British trials that for grass, 
analysed all available field experimental data on the as for most tillage crops, a standard dressing of 31 kg. N 
principal tillage crops obtained since 1900 in the United per hectare gives about 350 kg. additional starch-equiva
Kingdom and some other countries of northwest Europe. lent per hectare. \Vhen suitable ways can be found for 
They employed a simple expression (discussed in the last utilizing the additional flush of grass by controlled grazing, 
section of this report) for the Law of Diminishing Returns grass-drying or ensilage, the output of well-managed 
to reduce the results of experiments made >vith different grassland may be greatly improved by using much more 
rates of fertilizer to certain standard dressings (in cwts. nitrogen fertilizer. Under less intensive conditions the 
per acre 0.25 N, 0.5 P 20 5 and 0.5 K 20 or in kg. per hectare paramount needs are, of course, for calcium, phosphorus 
:n ::--r, 63 P 20 5, 63 K 20). They tabulated standard respon- and potassium to increase the growth of legumes. 
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SURVEYS OF FERTILIZER PRACTICE 

Detailed surveys on small randomly selected samples of 
farms have served a useful purpose by showing how far 
current practice agrees with established principles, and 
where special problems require research or educational 
drives. Two examples of wartime experience in Britain 
may be quoted as examples. (F. Yates, D. A. Boyd and 
L Mathison.) In the newer arable areas of the wetter 
r:2gions farmers commonly failed to appreciate the special 
\alue of farmyard manure for potatoes, even though they 
l1ad much larger supplies than the specialized growers in 
H1e drier areas. Almost everywhere farmers gave more 
phosphate to crops on their old arable land than to those 
on newly ploughed-out grass. They mistook richness in 
organic matter and available nitrogen for all-round fertili
ty and failed to appreciate that soils rich in humus may be 
particularly deficient in calcium and phosphorus. 

SOME PROBLEMS NEEDING FIELD EXPERE\fENTS 

The standard responses adopted by Crowther and Yates 
need to be revised from more adequate masses of data and 
extended to cover other crops and regions. To illustrate 
the possibility of establishing general rules, with suitable 
modifications for local conditions, the standard responses 
in Table 1 are compared in Table 2 with those for similar 
dressings of fertilizers in 27,000 fertilizer trials conducted 
in Germany in the 1930's, recently summarized by E. A. 
Mitscherlich. Most of the root crops in the German trials 
had probably received dung. The responses to nitrogen 
are similar to those in the table of Crowther and Yates. 
The German responses to phosphate are higher than those 
for dunged land in the wetter parts of Britain. 

For mangolds and potatoes the German responses to 
potash are about midway between those for dunged and 
undunged land in Britain. The German experiments com
pletely fail to justify the pre-war German balance between 
phosphorus and potassium in fertilizers. 

Table 1. Standard Responses to Fertilizers (E. M. Crowther 
and F. Yates) as Crop Increases in Metric Quintals (100 kg.) 

per Hectare 

Root crops w-ith dung Cereals 
Standard fertilizer 1\1an- Sugar- without 

dressing per hectare Swedes golds beet Potatoes dung 
31 N .. 53 68 23 23 4.4 
63 P 20 5 (drier areas) 30 18 8 8 0.9 
63 kg. P 00 5 (wetter areas) 75 43 18 20 2.1 
63 kg. K.o . 19 30 5 10 0.9 

Table 2. Average Responses to Fertilizers (E. A. Mitscher
lich) as Crop Increases in Metric Quintals (100 kg.) per Hectare 

Fertilizer dressing 
per hectare 

30 kg. N ... 
60 kg. P 20 5 •••• • 

60 kg. K 20 ..... 

M.angolds 
65 
72 
51 

Sugar-beet 
30 
31 
20 

Potatoes 
26 
24 
14 

Cereals 
5.5 
3.3 
1.7 

Once standard response tables are established for the 
principal crops of any region, the results of local experi
mc~nts can be correlated with soil types and soil analyses 
to develop rules for local adjustments. Often quite simple 
soil tests will serve. Thus low pH values pick out soils 
m ecling extra phosphate as well as lime. Rapid soil tests 
ard foliar diagnosis reveal acute nutrient deficiencies of 
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phosphate and potash. In Denmark the results of field 
experiments and soil analyses were related to the fluctu
ating prices of crops and fertilizers by issuing annual 
tables showing at what price-levels it would pay to use 
specified fertilizer dressings on soils of known analyses. 

For simplicity the above statement of the principles of 
manuring has been expressed in terms of individual nutri
ents but it is well known that nutrients and other factors 
affecting growth do not act in isolation with a single 
limiting factor, as was implied in Liebig's Law of Mini
mum. The joint effect of two plant nutrients is often 
greater than the sum of their effects separately. The 
nature and extent of such interactions must be determined 
by series of field trials. It has been found in British 
experiments that nitrogen and potassium generally show 
a marked positive interaction for sugar-beet but not for 
potatoes, whereas nitrogen and phosphorus generally show 
a similar effect for potatoes but not for sugar-beet. 

Relatively few experiments have yet been conducted to 
decide how long fertilizer effects persist in the soil and 
how far they are influenced by previous cropping. There 
are good grounds for believing that losses of available 
nutrients depend more on leaching and chemical changes 
within the soil, especially in very acid or calcareous soils, 
than on the mere removal of nutrients by the crops them
selves. 

In planning higher crop production it is not sufficient 
merely to put back what is carried away in crops and stock. 
To do so tacitly assumes 100 per cent utilization of added 
nutrients, but recoveries are often very low, commonly 
below 50 per cent for nitrogen and potassium and below 
20 per cent for phosphoric acid. These low figures 
are a constant challenge to farmers, engineers and re
search workers to find better materials, machines and 
farming methods. Great progress has been made in recent 
years by replacing occasional heavy dressings of phosphate 
by much more frequent and smaller dressings applied by 
special drills where the phosphate can exert an immediate 
effect on the young crop. 

THE FORM OF THE FERTILIZER RESPONSE CURVE 

Field experimentation is not yet sufficiently accurate or 
representative to establish the general form of the curves 
relating crop size to the amounts of one or more fertilizers. 
Averages of series of field experiments generally show that 
responses to unit dressings fall off as the total rate in
creases. Sometimes it is claimed that phosphates on 
"fixing soils" behave abnormally and give biggerresponses 
once the soil is saturated. If this were true it would pay to 
put all available phosphate fertilizer on a fraction of a 
field and leave the rest unmanured. Such a practice 
would rarely be recommended and, pending much better 
data, it can be assumed that single fertilizers generally 
show the Law of Diminishing Returns. 

A sharp distinction must be drawn between using a 
suitable expression of the Law of Diminishing Returns for 
interpolating within a relatively narrow and experimental
ly realized range of conditions and for extrapolating far 
beyond the known, a totally different and highly dangerous 
proceeding. 

For calculating standard responses and most profitable 
dressings Crowther and Yates used an expression which 
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implied that the response to a second unit of 31 kg. N per 
hectare was about 53 per cent of that to the first unit, and 
the responses to a second unit of 63 kg. of either P 20 5 or 
K 20 was about 40 per cent of that to the first unit, or, 
alternatively, that the hypothetical limiting responses for 
very high dressings (assuming no disturbances) were about 
twice the standard responses for Nand about one and two
thirds times the standard response for P 20 5 or K 20. It >vill 
be recognized that these amounts of "curvature" agree 
with everyday experience. 

E. A. Mitscherlich has used the same equation in some
what different guise in investigations extending over near
ly forty years. His curvature factors for P 20 5 and K 20 
agree sufficiently well with those used by Cro>vther and 
Yates, but his factor of 0.122 for N is totally out of 
harmony with the results of field experiments, including 
those by which he supports his own equations. Un
fortunately fitting curves which approach limits is a te
dious matter, though W. J. Spillman gave a rigid method 
of solution in 1933. Mitscherlich's constant for N was not, 
in fact, derived from his field experiments. He adopted it 
from his pot experiments and brought the field results 
into line by postulating fantastically high hypothetical 
maximal yields and then inventing special explanations 
to account for the universal failure to approach these 
yields. The value 0.122 for N implies that the limiting 
response is about twelve times the response tothestandard 
dressing, and the limiting yield about three times the 
average yields recorded in his latest report for the heaviest 
dressings tested. 

These matters might properly remain technical ques
tions for specialists were it not for the unfortunate circum
stance that Mitscherlich's equation and his arbitrary 
constant for N have sometimes been used by others to 
support wild claims about the returns which might be 
obtained from fertilizers. 0. W. Willcox has recently 
published several papers in elaboration of a so-called 
"Agrobiology" which he had outlined in earlier books, of 
which one had the striking title Nations Can Live At Home. 

Statesmen and administrators concerned with the pressing 
problems of increasing the national or world production of 
crops must be warned that the attractive possibilities 
elaborated by Willcox have no firmer basis than the arbi
trary choice of a constant demonstrably out of harmony 
with the known behaviour of crops in the field. The po
tentialities of future research and development in agri
culture may be limitless, but ill-founded exaggerations 
about possible fertilizer responses serve no useful purpose 
and may be as misleading as the condemnation of 
fertilizers by those who prefer to advocate only "natural" 
manures. 

The only sound basis for improving soil productivity by 
the better use of fertilizers lies in large numbers of reliable 
field experiments conducted on representative sites to test 
products and practices developed from agricultural and 
industrial research. The results must be analysed ob
jectively and inductively to bring out factors by which 
the general conclusions can be modified to fit specified 
local conditions. There is an urgent need for international 
co-operation in developing the field experimental basis for 
planning the more efficient use of natural resources in land 
and raw materials for fertilizers. 
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Cropping Systems as an Aid to Sustained Production 

E. S. ARCHIBALD 

ABSTRACT 

The limited agricultural soil resources in the world, estimated at less than two acres per capita, make optimum 
utilization and conservation a matter of growing necessity. Cropping systems properly adapted to varying soil and 
climatic conditions are essential to optimum food production. Agriculture in Canada affords a number of examples of 
different types of cropping systems. In the Maritime region on the Atlantic seaboard, mixed farming for livestock pro
duction, with a large percentage of the land under grass, is well suited to the soil and climate, but can be improved by 
soil liming and increased production of leguminous hay. In the same region cash cropping of potatoes tends to cause soil 
erosion and depletion of natural fertility, the remedy being an increase in the cropping system in grass and leguminous 
hay. Cropping practices in Quebec and Ontario are somewhat similar, with mixed farming the main soil conserving 
system, and cash cropping a danger to soil fertility and soil structure. On many Ontario farms, not subject to erosion, 
intensive cash cropping has injured the soil structure, with an increase in impermeability and difficulty in tillage. 
Here again a remedy is more grass and legume hay. Predominance of cereal monoculture, mainly of wheat, characterizes 
the agriculture of the Prairie Provinces, where the principal alternative would be grass for grazing and hay. Technical 
improvements in controlling wind erosion and disease and insect pests, as well as an increase in livestock members, 
have helped to maintain cereal culture without change in the cropping system, but these are indications that grass 
culture will have to be combined with cereal culture for long-term maintenance of fertility and physical soil structure. 
Ranching and irrigation on the prairies also involve cropping problems. Cropping systems in British Columbia vary 
widely, but present similar problems to other parts of Canada. The adoption of optimum cropping systems may be con
tingent on the existence of satisfactory land tenure and economic conditions. 

During the first FAO Conference at Quebec in 1945, it 
was stated by Dr. H. H. Bennett, Chief of the United 
States Conservation Service, that to grow food for the 
population of the world, amounting to about 2,250 million 
persons, there were not much more than 4,000 million 
acres of land which, in the present state of agricultural 
technique, could be considered as suitable for crop pro
duction. In short, on the average for the entire world, the 
area per person of actual and potential crop land was 
probably less than two acres. Obviously, considering the 
imperfect and incomplete data available on world soil re
sources, it is impossible that such an estimate should be 
more than a well-informed approximation. It does indi
cate, however, that the ratio of world arable acreage to 
world population is sufficiently narrow to render it impera
tive that soil resources everywhere be used to the best 
advantage for food production, and that they be improved 
and conserved to meet the needs of a growing population. 
Maximum exploitation and maximum conservation must 
go hand in hand if world nutrition is to be raised to and 
maintained at a satisfactory level. 

Primarily, all agricultural products are derived from the 

soil fertility and physical condition, either because of in-
herent physiological properties of the crop them-
selves, or as a result of different methods cultivation, 
the combinations and sequences (or rotations) in which 
crops are grown will have an effect, beneficial or otherwise, 
on the soil. The use made of crops, whether exported or 
returned to the land as crop residues and animal manure, 
will, of course, modify the effect on the soil of a cropping 
system. The development of good cropping systems has 
enabled some countries to maintain and even to increase 
their levels of agricultural production over of 
centuries, while elsewhere unwise cropping 
depleted or destroyed soil resources within a decades. 
Good cropping are essential to continued agri
cultural prosperity. 

With the in mind it is proposed to discuss 
briefly some aspects of the problem of the relation of 
cropping systems to sustained agricultural production, 
soil management and soil conservation, on the basis of 
Canadian conditions and experience. 

AGRICULTURAL LAKD "CSE IN CAXADA 

soil. Optimum production, therefore, whether of plant or Despite the dominant position of agriculture in Cana
animal origin, is contingent on the proper adaptation of dian economy, barely 8 per cent, or approximately 173 
cropping to soil and climatic conditions. In this million acres, of the total land area of the country was in 
connection, we may define "cropping system" as an 1941 occupied for agricultural purposes. Most of this land 
organized plan of production which is systematically is located in several fairly distinct regions distributed along 
followed in a farm enterprise with reference to the kinds of the southern boundary, contiguous to similar in 
crops grown, the combinations and sequences in which the United States. Land actually cultivated amounted to 
they are planted, and the use to which they are put in the about 89 million acres, or less than four per cent of the 
farm business. Any discussion of cropping systems must, total land area. The total area under field crops, fallow, 
of course, involve some consideration of tillage and har- cultivated pasture and natural pasture, the working terri
vesting methods; soil management as regards drainage, tory as regards cropping systems, amounted in 1941 to 
irrigation, liming, application of manure and fertilizers, 140 million acres. :Yiuch of the Canadian territory, of 
etc.; and such economic questions as costs of producing course, is unsuited to commercial agriculture by reason of 
crops, markets and prices. Since, as is well known, the rough topography, absence of soil over rocks, or cold 
production of different crops exerts a varying influence on climate in northern Estimates of the total po-
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tential acreage suitable for cultivation range from some 
350 million acres to about 130 million acres, the higher 
figure representing land which is physically arable, and the 
lower figure land which on present day economic and 
technical levels would support a self-sustaining agri
culture. Cnsettled, tillable land in Canada, suitable for 
present-day agriculture, would probably not exceed some 
40 million acres, much of which is as yet inaccessible. 

The four main agricultural regions of Canada are: 
L The Maritime Provinces of Prince Edward Island, 

Nova Scotia and New Brunswick on the Atlantic sea
board; 

2. The Central Provinces of Quebec and Ontario; 
3. The Prairie Provinces of Manitoba, Saskatchewan 

and Alberta; and 
4. British Cohtmbia at the extreme west. 
Cropping conditions and problems in each of these 

regions are discussed below. 

Acreage and Percentage Distribution of Land under Field 
Crops, Fallow and Pasture in the Four Main Agricultural 

Regions of Canada, 1941 
(In thousands of acres) 

Field 

Hay Fat-
low 

Pasture 

Culti- Natu- Total 
vated ral 

in grain crops (mostly oats), and 4 per cent in intertilled 
crops (3 per cent in potatoes). 

As the foregoing figures would indicate, the major agri
cultural enterprise in the Maritimes is mixed farming for 
livestock production. This involves a cropping system 
which lends itself to soil conservation, fertility levels being 
maintained by the organic matter produced by hay and 
pasture and by the return of manure and crop residues to 
the soil, while the preponderance of hay, pasture and 
spring seeded crops protects the land against water 
erosion. Possibly, the main treatment required for in
creasing production in such farming is the application of 
lime to correct acidity and to promote better growth of 
such soil-improving crops as clover. 

The production of potatoes, the major cash field crop 
gro\m in the :Vfaritimes, presents quite serious problems 
of fertility maintenance, soil conservation and disease 
control. I~ the first place, the acreage of land well adapted 
to this crop is limited, so that many farmers attempt to 
grow potatoes on the same land for several years in succes
sion, or follow short rotations with potatoes being grown 
every two or three years. This is, of course, an extremely 
bad practice as regards soil conservation, since the exces
sive cultivation required for potato production destroys 
organic matter and facilitates erosion. Further, even 
where a rotation of, say, grain, clover and potatoes is 

Maritime Prov. 
Central Prov .. 
Prairie Prov .. 
Brit. Columbia 

Grain 
Crops 

523 
6,466 

36,573 
250 

Hoed 
Crop 

138 
1,199 

283 
27 

1,191 16 709 
5,757 
1,865 

172 

1,177 3,754 practised, the necessity of maintaining the soil in a slightly 
5,970 27,189 acid condition for the control of potato scab makes it 

43,385 106,667 difficult to grow such soil-improving crops as clovers and 
_1_·8_4~. _ 2·_63_0 alfalfa. Heavy applications of chemical fertilizer, up to 

7,469 328 
1,445 23,116 

260 75 

Canada . . . 43,812 1,647 10,365 23,535 8,503 52,378 140,240 

Percentage Distribution of Acreage by Regions 

Maritime Prov.. 13.9 3.7 31.7 .4 18.9 31.4 
Central Prov. . 23.8 4.4 27.5 1.2 21.2 21.9 
Prairie Prov.. . 34.3 .3 1.3 21."7 1.7 40.7 
Brit. Columbia. 9.5 1.0 9.9 2.9 6,5 70.2 

100.0 
100.0 
100.0 
100.0 

Canada ...• 31.2 1.2 7.4 16.8 6.1 37.3 100.0 

2 tons per acre, become increasingly necessary to maintain 
fertility. 

In some districts of the Maritimes potato production 
involves a serious problem of erosion control. This is 
particularly true in the Woodstock area of New Bruns
wick, just across the international boundary from the 
famous Aroostook potato growing area in Maine. In this 
district of New Brunswick potatoes are grmvn to a con
siderable extent on rolling or hilly land, with many farms 

CROPPING SYSTEMS IN THE MARITIME PROVINCES OF running uphill from river frontages in relatively narrow 
CANADA strips. Under these conditions, not only is there a ten-

The Maritime Provinces are characterized from an agri- dency to conduct tillage and seeding operations up and 
cultural viewpoint by variable soil and topographic con- down the slopes, but effective erosion control by contour 
ditions, and by a temperate, moderately humid maritime cropping or terracing is extremely difficult. One obvious 
climate. The distribution of arable land is somewhat remedy, of widening fields to facilitate across-the-slope 
irregular; the percentage of the total land in actual agri- cultivation, is generally beyond the powers of individual 
cultural use is 58 per cent in Prince Edward Island, 19 landowners, and could only be effected through some 
per cent in Nova Scotia and only 9 per cent in Kew programme of farm reorganization, possibly \Vith State 
Brunswick. In the two latter provinces there are exten- assistance. Across the boundary, in :Viaine, under similar 
sive areas unsuitable for agriculture. physiographic conditions, extensive conservation measures 

Cropping systems in the Maritime Provinces are largely are being effectively followed, rendered feasible by the fact 
associated v;i.th two main types of farm enterprises; grass that farms were originally laid out in square blocks, 
farming for livestock production and potato production. rather than in narrow strips. 
This situation arises largely from a combination of climatic, High incidence of such diseases as late blight, mosaic 
soil, and economic conditions. The climate definitely and leaf roll is another adverse concomitant of intensive 
favours the growth of grasses; the acid podsol soils also potato culture. In some Maritime districts, indeed, tempo
favour grass production in preference to legumes and in rary abandonment of potato growing has been necessary 
some areas are suitable for potato production; while due to this cause. Currently, the Experimental Farms and 
distance from large markets restricts cash crop production Science Services of the Dominion Department of Agri
to potatoes and, in certain areas, fruit. Of the 3. 7 million culture are conducting a programme of breeding disease
acres which, in 1941, were in field crops and pasture in the resistant varieties, utilizing stocks brought in from other 
.:Vfaritimes, 82 per cent was in hay or pasture, 14 per cent countries. An improved cropping system, with an in-
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( reased percentage of the land in potato-growing districts 
devoted to cereals, grasses and clovers, would also prove 
beneficial in disease control, as well as serving for the 
conservation of soil. 

Limitations of space prevent more than passing refer
mces to some other agricultural enterprises in the Mari
times. The apple industry of the Annapolis Valley in 
J\ ova Scotia, where certain cropping practices are neces
sary, for the maintenance of a proper balance of plant 
cutrients and of organic matter in soils, may be mentioned 
i~1 passing. In some districts where land of little value in 
c rdinary crop production is being utilized in the pro
duction of cranberries or blueberries, improvements in 
cropping practices are being effected. The most fertile 
land in the Maritimes, the tidal fiats of the Bay of Fundy, 
present engineering problems of dyking and drainage, 
rather than of cropping practices. 

CROPPING SYSTEMS IN THE CENTRAL PROVINCES OF CANADA 

Agriculture in the central Provinces of Quebec and 
Ontario is limited mainly to the St. Lawrence and tribu
tary valleys, and south-western Ontario. North of these 
regions, on the rocky terrain of the Laurentian shield, 
agriculture is possible only in a few localities such as the 
Lake St. John area of Quebec and the Clay Belt of 
northern Ontario. In the southern region, soils vary from 
podsols in the east to grey brown podsolics in south
western Ontario. The climate, characterized by warm 
summers, cold winters and precipitation in the order of 
from 30 in. to 40 in. annually, is appreciably milder in 
south-western Ontario than farther north or east. 

The major farm enterprise throughout the Central 
Provinces is livestock production and dairying, with oats 
and hay as the main crops. Of the 27 million acres in field 
crops and pasture over 70 per cent is under hay or grass 
and about 24 per cent in grain crops. 

On land utilized for livestock production or dairying 
throughout the region, no difficulty need be experienced 
in maintaining fertility. With most of the land protected 
during the open season by hay, grass and grain crops, 
erosion is not a serious problem except on sandy or hilly 
areas or on the relatively small acreages per farm devoted 
to intertilled forage crops. In Quebec, and to a lesser 
extent in Ontario, the main requirement for sustained 
livestock and dairy production, in addition to good 
husbandry, is the correction of soil acidity by liming. 
Where erosion is likely to be prevalent in this region, 
mainly on hilly land, contour cropping would provide a 
means of control under mixed farming conditions. 

The principal cropping problems encountered in central 
Canada are associated with the production of cash crops, 
mostly in south-western Ontario. In this district are 
grown considerable acreages of husking-com, field beans 
and soybeans, sugar-beets, and tobacco; all intertilled 
cash crops which are intensively cultivated. Tobacco is 
produced mainly on sandy soils of little value for other 
crops, and presents peculiar cropping problems as regards 
maintenance of fertility and erosion control. 

Husking-com, beans, soybeans and sugar-beets are 
produced in south-western Ontario on better class soils, 
where erosion is not a problem. By reason of favourable 
price levels in comparison with other crops, however, these 
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crops are grown intensively, appearing in the farm rota
tion at frequent intervals. The constant drain which this 
cropping system makes on soil fertility can be compen
sated by the application of chemical fertilizers, but the 
effect of intertillage, and the small amount of organic 
matter incorporated in the soil has a detrimental effect on 
physical conditions. A large acreage of formerly fertile 
clayey soil has undergone, under this cropping system, a 
breakdown of structure, with a tendency to puddle and 
bake, which interferes with aeration and drainage and 
renders tillage increasingly difficult. Decline in crop yields 
and crop quality is a natural result. 

The simplest remedy for the foregoing type of soil 
deterioration is the reversion to the farm rotation of grass 
and clover crops. In severe cases, difficulty would be 
encountered in establishing such deep rooted legume crops 
as alfalfa and sweet clover, due to obstructed aeration and 
drainage, but such a course would be highly desirable. 
Unfortunately, however, the prospect of lower immediate 
returns from grasses and legume hay crops, as compared 
with high-priced cash crops, is likely to promote intensive 
cash cropping until soil deterioration is far advanced. 
Some amelioration, it is true, might be effected by growing 
cover crops with intertilled cash crops, and where possible 
of importing manure. On the \vhole, however, there would 
seem to be no permanent alternative to a better cropping 
system. 

CROPPING SYSTEMS IN THE PRAIRIE PROVINCES 

The Prairie Provinces contain about three-quarters of 
the total acreage in agricultural use in Canada. Of the 
107 million acres under field crops, fallow and pasture in 
these provinces, approximately 56 per cent is devoted to 
grain production and 41 per cent is in natural pasture 
which is used largely for ranching. The principal field 
crops are wheat, oats, and barley, occupying in 1941 a 
combined acreage of 33 million acres. To this figure 
should be added the 23 million acres under summer fallow, 
making a total of approximately 56 million acres in the 
Prairie Provinces devoted to the production of these three 
crops. 

Dominance of cereal production in prairie agriculture 
arises from climatic and soil conditions. With hot sum
mers, cold winters, and a light precipitation (12 in. to 20 
in. annually) received mostly in the summer, the prairie 
climate is more favourable to the growth of grasses and 
cereals, than of many crops which are produced in Eastern 
Canada. On the average, yields of cereals and grasses are 
lighter on the prairies than in Eastern Canada, but the 
low per-acre cost at which large scale cultural operations 
can be conducted on the open plains enables economic 
production at lower yield levels than would be possible in 
the East. Prairie land sub-marginal for grain production 
provides extensive grazing areas for cattle and sheep 
ranching. 

A marked feature of prairie soils is the occurrence of 
quite distinct zones, corresponding to varying conditions 
of soil moisture and natural vegetation. In the south
central part of the prairie region are found the treeless 
brown soils, developed under light rainfall and "short 
grass" vegetation. The brown soils grade into a concentric 
belt of "dark-brown" soils, with stronger grass growth, 
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and these in turn into the "tall grass" black soil zone in 
which tree growth appears to give a "parkland" land
scape. North and east of the black zone the natural 
vegetation is forest, producing podsolized "grey-wooded" 
soils which constitute the outer zone of potential crop
land in the Prairie Provinces. 

Western Canada. It is interesting to note that in Canada 
the severest soil drifting occurred on light sandy soil at 
one end of the textural scale and on heavy clays at the 
other, soils of loamy texture being less susceptible. 

The conditions which promote wind erosion on the 
prairies are also conducive to water erosion. Occasionally 

Cropping systems in the Prairie Provinces vary some- heavy rainstorms, resulting in temporarily excessive run
what with zonal soil conditions, but for the most part in- off, may cause severe sheet and gullying erosion on land 
volve cereal crop production exclusively and include al- inadequately protected by vegetation. The existence of 
most invariably the practice of summer fallowing for "badlands" in some districts of the open plains, and the 
moisture conservation and weed control. Indeed, rotation heavy silt load of some prairie rivers, are indicative of this 
of crops of different growth characteristics, such as is tendency. 
followed in more humid temperate regions, is not practised As might be expected, the danger of wind erosion will 
to a great extent on the prairies. It is rather a matter of generally vary directly with the proportion of crop land in 
continuous growing of cereal crops, periodically interrupt- summer fallow. On occasion, however, it may occur where 
ed by summer fallow. This feature of continuous cropping land is summer fallowed at relatively infrequent intervals, 
is particularly in evidence on the short grass prairie zone and is a definite hazard on all cleared land, even in the 
where average rainfall is adequate only for one crop in two wooded zone. 
years. Here the common sequence is alternately wheat 
and fallow, and crop failures, due to drought, are periodic- On the Canadian prairies, therefore, a major agricultur-

al problem is to maintain, in the face of severe hazards, a ally experienced. In the moister long grass prairie zone 
the summer fallow year appears less frequently, every relatively inflexible cropping system for which neither 
third or fourth year, and such coarse grain crops as oats natural nor economic conditions afford a satisfactory 
and barley replace some of the wheat. Coarse grains and alternative. It is encouraging to report that very consider
other crops appear still more frequently in rotation in the able progress has been made in solving this problem. 
park belt and wooded zones, with summer fallowing more During the past fifteen years a number of cultural prae
tor weed control than for moisture conservation. Such tices have been developed and widely applied which have 

provided effective control of wind erosion. The more are the main features of prairie crop production in Western 
Canada. There are of course variations, dairying and important of these practices are briefly outlined below: 
other forms of mixed farming occur to a limited extent, Strip farming. This practice consists of growing crops 
and livestock production on natural pasture is in some in narrow strips as nearly as possible at right angles to the 
districts either complementary or supplementary to grain prevailing strong winds, in order to avoid the cumulative 
farming. Special reference will be made later to cropping effect of soil drifting which occurs on wide summer fallow 
practices on tbe important acreage of irrigated prairie fields. 
land. Trash cover. The maintenance of stubble and dead 

Problems affecting prairie cropping systems include the weeds as a "trash cover" to hold soil against wind erosion, 
serious danger of wind and water erosion associated with effected by various tillage methods other than mould
the extensive acreage of summer fallow land; the relatively board ploughing, has proved very effective, especially 
high degree of weed infestation and high incidence of plant when used in conjunction with strip farming. 
disease, and insect attack associated with almost exclusve Rough tillage. One difficulty encountered in wind 
growing of cereal crops; and the severe weather hazards of erosion control is the property of many Canadian prairie 
summer frosts, droughts, heavy rainstorms, hailstorms, soils of breaking do>vn on the surface when dry into a 
and strong winds which are typical of the prairie climate. powdery condition, highly susceptible to drifting. This 
0\\-ing to the natural richness of prairie soils, maintenance condition can be remedied by deep tillage to bring lumps 
of soil fertility is not as yet a serious problem, except in the from the subsurface or by ploughing or listing to ridge the 
northern grey-wooded soils. surface. Such rough or cloddy tillage will temporarily 

Wind erosion of soil, or soil drifting, is a constant threat resist wind erosion, and is effective as an emergency 
in the alternate wheat and summer fallow cropping of the measure, especially on land devoid of trash cover. 
short-grass prairie. In order that the summer fallow The foregoing measures have been widely adopted; 
should properly perform its function of storing moisture other measures such as the use of fall-seeded cover crops 
in the soil in one year to supplement supplies for the have only a limited application. One practice which is 
following year, cultivation is necessary to destroy mois- currently receiving some attention and investigation 
ture-consuming weeds. The result is that one-half of the consists of sowing crops only when soil moisture deter
crop land is exposed without vegetative protection from the ruinations at seeding time give promise of strong initial 
erosive action of strong winds. During drought years the crop growth. This practice has application mainly to the 
area of crop land so exposed is increased by the acreage on drier short-grass plains. 
which crops fail to become established. Under the severe The foregoing brief and incomplete outline of grain
drought conditions which obtained in the early thirties growing cropping practices on the Canadian prairies was 
large tracts of short-grass crop land became entirely devoid intended to illustrate how crop production may be main
of vegetative cover, resulting in soil drifting and heavy tained in the face of natural hazards. Actually, it is ex
dust storms. The well-known "dust bowl" of that period tremely doubtful if cereal monoculture can be ·carried on 
in the United States had its counterpart in some parts of indefinitely, despite the apparent degree of success so far 
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attained. Prairie soils are markedly fertile, and limitations 
of moisture have prevented a full draft on that fertility by 
grown crops. Prairie farm settlement has only become 
general within the past sixty years. Eventually, in terms 
of centuries, fertility must decline. Already there is 
evidence that grain growing may have to be replaced by a 
grain-grass and legume sequence, with grass left down 
periodically for several years at a time in order to replace 
lost organic matter. In prairie farming, as in other forms 
of agriculture, the illusion of inexhaustible soil fertility 
must be removed. 

LIVESTOCK RANCHI).;G Df WESTER)[ CANADA 

Whether the use of natural pasture for livestock pro
duction can be properly considered a cropping system 
may be open to question, but Canadian experience has 
shown that the range grass crop is capable of definite im
provement. With over 40 million acres of natural pasture 
in the Prairie Provinces, the major proportion of which is 
not suited for cropping or forestry, any appreciable in
crease in rangeland productivity is bound to reflect favour
ably on regional prosperity. Increased productivity is 
being effected in a number of ways: overgrazed ranges are 
being restored by regrassing, temporary withdrawal from 
grazing, and by rotated seasonal grazing; grass cover is 
being restored on abandoned crop land which has proved 
unsuited for cultivation; stockwatering facilities are being 
provided on a scale which promotes uniform grazing; and 
fluctuations from year to year in rangeland carrying 
capacity are being compensated for by increased produc
tion of reserve fodder supplies, mainly on irrigation pro
jects constructed at strategic points in the ranching 
districts. In some cases the carrying capacity of rangeland 
has been doubled, from some 50 acres to about 25 acres 
per animal unit, by the above measures. Here again, no 
doubt, parallel experiences can be cited from other parts 
of the world. 

IRRIGATIO)[ IN WESTERN CANADA 

Approximately 500,000 acres of land in the Prairie 
Provinces are irrigated annually, and works presently 
under construction or projected will more than double this 
acreage. For the most part, this irrigation development 
has occurred in the drier south-western sections of the 
prairies, generally on land too dry for ordinary crop pro
duction. Individual irrigation projects vary in magnitude 
from large incorporated districts with many thousands of 
acres actually irrigated to small projects on individual 
farms or ranches. 

Irrigation of land in semi-arid regions naturally leads to 
a different type of crop production than on surrounding 
non-irrigated land. Some of the major projects in southern 
Alberta are devoted largely to the production of beet 
sugar. Here a fairly definite cropping system, based large
ly on a short rotation including grain, sweet clover or 
alfalfa, and beets has been developed. A definite objec
tive of this system is the maintenance of fertility by the 
incorporation of organic matter in the soil, as well as by 
the use of chemical fertilizers. The high return per acre 
from irrigated sugar beet land in the vicinity of established 
refineries, as well as the high initial cost of development, 
is conducive to such good cropping practices. Unfortunate
ly, the area which can be economically supplied with sugar 

229 

ARCHIBALD 

from southern Alberta sources is limited, and much of the 
irrigated land on the prairies must be utilized for growing 
other crops. On a small additional acreage a fruit and 
vegetable canning industry is currently being developed. 

The major use for much of the irrigated acreage on the 
prairies is the production of supplementary feed and 
forage for the ranching industry. Here the cropping ob
jective is usually to produce such forage crops as alfalfa, 
which can be used to supplement natural grazing and to 
provide reserves against seasonal fluctuations in grass 
growth. Past experiences of heavy losses of livestock in 
drought years is a powerful incentive to this type of 
irrigated cropping. 

One of the major problems of soil management in irri
gated cropping on the prairies is salinization, or the con
centration of toxic salts in the surface soil. On the Cana
dian prairies this is not confined to land actually irrigated, 
but occurs near irrigation canals due to seepage. In other 
cases, salinization may result from inadequate drainage or 
the application of water in amounts too small or too heavy. 
The management of "grease-wood land", which is natural
ly saline, presents particular problems in this respect. 
Canadian experiences in this respect are paralleled in 
other irrigation regions throughout the world, and ex
panded research on the solution of these problems would 
definitely contribute to better land use and soil con
servation. 

CROPPING PRACTICES IN BRITISH COLU1IBIA 

The main types of agriculture in British Columbia are: 
mixed farming and fruit production, mostly· on small 
acreages in coastal areas; fruit growing in irrigated or
chards in semi-arid interior mountain valleys, and a fairly 
extensive ranching industry on the dry interior plateau 
west of the Rocky Mountains. The prairie type of farming 
of the Peace River country in the north-eastern part of 
the Province, east of the mountains, more properly belongs 
to the prairie economy. The total 1941 acreage in field 
crops was 537,000 acres of which nearly one-half is under 
hay, while pasture and rangeland amounted to 2 million 
acres. An indeterminate acreage of high plateau land, 
partly forested, is capable of providing summer pasture. 

With approximately 87 per cent of all land in British 
Columbia used for agriculture, excluding horticulture, 
under grass or hay, problems of erosion are largely con
fined to the small acreage under intensive cultivation. 
Intensive culture is mostly carried on in the heavy rainfall 
coastal areas, where maintenance of fertility may present 
some problems. On the intensively cultivated Fraser 
Valley lands near Vancouver, serious floods occurred in 
1948. 

As a whole, due to wide diversity of soil, topographic 
and climatic conditions, cropping problems characteristic 
of many different regions in Canada are encountered in 
British Columbia. 

SU:\L\IARY 

The foregoing brief survey of cropping systems in Cana
da may draw attention to some generalizations of broad 
application. 

1. The mixed farming cropping system for livestock 
production in the more humid regions of Canada, and in 
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similar regions elsewhere, combines several features con
ducive to sustained production and soil conservation. The 
sequences of crops with differing growth characteristics 
tend to maintain the soil in good physical condition, hin
der the dominance of certain types of weeds, and utilize to 
advantage the plant nutrients in the soil solution. The 
return to the soil of plant residues and manure helps to 
maintain fertility and organic matter content, while legu
minous crops make their own special contribution of or
ganic nitrogen. Dominance of hay and grain crops pro
vides the best possible basis of erosion control, while the 
relatively small acreage of intertilled crops, mostly for 
fodder, afford opportunities for controlling perennial 
weeds. If given good husbandry, and attention to 
liming where required, mixed farming would seem to be 
ideally suited to moderately humid, temperate regions. 

2. Intensive culture of cash crops in humid regions, 
with the major part of the production being removed 
entirely from the land, can be maintained on a permanent 
basis only under exceptionally favourable conditions. The 
disadvantages of this cropping system, sometimes amount
ing almost to continuous cropping, include cumulative in
festations of plant diseases and insect pests, deterioration 
of the soil structure, erosion, and depletion of plant nutri
ents. Usually intensive culture requires application 
of chemical fertilizers, the importation where possible of 
manure, and the use of cover crops or green manure. Over 

long periods of continuous intensive culture, the above
mentioned measures can have little more than a palliative 
effect, as compared with the mixed farming type of 
cropping. 

3. On the Canadian prairies, grain farming, amounting 
practically to cereal monoculture, has been maintained 
fairly satisfactorily by technical advances mainly as 
affecting the control of wind erosion, plant diseases, insect 
pests, and the creation of increasingly productive crop 
varieties. The grain industry in Western Canada, how
ever, is relatively young, and there are indications that the 
prevailing cropping system may eventually have to be 
modified to include grass and legume cultivation. 

4. Good cropping systems are essential to permanent 
food production, and it would seem that these can be 
adapted to widely varying agricultural regions. Certain 
considerations extraneous to physical science, however, 
enter into the problem. The marketing and financial 
machinery which >vill stimulate the optimum use of land 
under varying natural conditions must be provided; land 
tenure and subdivision should not be an obstacle to good 
land management; and the inability of the farm operator 
to assume at a loss the full responsibility for the conser
vation of land for posterity should be recognized. These 
are considerations lying above the technical level, but 
should be kept in mind by technical advisors in agri
culture. 

The Influence of Cropping Systems on Sustained Production, 

Soil Management and Conservation 
R. D. LEWIS 

ABSTRACT 

An important factor in determining the trend in productivity of a soil area is the cropping system. Under one crop
ping system a soil may decline rapidly in productivity; under another system its productivity may be raised and then 
sustained in higher levels. 

Recognition of the various processes by which soils are lowered in productivity leads to an understanding of the 
positive procedures required for rebuilding, improving and maintaining the soil resource. No one harvested crop is 
entirely "soil-building" or "soil-conserving". 

A method of analysis of cropping systems by use of annual crop productivity indexes and a soil productivity balance 
is reviewed. Acre yields and income levels were found to parallel the calculated soil productivity balances on four 
groups of farms. 

Legumes and grasses are the key crops in constructive cropping systems. 
Several illustrations of the effects of cropping systems on productivity are cited; among them, a heaVY clay soil 

whose productivity as measured by corn was lowered from 50 bushels to 18.1 bushels or raised to 68.3 bushels after six 
to eight years under different cropping systems. 

Coupled with scientific soil and crop management practices, the cropping system will determine the degree of im
provement of the soil resource. 

Light, air, water and soil, together with the plants and 
animals that grow in them, are the great physical resources 
of the earth. Through soil, in combination with light, air 
and water, the lifeless mineral body of the earth is joined 
with the biological kingdom. Soil is much more than 
pulverized rocks mixed with decayed organic matter. It is 
a live, dynamic, changing, physical, chemical and biolo
gical complex. Without life there is no true soil. 

Just as in human society, each activity or process in the 
soil may affect other activities and the consequent end 
product of soils, which for man is primarily the production 
of crops. Soils have been developed by the interaction of 
natural factors. \Vhen man alters any natural factor in 
the performance of agriculture, he also the bal
ance of the physical, chemical and biological factors in that 
soil. Thus, a cultivated soil may become quite different 
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from its virgin state. These changes may be good or bad 
from the standpoint of productive capacity. Fortunately, 
some farming operations actually improve the soil re-
s:mrce. 

To quote Chules E. Kellogg: "Every natural soil has 
certain limits to its potentialities, and through modern 
science these limits may be expanded in terms of kinds of 
crops and yields. No very close relationship exists be
tween the natural fertility of soils and their actual pro
cuctivity in society. The important factor is their re
sponse to management." (4) 1 

A most important factor in determining the trend of 
productivity of most soils is the cropping system. A given 
sclil under one cropping system may decline rapidly in 
productivity; under another system its ability to produce 
crops may be raised to and sustained at higher levels. 

Two adjectives and their counterparts are often used in 
describing the potentialities of soils in relation to crops, 
"fertile" and "productive". Strictly, a "fertile" soil may 
not be a "productive" soil. The "fertility" of a soil relates 
primarily to the chemical or plant nutrient levels in a soil. 
"Productivity" relates to the balance of those physical, 
chemical and biologic factors within the soil which deter
mine crop response. To be highly productive, a soil must 
be a source of adequate air and water as well as of nutri
ents, and it must teem with beneficial organisms. 

To understand how cropping systems may be used to 
improve and sustain the productive capacity of soils, we 
may first examine those processes which singly or in 
various combinations tend to lower productivity. By 
recognition of these negative factors, man may usually set 
up soil and crop management systems to minimize or 
counterbalance them. 

Soils deteriorate in productivity because: 

1. Nutrients are removed in harvested crops; 
2. Nutrients are lost in the drainage waters and by 

leaching; 
3. Acidity of soils in humid areas tends to increase 

leaching and removal of calcium in crops; 
4. Soluble salts may accumulate in irrigated and semi

arid soils; 
5. Organic matter is destroyed in tillage operations; 
6. Soil-air-water ratios are adversely altered by tillage, 

resulting in less favourable soil structure or tilth; 
7. Lower types of life and life-processes occur; 

LEWIS 

serving". Next, it would appear that certain crops, 
especially the deep-rooted legumes or combinations of 
legumes and grasses effectively counteract several of the 
deteriorating processes; and, if properly managed, be
come actually "soil-building". Other crops counteract 
none of the negative processes and are therefore highly 
destructive of soil productivity. 

The soil-deteriorating processes are not then contained 
within the soil itself; in fact, they come primarily from 
soil-crop interrelations. The kind of crop, its frequency, 
the accompanying cultural practices and soil treatments, 
together with special controls against losses of water and 
soil, determine whether or not the growing of that crop 
has a net positive effect on the productive ability of the 
soil. Furthermore, on cultivated land, the actual pattern 
of the cropping system determines whether such land is 
being further exploited or is being rebuilt for sustained 
production. 

As an aid to the analysis of the effects of existing or 
contemplated cropping systems on the productivity of the 
soil, research and extension workers in Ohio during 
the period 1932-1936 developed the "soil productivity 
index" and "the soil productivity balance" (7). 

The soil productivity index is the percentage change 
assumed to take place in the productive capacity of a soil 
caused by growing a specific crop for a single year. It is 
the approximate measure of the balance between the 
favourable and unfavourable effects of that crop on soil 
nutrients, soil structure, organic matter and biologic ac
tivity. 

The soil productivity balance expresses the percentage 
change in the productive capacity of the soil that may be 
expected to occur annually under a given cropping system, 
with proper credits for applications of manure and ferti
lizers and adjustments for degree of liability to erosion. 

Under this method of analysis, corn is given a soil pro
ductivity index of - 2.0 per cent on non-erodible soil, 
wheat - 1.0 per cent, soy beans - .5 per cent, timothy 
+ .25 per cent, clover-timothy mixed + 1.25 per cent and 
alfalfa at the end of the first hay year + 2.5 per cent 
(complete details are given in references 7 in English and 
8 in Spanish). 

8. Soil is removed physically by water or wind; 
erosion takes place. 

By using this method of analysis, the approximate 
productivity trend of a cropping system, with the ac
companying soil treatments and erosion control practices, 
can be determined; and will uncover the weak points in 
existing systems of cropping and soil management. It 

i.e., provides an evaluation of the probable gain or loss in soil 
productivity. 

The above order of listing these negative processes has To determine if there was any relation between the 
no meaning for a particular soil or field, for their relative annual soil productivity balance, crop yields and income, 
significance varies with soil types, classes and manage- farms in four areas of Ohio were studied by economists in 
ment systems. Let us not forget, however, that what we 1935. Those farms with a positive (soil-building) balance 
popularly call "erosion" is often the end result of in- were found to have strikingly higher yields and two to 
attention to correction of several deteriorating processes. three times the income per rotated acre in crops as com-

When one places any crop, and the cultural operations pared with those farms having a highly negative pro
involved in growing it, next to this list of soil-deteriorating ductivity balance (2). 
processes, it becomes evident that no harvested crop is Also, in recognition of the function of cropping systems 
entirely "soil-building", "soil-improving" or "soil-con- in checking erosion and in rebuilding soils, the Soil Con
-·--- servation Service sets up "land capability classes" which 

1 Numbers within parentheses refer to items in the bibliography. indicate the general pattern of the cropping systems that 
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should be followed on land of different degrees of suscepti
bility to erosion and other deteriorating factors (3). 

In organizing cropping systems for improved and 
sustained production, the evidence the world over is that 
legumes and grasses are the key crops. In his fine book 
"The Land, Now and Tomorrow", R. G. Stapledon (9) 
gives his point of view on the technique of more effective 
use of the land resource. Quoting him on legumes and 
grasses, "The shift in point of view has not only been in 
placing grass before arable in the process of land recla
mation, but also in the direction of placing clover before 
grass ... the clover root that in truth deserves most of 
the credit". "The corner-stone in land improvement in 
all parts of the world is the leguminous plant." "A good 
sward is generally convertible into reasonably good 
arable." (Would that adapted leguminous plants were 
available for all parts of our own agriculture, especially 
for the semi-arid range lands.) 

·~----··---------·-------

use of terraces and modified cropping systems, the run
ning, rushing, soil-destroying waters have become "walk
ing water", largely retained for crop production. Soil 
losses have also been practically eliminated. At the same 
time the improved system has resulted in yield increases 
of 46 per cent, and a cash return of $9.57 more per acre. 
That increased return would have repaid the original cost 
of the land four or five times in the twenty years of the 
experiment (J). 

If the physical characteristics of a soil or its subsoil are 
favourable, the productivity of a soil may often be raised 
at an amazingly rapid rate. As an illustration, the surface 
soil was entirely removed in 1936 from a previously un
cropped area at Wooster, Ohio (10). Only the fairly well 
drained silty subsoil remained to compare with the un
disturbed soil. On this artificiallv "eroded" soil the corn 
yields in 1937 were 15 bushels a; acre, while on the un
disturbed virgin soil they were 73 bushels. Eleven systems 
of soil and crop management were initiated in 1937 on the 
raw subsoil and the virgin soil. A summary of the changes 
from three of the systems follows: 

Cropping and soil system 
( 4-)'ear rotations) 

(a) Com-oats-wheat-hay 
No soil treatment 

Corn Yields 
in 1941 

Bushels an acn 

Total Digestible 
Nutrients per acre 
Produced during 

Subsoil 

32 

4 yrs. (1938-41) 
Virgin soit Subsoil Virgin soil 

67 3,255 8,410 

44 83 9,950 

Now, to a few illustrations of the effects of cropping 
systems on productive capacity of soils. The first is a case 
where physical conditions (structure) of the soil is a 
limiting factor. On Paulding Clay soil in Ohio fourteen 
different cropping systems were set up in comparable 
replicated plots in 19.36 (6). The corn yielding ability of 
the land was then about 50 bushels an acre. Simply as a 
result of different cropping systems the average annual 
corn yields for the four years, 19,12-1945, varied from 18.1 
bushels to 68.3 bushels. Compared with the yields at the 
start in 1936 these represented a decrease of 63 per cent 

(b) Corn-oats-wheat-hay 
Lime + fertilizer 
Corn-wheat-alfalfa
alfalfa 
Lime + fertilizer 

76 121 

4,760 

8,960 12,830 and an increase of 39 per cent. A cropping system com- (c) 

posed of corn-oats (with sweet clover sovvn in the oats and 
ploughed down for corn) just maintained the productivity 
level, continuous corn lowered it by the 63 per cent, and a 
system of corn-oats-two years of an alfalfa-grass meadow 
resulted in the 39 per cent increase in productivity. 
Remember the only variable was the cropping system. 
Furthermore, the soil-building system resulted in the soil 
having twice the aggregation of the low-yielding system, 
excess water went into the tile drains far more promptly, 

Within five years after the surface soil was completely 
removed, all at one time, the soil-building cropping system 
containing alfalfa had raised the productivity of the sub
soil from 15 to 76 bushels of corn. But note that the pro
ductivity of the virgin soil was also raised to new levels. 
Apparently, some eroded soils need not be regarded as 
gone forever! 

and the soil was tilled far more easily. 
On the unusually highly colloidal Houston clay soils of 

the Texas Blacklands, the prevalence of cotton-root rot 
(Phymatotrichum omnivorum) and the apparent lack of 
response to fertilizers baffled farmers and researchers alike. 
In recent years, the introduction of sweet clovers into the 
experimental and farm systems has led to a significant 
reduction in damage from cotton-root rot (5), to increased 
yields of cotton, and now to significant returns from 
fertilizers. 

At the Blackland Watershed Project at Riesel, :YicLen
nan County, Texas, the Research Division of the Soil 
Conservation Service is showing on a controlled farm
scale basis that soil-building legume and grass crops may 
be increased in the farming system, cotton reduced by 
20 to 30 per cent, and cotton yields per acre increased 
enough to offset the acreage reduction. More water is 
being retained for use by the crops in the soil-building 
system. 

Cropping and soil-management systems for the sub
humid areas will, of course, need to place emphasis on the 
retention of water. Twenty years of experimental results 
at Spur in Dickens County, Texas, have shown how by 

Improvement of soil resources has two aspects: in the 
first, we seek to maintain and raise the productive capa
cities of the better soils; in the other, we seek to rebuild 
depleted or exploited soils. The procedures to apply in 
either case are the same in principle, but may vary in 
degree. In either case, a most important factor is the 
cropping system. Coupled with scientific soil and crop 
management practices, the cropping system determines 
the degree of improvement of the soil resource. Within 
cropping systems, the legume and grass crops become the 
soil builders. However, by itself no cropping system can 
long sustain production. 
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Improving Soil Productivity: Tropical Climates 

J. N. MUKHERJEE, C.B.E. 

ABSTRACT 

The productivity of the soil depends on a number of complex factors. The yield of a crop per unit area of land is 
influenced by the climate, the soil, the crop system and the variety of the crop used. The over-all yield of the crop 
system, as also the durations of the crops, should be taken into consideration in assessing the productivity of the soil. 
Irrigation, drainage, manurial, cultural and other treatments improve soil productivity according to the prevailing con
ditions. 

The features of tropical climates of importance to crop growth and productivity of the soil have been briefly dis
cussed. Data have been cited to illustrate the improvement of soil productivity by the choice of a suitable crop rotation 
and inclusion of grasses, legumes and fallow in it. 

The proposition that addition of organic matter to soils under tropical conditions is not of as great importance as 
in the temperate climates and that its value depends chiefly on its contents of mineral nutrients has been discussed. 
Reference has been made to the increase of carbon and nitrogen contents of tropical soils observed in some experi
ments. Long-term experiments showing the value of inorganic and organic fertilizers, the results of liming, the im
portance of complete fertilizers as also of green manures have been discussed. 

Observations on the improvement of soil structure have been mentioned. Inorganic and organic sources of plant 
nutrients, such as crop residues, compost, farmyard manure, green manures and artificial fertilizers have been discussed 
as regards their availability. The importance of an adequate supply of inorganic fertilizers for intensive crop pro
duction has been emphasized. Organic sources, especially green manure, assume greater importance for improving 
soil productivity in the absence of adequate supplies of inorganic fertilizers. An estimate of possible increase in crop 
yield by irrigation, improved varieties, manures and fertilizers has been cited. 

The conservation and utilization of resources occupy a 
very high place in the promotion of human welfare. The 
density of the rural population is very high in several 
regions of the tropics and subtropics. Agriculture is the 
basic industry. The standard of living is very low and the 
question of soil productivity is of vital importance. 

FACTORS INFLUENCING SOIL PRODUCTIVITY 

The productivity of the soil depends on a number of 
complex factors. The innate characteristics of the soil are 
not in themselves sufficient to define its productivity. 
Irrigation, drainage, manurial, cultural and other treat
ments improve it according to the prevailing conditions. 
The climate, the soil, the crop system and the variety of 
the crop influence the yield per unit area of land. The 
actual yield is also influenced by the damage caused by 
pests and diseases. The suitability of a crop in a given 
region is indicated by high but less variable yields (26) 1 . 

The yield of any selected crop does not constitute an 
unequivocal index of the productive capacity of the soil as 
the productivity ratings of soils vary with the crop. 
Moreover, the duration of the crop from sowing to maturi
ty should be taken into consideration in assessing the total 
product from a unit area of land in a definite period of 
time. The intensity of cropping depends to a large extent 

1 Numbers within parentheses refer to items in the bibliography. 

upon this time factor. In the permanent manurial plots 
of Trinidad (67) an average of about three crops were ob
tained per year. In many parts of India (41) it is usual 
to get two and in some lands three crops in one year. 

Permanent agriculture is based on the maintenance of 
soil productivity at an optimum level. The latter depends 
to a great extent on the choice of a suitable crop system 
and cannot be assessed properly without reference to the 
latter. 

TROPICAL CLIMATES AND PLANT GROWTH 

The climatic factors which are of major importance for 
the growth and the maturity of crops are temperature: 
rainfall and humidity; the day-length; the intensity, 
quantity and quality of insolation. The concept of the 
ecological optimum (25, 31) is useful in spite of its limita
tions in judging the suitability of a crop or a crop system 
for a region. The climatic factors interact inter se and with 
other factors of importance to plant growth. A "con
stellation" of environmental conditions (29) including the 
macro- and micro-climates is necessary for the natural 
development of a plant. 

The climate of the tropical and subtropical regions is 
characterized by higher temperatures. Temperature has a 
complex effect on plant growth; every stage of its develop
ment has its own optimum temperature (30). The ranges 
of variation of temperature and of the length of the day 

233 



UNSCCUR PROCEEDINGS: LAND RESOURCES 
-·---·· ~··--·~· ~--·~--------------

are smaller and the intensity of insolation greater than in 
other regions; frost-free seasons are the usual rule. Low 
temperatures are not, excepting regions of very high 
altitudes, a factor which limits plant growth in the tropics 
and subtropics. In some areas, however, the maximum 
temperature may become lethal for certain plants during 
a part of the year. 

It has been suggested that the greater amount of solar 
energy in summer associated with the longer days in the 
subtropics are responsible for the higher yields of rice in 
places having subtropical or mediterranean climates 
(3, 64). Rice is, however, grown more extensively in the 
tropics. Also, quite high yields are usual in Japan, which 
has a temperate climate, under conditions of heavy appli
cations of fertilizers. The limitations of the climate can 
also be overcome to a certain extent by introducing ceo
types or by breeding varieties suited to local climatic and 
other conditions. 

The climate in any region is, however, affected by the 
altitude; proximity to the sea, mountain barriers, wind 
currents such as monsoons, aspects, vegetation, and 
some other factors. Consequently, many climatic regions 
can be distinguished within the tropics. In some tracts 
rainfall is well distributed throughout the year; in others 
there are characteristic wet and dry seasons. The annual 
rainfall shows a wide range of variations, and the climate 
varies from arid and semi-arid to the humid and per
humid phases. The type of farming depends on the rain
fall and its distribution and on the availability of water for 
irrigation. Each type of farming has its characteristic 
problems for improving soil productivity. 

In regions of insufficient or irregular rainfall, irrigation 
obviously constitutes the best possible measure of im
proving crop production. In India, the increase in yield 
per acre from irrigation alone has been estimated to be 
50 per cent for paddy and 66 per cent for wheat (5). It 
makes possible diversified types of farming, a greater and 
better use of manures and a more uniform distribution of. 
labour and farm operations over the seasons. Large and 
small-scale irrigation projects will have to be undertaken, 
wherever possible, in the tropical regions for improving 
soil productivity. Pre-irrigation and post-irrigation soil 
surveys are essential if the extensive damages to the soil, 
which are known to have resulted in several instances 
{37, 59) by injudicious use of water, are to be avoided. 

Sugarcane affords an instance of the variations of the 
duration of a crop under different climatic conditions (35}. 
The kind of cane, however, also determines the time re
quired for maturity (9). The average tonnage of cane per 
acre in the thirties was 47.5 in Java and 58 in Hawaii 
(15). Taking the duration of the crop at the two places 
into consideration, the yield per acre in Java becomes 
definitely higher than in Hawaii. 

TROPICAL SOILS 

Amongst the tropical soils there are many which re
semble strongly some soils of the temperate regions. There 
are others, such as tropical red earths and lateritic and 
laterite soils, which occur extensively and almost ex
clusively in the tropics and subtropics. In the arid and 

precipitations of the humid and per-humid phases produce 
generally soils low in pH and in lime and other bases. 
Large areas are also covered by soils of which the parent 
materials are alluvial or volcanic deposits. These are 
generally richer in mineral plant nutrients unless the 
leaching has proceeded very far. 

Because of the high temperature, tropical soils are 
poorer in carbon and nitrogen as compared with soils in 
the temperate regions; except where the climate has been 
modified by the altitude or the rainfall is heavy. Com
pared to tropical black-soils, tropical red, brown and yel
low soils are still poorer in carbon and nitrogen as also in 
mineral plant nutrients. It has been postulated (19, 20) 
that the carbon and nitrogen contents of the soil increase 
with a fall in the annual temperature or with a rise of the 
rainfall or the altitude. 

It has been suggested that as additions of organic matter 
would not materially increase the carbon and nitrogen 
contents of soils under tropical conditions, it is not of as 
great an importance as in temperate climates and that the 
value of organic manures depends chiefly on their con
tents of mineral plant nutrients. Experiments in Trinidad 
(12), Pusa (16), Indore (m), Ceylon (21), and Cyprus (28) 
show some increases of the contents of carbon and nitro
gen on continued application of bulky organic manures 
including green manure. In Trinidad, Cyprus, and Pusa 
those treatments which increase the carbon and nitrogen 
contents also give higher crop yields. There however, 
not sufficient evidence to support or controvert a cate
gorical statement that the higher carbon and nitrogen 
contents are correlated with the yield per acre. The de
sirability of well-designed long-term experiments cannot 
be over-emphasized. 

\:Yind and water erosion are quite extensive in many 
parts of the tropics, and arable farming is not well suited 
to all types of land. It is thus necessary to classify lands 
by soil surveys to determine the best form of their use, 
if the soil and its fertility are to be conserved and fullest 
and lasting benefit derived from it. 

PERMANENT MANURIAL EXPERIMENTS 

The importance of irrigation, of measures for protecting 
the soil, and the value of organic manures, vegetable and 
animal wastes, nitre and wood ashes have been realized by 
the peasants in China, India, and Egypt since the dawn 
of human civilization. Even today the ancient agri
cultural practices prevail over the greater part of the 
tropics. The importance of leguminous crops and their 
use as green manure and of farm animals in improving soil 
productivity has been long known to the peasants of In
dia. Scientific investigations in the tropics on the im
provement of soil productivity are, however, of very re
cent origin. 

In judgmg the effect of manures and fertilizers on soil 
productivity it is most desirable to consider the results of 
experiments of long duration as they afford an idea of the 
trend of changes in soil fertility. It is not safe to general
ize from experiments covering a few years. 

CROP ROTATIONS AND SOIL FERTILITY 

semi-arid regions the soils usually have a high status of If the crop system is not suitable for the soil, great 
mineral plant nutrients. The leaching effect of the heavy deterioration in fertility may result (4). 
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A suitable crop rotation and the use of grasses, legumes, 
and fallow in it improve soil fertility. In the Cyprus ex
periments (28) in which wheat was grown every alternate 
year, the wheat-wheat rotation gave an average yield of 
173 lb. of wheat per acre; while wheat-bare fallow gave 
4:37 lb.; wheat-legumes, 324 lb. and wheat-green manure, 
659lb. These experiments illustrate that the overall yield 
may be increased several times through the use of green 
manure alone. In Adelaide (51) which has a Mediter
ranean type of climate, the average yield of wheat grown 
continuously for 17 seasons was 15.20 bushels; wheat-bare 
fallow gave 34.53; wheat-sudan grass, 33.72 in addition to 
25.15 cwt. of green grass; wheat-oats-fallow, 35.91 of 
wheat and 45.53 of oats. Wheat-oats-peas was still better 
and gave 31.44, 38.47 and 28.78 bushels respectively ofthe 
three crops. Wheat-oats-pasture-fallow gave the highest 
yield of 43.79 bushels of wheat in addition to 55.27 of 
oats, and 31.58 cwt. of air dry winter pasture. Those 
rotations which did not include a year of fallow became 
increasingly infested with weeds. Four-course rotations 
were found better than those of higher duration and in
vestigations were undertaken for studying alternative 
four-course rotations under varying fertilizer treatments. 
Need of similar extensive investigations for each major 
soil type in tropical and subtropical regions is obvious. 
The importance of the rotation is also borne out by 
experiments in Pusa (17) and Delhi as well as inN agpur(l). 

Experiments in Delhi (45) have also shown that Egyp
tian clover used as fodder builds up soil fertility. Super
phosphate applied to the legume for three consecutive 
years increased its yield by about 135 per cent from 
13,000 to 31,000 lb. green matter per acre and that of 
wheat which followed it by about 100 per cent from 1,200 
to 2,400 lb. per acre. The fertility thus built up persisted 
for three years without further application of any manures 
or fertilizers. Other legumes have not given similarly 
striking results. Such effects deserve thorough study. 

INCREASED YIELDS OBTAINED BY THE APPLICATION OF 

ORGANIC AND INORGANIC FERTILIZERS 

Artificial fertilizers have been compared with con
centrated and bulky organic manures in a number of long
term experiments and quite high and comparable yields 
have been obtained by the use of complete mixtures of in
organic fertilizers containing equal amounts of nitrogen, 
phosphorus, and potash (4, 23, 28, 50, 62). Residual 
effects of organic manures and their ability to prevent soil 
deterioration have been recorded in some instances but 
the inorganic fertilizers did not show these (4, 62). In a 
few other instances the latter have given better results 
than organic manures {23, 50). The value of green manure 
with or without phosphatic fertilizers is established (17). 

The response to any one plant nutrient depends not 
only on the form in which it is used, but also on its com
bination with other types of plant nutrients. Experiments 
with rice illustrate this. A combination of nitrogen and 
phosphorus has been found in many experiments {39, 40, 
56) to be definitely better than either nitrogen or phos
phorus. In an irrigated area in Mysore (40), 12lb. nitrogen 
(oil cakes) and 18 lb. P 20 5 (super) used with 1! tons of 
cattle manure per acre have steadily increased over 
twenty years the average yield from 1,500 lb. to 3,200 lb. 
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Ammonium sulphate has been reported to give the 
highest yields of rice and corn in the Philippines ( 4 7), the 
yield of the former being 4,500 lb. per acre. A comparison 
of relative responses to ammonium nitrate and ammonium 
sulphate was carried out at several centres in India (42). 
It seems that there is not much to choose between the two. 

Some experiments in Burma (53) are of particular in
terest. A continuous and marked decrease in the yield of 
rice resulted from the application of ammonium phosphate 
at 100 lb. nitrogen per acre. The soil was formed on recent 
alluvial deposit and had an acid reaction and was highly 
leached. It is necessary to take into account the reaction 
and the lime reserve of the soil when fertilizers producing 
an acid effect are used continuously or in heavy doses. In 
another experiment in Burma (54), use of ammonium 
sulphate at 30 lb. nitrogen per acre, produced in five years 
a rapid fall of the yield of rice. Nitrate of soda and calcium 
cyanamide, however, also decreased the yield. Thus the 
lime status of the soil is not always a factor responsible for 
the decrease observed with ammonium sulphate. In these 
experiments "complete" fertilizers consisting of am
monium sulphate, superphosphate, and sulphate of potash 
not only maintained the yield but tended to increase. 

In Africa in several instances phosphates applied singly 
have given greater yields than nitrogen alone. In Natal 
{66) and in Nigeria {8), the difference between the in
dividual effects of nitrogen and phosphorus on maize has 
been striking. The form in which a phosphatic fertilizer 
is used is of special importance. In acid soils, experiments 
in India have shown a definite response to bone-meal as 
also its residual effect (63). In neutral or alkaline soils 
superphosphate has done better; but bone-meal in con
junction with organic manures has been reported to be 
beneficial in some dry farming areas for several crops (2). 
Very few experiments have, however, been carried out in 
the tropics on the fixation of phosphates and on the place
ment of fertilizers. 

Records of response to potash are much fewer in number. 
In India use of potash is practically restricted to sugar
cane in the Deccan. 

The permanent manurial experiments referred to earlier 
have shown definitely the value of "complete" fertilizer; 
the use of the latter, however, is rare in the tropics. 

LIME 

Liming, apart from its capacity to correct soil acidity 
and its direct effect on plant nutrition, soil structure, and 
microbial activity, also renders available for plants phos
phates combined with iron and aluminium in acid soils. 
It is thus expected to be beneficial for the highly leached 
soils in the humid regions. On the other hand, its acceler
ating effect on oxidation of smaller amounts of organic 
matter present in tropical soils is worth consideration. 

It has been reported that lime is beneficial in acid soils 
even for cinchona and tea (38). Response of rice to liming 
has been recorded in some instances. With ammonium 
sulphate, potash and double super, carbonate of lime has 
given in West Java {3.9) the highest yield as compared 
to other treatments. Positive response has been observed 
in Mandalay of a soil having pH about 8 (62). In Trinidad 
(12, 67), however, both positive and negative responses 
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have been observed, the same crop often showing both 
effects. No significant effect of lime has been observed on 
most crops in South Africa (27) and in Adelaide (52). In 
India and in Assam (48), a positive response has been 
observed but not of the acid red soils of Madras (58). Ir
regular small increases in yield of rice and rapeseed have 
been reported from West China (55). Sugarcane in British 
Guiana has shown marked response to liming (44), an 
increase of 34 to 37 tons of cane per acre having been 
obtained, the higher figure being recorded for the manured 
plots. Response to liming has been definitely recorded for 
sugarcane and legumes. 

One reason for sufficient attention not being paid in 
many parts of the tropics to the use of lime perhaps lies 
in the fact that pastures and grasslands and animal 
husbandry do not play so important a role as in the 
temperate zone. Application of lime is expected to in
crease the lime and phosphate content of the fodder and 
pasture, especially in acid soils, and when applied in 
conjunction with fertilizers (65). 

SOIL STRUCTURE 

The structure of the soil, that is, the manner in which 
the ultimate particles are grouped and regrouped, is of 
importance for the growth and penetration of the roots 
and root hairs through which plants take nutrients be
cause of favourable air and moisture relationship. Good 
soil structure also favours the growth of beneficial aerobic 
soilmicro-organisms, such as azotobacter, which improve 
soil productivity. While lime, bulky organic manures, and 
dung are considered to improve soil structure, inorganic 
fertilizers and in particular sodium and potassium com
pounds are often stated to be detrimental to it. In alkaline 
soils lime, sulphur, and gypsum improve the soil structure. 

While doubts have been expressed whether lime alone 
improves the soil structure, dung and lime together have 
been reported to do so definitely (14, 49, 60). Owing to its 
higher content of readily decomposable organic matter, 
green manure seems to have a better effect than dung (10, 
11). The beneficial effect of a combination of lime and 
dung has been attributed to the acceleration of the de
composition of the latter by the former (24). From ex
periments in Uganda, the conclusion has been drawn that 
neither organic manuring nor liming improves soil struc
ture or crop yields; but lime in conjunction with a grass 
rotation, which improves the structure, produced ap
preciable increases in the yield on the application of quite 
small quantities of either organic or inorganic fertilizers. 
The effect seems to depend also on the nature of the grass 
(34). An increase in organic matter content and an im
provement of soil structure have been reported as a result 
of grass fallows (22). 

In recent years much attention has been paid to the part 
played by soil micro-organisms and to the nature of the 
substances produced by them, in improving soil structure. 
The type of the micro-organisms has a great effect (32, 33, 
36, 43, 46). Fungi and actinomycetes have been consider
ed to be more effective than bacteria in forming soil 
aggregates. It has also been suggested that only after 
microbes have formed aggregates could grass roots synthe
size larger structures by combining them together (13). 
The application of bulky organic matter and the inclusion 

of grasses and legumes in the rotation thus help the struc
ture of soils perhaps indirectly through microbial activity. 

CROP RESIDUES AND COMPOSTS 

In traditional agriculture before artificials or saltpetre 
were available, organic manures of animal origin, green 
manures, vegetable wastes and wood ashes constituted the 
only source of supply of plant nutrients to the soil. In 
Indian villages all forms of vegetable refuse, wood ashes 
and dung as also animal refuse are dumped into shallow 
pits to be later carted on to fields. 

Inorganic fertilizers have a number of special advantages 
as compared to farmyard manure, compost, green manure 
and other organic manures. They are much more stable 
and contain plant nutrients in a concentrated form. 
Transport and storage thus become much easier and costs 
much less. They have the special advantage that the 
relative quantities of the different plant nutrients which 
experiments have shown to be most suitable for optimum 
growth of a crop can be adjusted at will. 

The quantities of available organic manures and com
posts are not sufficient for intensive crop production and 
they are supplemented with artificial fertilizers wherever 
the latter can be had and paid for. Composts assume 
special importance under certain conditions. In mechanic
al cereal farms, the supply of straw is abundant and there 
is little or no livestock. In such farms, it is more con
venient to plough in straw with suitable additions of 
artificials, singly or in combination, than to compost them. 
The market garden and the glasshouse industry have no 
straw or livestock at their disposal and have to rely on 
other sources of organic matter for application to the soil. 
Not only are vegetable wastes used but also green manures 
grown on them for the preparation of composts. In coun
tries where artificials are not available in sufficient quanti
ties or the peasants are too poor to pay for them, the latter 
have naturally to rely solely on the traditional sources of 
plant food. 

Straw is the chief source of compost. It, however, 
constitutes the main supply of fodder in many tropical 
countries and is also used extensively for thatching. It is 
thus not available for compost-making in sufficient quanti
ties. All suitable forms of vegetable wastes are used for 
preparing composts and various processes have been 
developed (18). In recent years, considerable attention is 
being paid to the methods of preparation of artificial farm
yard manure from vegetable wastes (chiefly straw) by 
composting them with additions of nitrogenous fertilizers 
alone or with phosphates and sometimes with potash. 

The labour and cost involved in the collection of the 
vegetable waste and in composting it, as also the cost of 
transport of a bulky manure having very low content of 
plant nutrients, limit its use for intensive crop production. 
With the rising cost of labour, increasing difficulties of 
getting it, and the difficulty of getting vegetable wastes in 
sufficient quantities, it has a limited scope in the tropics 
as in European and American agriculture. Under tropical 
conditions legumes as green manures seem to deserve 
more attention, especially when supplemented with phos
phatic fertilizers. 

All measures should, however, be taken, consistent with 
economic and other practical considerations, to prevent 
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the use of dung as a fuel and to encourage the com posting 
of suitable types of vegetable wastes. Many organic ma
nures release plant nutrients more slowly than inorganic 
ft:rtilizers and this is of importance in relation to the 
demands of the plant for nutrients at different of its 
growth. The microbial activity which depends on ade
quate contents of soil organic matter also influence under 
certain conditions the release of plant nutrients in the soil 
otherwise not available to the plant. 

ESTIMATE OF POSSIBLE INCREASE IN CROP YIELDS BY 

VARIOUS MEASURES 

In an interesting publication an estimate has been made 
of the possible increase in yields of the major crops of 
India as a result of the use of (a) Irrigation; (b) Manures 
and fertilizers; (c) better varieties; and (d) control of pests 
and diseases (6). 

For rice the contributions of the above factors in the 
order given above are estimated to be (a) 50 per cent; 
(b) 20 per cent; (c) 5 per cent and (d) 5 per cent. The 
percentages given in the publication mentioned above 
refer to what is possible under existing conditions. Even 
then the 20 per cent possible increase under (b) may be an 
underestimate even under rain-fed conditions. The Mvsore 
experiments (40) show that under irrigated conditior{s the 
yield has gone up by more than 110 per cent from 1,500 lb. 
to 3,200 lb. per acre. Mention should be made here of 
the importance of proper and timely cultural operations 
including the use of suitable implements. 

Of the countries in the East, the average yields of crops 
in Japan are on the higher side (61). Pre-war figures of 
consumption of fertilizers per unit area of arable land place 
her third for nitrogen and she used 40 per cent of it more 
than Germany. Along with New Zealand, the Benelux 
countries and Switzerland, she "used most phosphoric 
acid" and with the Benelux countries, Norway, and Ger
many "most potash" per unit area of arable land (7). 

It is apparent that the fullest use of science involving 
the introduction of suitable crop systems, the extension of 
irrigation and the wide use of suitable combinations of 
manures and fertilizers determined by adequate experi
ments will result in striking improvement of the yields of 
crops and solve the problem of world food shortage. 
Extensive use of manures and fertilizers based on the 
application of existing scientific knowledge, especially in 
irrigated areas which render it possible to derive maximum 
benefit from them, should go a long way to solve our 
immediate problems of food shortage. 
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Improving Soil Productivity: Tropical Climates 

RAFAT HUSAIN SIDDIQUI and K. S. CH. SARDAR MOHAMMAD 

ABSTRACT 

Western and Eastern Pakistan together have an area of 370,311 square miles and a population of 75 millions. Wheat, 
sugarcane, cotton, rice, millets, tea, tobacco and jute are the principal crops. The soil of both the divisions is 
alluvium but varies in structure and physical condition in different parts. It is generally alkaline in reaction and deficient 
in organic matter and nitrogen (phosphorus and potash being adequate) in Western Pakistan, and in lime, phosphorus 
and humus in Eastern Pakistan where it is acidic in nature. No scientific soil survey has been made nor have well
planned manurial trials been carried out. Little or no work appears to have been done on the use of manures for improving 
soil structure. It has been observed that the soils respond well to farmyard and compost manures and ammonium 
sulphate and phosphate among the artificial manures. Lime is helpful in Eastern Pakistan and in Western Pakistan in 
places where the soil is acidic in nature. 

Pakistan is divided into the West em Pakistan and the is 370,311 square miles and the total population 75 millions. 
Eastem Pakistan. Westem Pakistan consists of West Pun- Rice, jute (87 per cent of the total production of un
jab, North West Frontier Province, Sind and Baluchistan divided Bengal), sugarcane, tea and tobacco are the princi, 
(area 312,302 square miles, population 30 millions) pal crops of Eastern Pakistan, while wheat, sugarcane, 
whereas Eastem Pakistan includes East Bengal and a cotton, rice, maize, millets, barley, gram, peas, oilseeds. 
portion of Sylhet district from Assam (area 58,009 square potatoes and beans are those of the Westem Pakistan. 
miles; population 45millions). ThetotalareaofPakistan The area under chief crops is set forth on page 239. 
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Area Under 

Province Major Pulses Sugarcane 
cereals 

1\.W.F.P .. 1,825 205 115 
Vl'est Punjab 10,750 3,015 253 
Sind. 3,631 629 7 
Baluchistan. 50 3 

Agriculture in Western Pakistan is partly rain-fed and 
partly irrigated. In certain parts of Sind and the West 
Punjab where rainfall is low, cultivation is only possible by 
means of inundation and perennial canals. Inundation 
c;mals are supplied with water when the rivers are in 
floods while perennial canals are constructed by putting 
S•)me form of barrage across a river which flows through
out the year. Canals are mostly found in the West Punjab 
and Sind. The Sukkur Barrage has converted inundation 
c.mals into perennial canals. Wherever there are canals 
there is fertility. Before the advent of irrigation the pre
s•~nt canal colonies of the Punjab were a desert. The canal 
irrigation areas in India before division were as follows: 
Punjab, 11,343,000 acres; Sind, 4, 728,000 acres; Bengal, 
48,000 acres; and Baluchistan 21,000 acres. 

SIDDIQUI AND MOHAMMAD 

Chief Crops 

Area in 1,000 acres 

Fruits & Edible oils Cotton Tobacco Fodders 
vegetable 

40 97 16 12 139 
168 75 1,946 36 3,110 
50 196 699 3 220 
2 5 2 

The total production of some of the crops in 1940-1941 
is tabulated below. 

Yield in thousand tons in 1941 

Name of crop Punjab Sind N.W.F.P. Bengal 
\Vheat. 3,339 331 251 
Rice. 427 6,043 
Sugarcane 470 107 532 
Cotton. 1,215 330 29 
Jowar . 87 120 11 
Tobacco 21 2 134 
Linseed 2 22 
Gram 663 59 21 94 
Barley. 219 3 42 29 
Bajra 407 84 ]8 
Maize 423 214 30 
Sesame. 7 33 
Castor . 5 

THE SOILS OF WESTERN AND EASTERN PAKISTAN 

The soils of Western Pakistan are of the alluvial type 
derived mainly from the Himalayas. The soil matter 
brought by the Indus and its tributaries is deposited in the 
plain and varies in texture and consistency from sand 
through loam and fine silt to stiff and heavy clays. Cal
careous soil is also met with at certain places. These soils 
are easy to cultivate, they respond to irrigation and ma
nuring and are capable of fixing nitrogen. They are 
deficient in organic matter and nitrogen and adequate in 
potash, phosphorus and lime. The soils of Eastern 

Pakistan are also of the alluvial type. The finer material 
brought by the Brahmaputra is deposited all over Bengal, 
in the form of fine silt along the banks of the rivers and 
clay away from them. These soils which are periodically 
fertilized by fresh deposits of silt from the overflowing of 
rivers, are loamy and acidic in nature and generally defi
cient in lime, phosphates and humus as well as deficient in 
nitrogen at some places. Dacca soil is a heavy red clay 
(laterite), poor in lime and phosphate with pH 5.0. The low-
1 ying paddy soils of Com ill a and Bogra are also highly cia yey. 

THE SOILS OF THE WEST PUN JAB 

Detailed data on the soils are available only for the 
West Punjab. While the soil of the West Punjab has not 
so far been surveyed on scientific lines, it can be described 
under the following heads: (1) mountain region, (2) sub
montane region, (3) dry areas of the salt range, and (4) 
the arid south-western plains. 

J11ountain region. This region extends over Murree 
Tahsil and a portion of Kahuta Tahsil of the Rawalpindi 
district. The altitude at Murree approaches some 7,000 ft. 
The land is sloping and is subject to erosion. It is defi
cient in plant nutrients especially phosphates. A part of 
this area is under Government Forest Department; the 
nst is owned by landowners and very little is under 
cultivation. 

this area consists of low hills with scanty vegetation. The 
land is low in fertility and subject to erosion and very little 
is under cultivation. In addition to the hilly tract there is 
a vast area which is also unfit for cultivation because it is 
cut into ravines and gullies by the hill streams. In each 
district, however, there are tracts where the soil is ex
tremely rich. Around the salt range in the districts of 
Jhelum, Shahpur and Mianwali the soil is calcareous and 
rainfall is low. In some places spring water is available but 
it is often made unfit for irrigation because it passes 
through tracts of common salt and by depositing dissolved 
salts on the land around the beds of streams, prevents 
cultivation. 

Arid south-western plains. Comprising the districts of 
Submontane region. This includes the district of Sialkot Multan, Montgomery, Lyallpur, Lahore, Sheikhupura, 

and portions of the Rawalpindi and Attock districts. The ]hang, Gujranwala, Dera Ghazi Khan and parts of Muzaf
sc•il is mostly alluvial and fertile but deficient in phos- fargarh, Gujrat, Sialkot and Shahpur, these plains may as 
phates. Rainfall in the Sialkot district ranges from well be described as canal colonies. The soil is alluvial and 
2fl in. to 35 in. and in Rawalpindi and Attock from 16 in. has been brought by the rivers Sutlej, Ravi, Chenab, 
tc 30 in. Irrigation is by means of wells. Jhelum and Indus. The depth of the soil varies from 

Dry areas of the salt range. This includes the districts of place to place and there are layers of salt at varying depths. 
Jhelum and Mianwali and parts of Rawalpindi, Attock, For a few miles around the rivers the soil is well-drained, 
Shahpur and Muzaffargarh. A fairly large percentage of and since the level of subsoil water is not very low, both 
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well irrigation and canal irrigation are practised. Through
out this tract the level of subsoil water is rising owing to 
canal irrigation with the result that salts are coming to the 
surface and a fairly large percentage of good land has gone 
out of cultivation. The future of this tract does not ap
pear to be bright unless measures are adopted to check the 
appearance of salt and waterlogging, for the latter leads 
to the exclusion of oxygen which is necessary for chemical 
changes and bacterial development in the soil, and to the 
breaking down of the soil structure. Being alluvial the 
soil is of good fertility. All types of crops are raised here 
and the yields are not low. Rainfall ranges from 12 in. to 
25 in. in parts of Lahore, Gujranwala and Gujrat districts 
and from 5 in. to 10 in. as one proceeds down the rivers in 
a south-westerly direction. 

In the canal colonies there are certain types of soils 
which cannot be brought under cultivation. 

Sand dunes. The soil in the district of Multan, Jhang, 
Muzaffargarh, Shahpur and Mianwali is in the form of big 
sand dunes. These occur to some extent also in Thal, a 
part of which is coming under cultivation although a 
greater portion cannot be irrigated. 

Barren lands. In addition to the sand dunes there are 
barren lands which go under the name of Bara and Bari 
and extend over 3,000 to 4,000 square miles. The Bara 
soil is alkaline in reaction with certain distinctive features: 
it is extremely hard, dense in structure and highly charged 
with salts, and it usually cracks into clods. The surface 
layer of the soil, containing about 80 per cent clay, is hard
ly penetrated by water. In the Montgomery colony alone, 
there are about 300,000 acres of Bara and Bari type of land 
while about 150,000 acres are found in the adjoining 
districts. Bari soil can be reclaimed with less difficulty 
than the Bara soil. Chemical methods (application of 
gypsum) and mechanical methods (flushing, leaching, 
scraping, trenching, drainage) as well as the usc of alkali
resistant plants like lucerne, rice and acacia have been 
proposed in this connexion. 

In the hills the soil reaction is acidic and the pH con
tinues to increase as one goes down the rivers to their 
junction with the Indus. The development of acid con
ditions is attributed to the washing out by drainage or 
percolation of calcium and other basic substances. 

VARIETIES OF CROPS 

kistan. Desi cotton can be grown in all irrigated tracts and 
will do well even on comparatively poor soils. American 
cotton, on the other hand, requires good soil; it thrives 
well where humidity is low and plenty of irrigation water 
is available. It requires its root system to remain in com
paratively moist soil and its overground portion in an arid 
or dry condition. Among the Desi varieties Molisoni 
cotton is very prominent while 4F, and 268 F, 285 F, 
289F 43, 289 F/K-25, 124 F, 199 F and L.S.S. are re
commended varieties among the American cottons. 

Rice. Investigations at Kala Shah Kakn (Sheikhupura) 
have brought forth several varieties but Sathura among 
the common rice and 379 among the Basmatis have found 
favour with the farmer. 

IMPROVEMENT IN SOIL FERTILITY 

Since time immemorial agriculture has been, and it will 
continue to be, the main industry of Pakistan. Continuous 
cropping without the addition of plant food material has 
so depleted the soil that production has reached its lowest 
level. Owing to the introduction of improved and heavy
yielding varieties of crops, the situation may become very 
serious unless attention is paid to building up the soil. 
Fertility of the soil depends not only on the supply of 
essential nutrients, but also on an improvement in the 
physical condition of the soil with which are associated 
soil temperature, aeration, tilth, structure, moisture
holding capacity and microbial life. By a judicious policy 
of manuring essential nutrients can be supplied and con
ditions created which will induce the conditions mentioned 
above. There must be not only a good standard of culti
vation but also rational crop rotation and crop planning 
consistent with economics. 

Since the soils are generally deficient in organic matter 
and nitrogen, the remedy is to apply manures, which can 
generally be grouped into two major categories, i.e., or
ganic and artificial. 

ORGANIC MANURES 

Farmyard manure 
The only source of organic matter is farmyard manure. 

The difficulty at present is that although its addition to 
soil always increases the yield of nearly all crops, it is 
decidedly limited in quantity and what little is available 
is not properly conserved and made use of. Liquid manure 
is practically wasted for want of litter in the cattle byres. 

Wheat. A large area was formerly sown to 8-A, a suit- From 40 to 45 per cent of dung is burnt as dung cakes 
able strain selected by Mr. Milne, but now the following (they burn slowly and are, therefore, preferred to wood 
strains have been developed as best suited to prevailing fuel especially for boiling milk), and the rest is dumped 
conditions: C 591 for soils of average fertility; C 518 for around dwelling places thus creating insanitary conditions 
rich soil where other varieties are likely to lodge; C 228 and wasting a considerable amount of fertilizing elements. 
and C 250 for late sowing; and C 217 for barani con- A concerted effort is necessary to make the people realize 
ditions. what they are losing. 

Sugarcane. Katha, suretha, lalri, dhaulu and other local The best method of storing manure has yet to be 
varieties used to be grown in the Punjab, with a maximum worked out. Waste wheat bhoosa and barley straw, rice 
yield of 300 maunds of stripped cane per acre. By sub- straw, sugarcane trash, toria stalks, dry roughs, leaves 
stituting Coimbatore varieties, however, the yield of and unused fodder should be used as litter to absorb the 
stripped (Co. 312, Co. 313, Co. 421, CoL. 5, CoL. 9) canes liquid portion of the manure, and the litter along with 
increased to 500 maunds per acre. refuse and dung should be placed daily in pits and covered 

Cotton. Cotton is an important cash crop of Western with earth until it is ready for use. As a result of the 
Pakistan. Two different types Desi (Gossypium arboream) experimental work done at New Delhi and Lyallpur, there 
and American (Gossypium hirsitum), are grown in Pa- are indications that fresh dung added directly to the soil 

240 



IMPROVING SOIL PRODUCTIVITY 

daily and turned under with spades or inverting ploughs 
gives more yield than farmyard manure which has been 
stored in pits. 

Farmyard manure is used in the submontane region and 
in the arid south-western plains, but in the mountain 
region it is very limited in quantity. 

Because of restrictions imposed by the Forest Depart
ment, people can keep only a small number of cattle. While 
in the dry areas of the salt range, the lack of fodder makes 
it impossible for farmers to keep them, and milch cattle, 
donkeys and bullocks are yoked together for use in soil cul
tivation. It has been estimated that in Western Pakistan 
there are about nine million oxen and somewhat overfour 
million buffaloes. On an average an ox or cow yields about 
eight to ten seers of farm manure per day and in a year 
would furnish five to six cartloads of compost manure, pro
vided all is conserved and fermented. The total estimated 
production of farmyard manure would come to 78 million 
cartloads, an amount which would be reduced to 32 to 
35 million cartloads if a loss of 40 per cent is taken into 
consideration. This would suffice for 2 million acres ofland 
at the rate of ten cartloads per acre. 

Composts 

Next to farmyard manure in importance is compost 
manure. It has not been used in the mountain region, and 
in the dry areas of the salt range it cannot be used on 
account of low rainfall. No regular attempt has so far 
been made in the rural areas to adopt compost making on 
a large scale. Though it is being prepared at Coleyana in 
Montgomery district. 

SIDDIQUI AND MOHAMMAD 

load. The preparation of compost near municipal centres 
has been suspended temporarily but when it is revived and 
extended Pakistan will be provided with immense quanti
ties of manures with which no other manure can compete 
in richness and returns. Experiments with town compost 
have shown an increase in yield ranging from 25 to 50 
per cent especially in the case of vegetables, potatoes and 
garden crops and an increase of 2 to 3 maunds per acre for 
paddy, wheat, jowar, bajra and other cereals. 

Green manure 
From time immemorial agriculturists have been follow

ing the practice of turning under a green crop to improve 
the condition of the soil. Rapidly growing and nitrogen
fixing leguminous crops such as sann-hemp (Crotolaria 
juncea), guara (Cyampsisis psoralioides), berseem (Tri
folium alexandrium), dhaincha (Sesbania aculeata) are 
grown and ploughed under while they are still succulent. 
The first three have been recommended for the Punjab and 
the fourth for Bengal. It has been found that an acre of 
sann-hemp yields about 350 maunds (12i tons) of organic 
matter and 1 maund or 80 lb. of N (.31 per cent is the 
average amount of N). The humus obtained from the 
decay of the manure increases the organic matter and 
nitrogen content of the soil and improves its physical, 
chemical and biological conditions which are so important 
for crop growth. 

Green manuring, though advocated for a long time, is 
not favoured by farmers for the following reasons: 

(1) A zamindar cannot afford to replace a majoralterna
tive crop; (2) inverting ploughs of low cost are not avail
able to every farmer; (3) in barani areas a farmer cannot 
afford to grow green manure with the summer rains and 
lose the chance of growing Rabi cereals; (4) serious diffi
culty is sometimes encountered in fitting a green manure 
crop into a rotation; and (5) the poverty of farmers is also 
an obstacle. On big estates green manuring is practicable. 

In the mountain region green manuring is not practised 
while in the dry areas of the salt range its application is 
impossible because of low rainfall. It is applied in the 
submontane region in the district of Sialkot. 

In the canal colonies where irrigation facilities exist, 
there is no reason why green manuring should not be done 
as a regular part of crop rotation. Wider publicity through 
village panchayats and the Department of Agriculture, 
and legislation by the Government are necessary to en
force the conservation and application of organic manures 
which give increased yields of all crops. 

Compost manure is the best suited to the requirements 
of our agriculture. By preparing compost from farm 
refuse an agriculturist can enrich his soil considerably. 
Among the pioneers who developed and popularized the 
idea of composts in India, the names of Dr. Gilbert J. Fow
ler and Sir Albert Howard will always be remembered in 
the annals of agriculture of this country. The former 
prepared an active inoculum, rich in fungi and bacteria, 
which rapidly decomposed refuse into good manure. Other 
workers fixed the optimum conditions for obtaining better 
quality and increased yield of compost. The Imperial 
Council of Agricultural Research, taking notice of the 
results, appointed officers to start work at 600 municipal 
centres in India where 500,000 tons of ready compost was 
expected from night soil and town refuse. It is estimated 
that about 10 million tons of manure per year can be ob
tained by expanding this scheme. The production of 
manure from village refuse, howeve:-, remains a problem. 

The late Sir Albert Howard studied the problem of Crop residues 
compost from the agronomic viewpoint; his method was to These generally consist of roots, stubble etc., left in the 
decompose layers of moist vegetable and organic matter fields after harvest, and after the stems, stalks and straw 
with alternate layers of manures in which active organisms have been used either as fodder for animals or as fuel. 
were present. The farm waste used generally consists of These residues may not be adequate but they add a 
grass, weeds, straw, dung, litter and sweepings from the certain amount of organic matter to the soil. No work has 
cattle sheds. yet been undertaken on this subject and experimental data 

Both of these composts are rich in nitrogen, humus- are not available to show how much the residues actually 
micro-organisms and other elements essential for plant add to soil fertility. 
growth. A cartload of urban compost is equal to two cart, Oilcakes, too, have not been used on any large scale but 
loads of farmyard manure. The former can be prepared they will certainly raise soil fertility and improve the 
for Rs.1/8/- in the first year and for 8 annas in subsequent physicalconditionofsoil. The composition (in percentages) 
years while the latter can be had for Rs. 3 toRs. 4 per cart- of some of the cakes is shown on page 243. 
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IMPROVING SOIL PRODUCTIVITY SIDDIQUI AND MOHAMMAD 
-········---~---- --------------------~ ··---

Name of cake Mois- Dry Ash Fat Crude Pro- N N.free 
ture mat- fibre tein ex-

fer N tract 
S.\rson ( Brassica 

compasitius) . 6.4 93.6 8.9 12.8 10.2 29.6 4.7 32.0 
Toria(B. rapus). 3.8 96.2 7.5 8.6 9.8 35.0 5.6 35.4 
Taramira ( Eruca 

stira) 6.4 93.6 7.6 11.6 9.8 33.3 5.3 32.3 
Linseed (Linum 

cestatis) 5.6 94.4 9.3 6.2 9.4 20.4 3.2 42.1 
Groundnut cake 

(Arachis hypogaea) 6.2 93.7 5.4 tl.l 15.2 37.6 6.0 29.5 

Castor cake does not give as good results as mustard 
(toria) and linseed cakes but oilcakes have in general been 
recommended for rice and sugarcane. The practice of 
u;;ing oilcakes in manures should not be encouraged as 
they are required for feeding the animals. 

ARTIFICIAL FERTILIZERS 

These are classed under the following major categories: 
(l) nitrogenous, (2) phosphatic and (3) potassic manures. 
In the mountain region and in the dry areas of the salt 
range they are not in use but they are applied in the sub
montane region and in the arid south-western plains. 

Systematic work on the use of artificial fertilizers start
ed only in 1946 with a view to finding out the behaviour 
of different fertilizers on different crops under different 
conditions of soil and climate. After serious interruption 
in 1947 the work wa.s resumed again in 1948. From the 
little experience gained so far, it can be said that the 
application of artificial fertilizers does not pay on soils of 
high fertility. On soils of low fertility, however, artificial 
fertilizers increase both yields and economic returns. The 
results are better if the fertilizers are applied in combi
nation with organic manures. 

Application of artificial fertilizers in areas having low 
rainfall and no irrigation is practically out of the question. 
There are millions of acres of such land in the dry trans
Jhelum tract. The best way to raise the fertility of barani 
areas is to take systematic and well-planned measures to 
conserve moisture through raising embankments (bunds), 
levelling etc. Levelling and terracing the fields and putting 
up bunds around the fields and the beds of all the streams 
will not only bring more land under cultivation but will 
add tremendously to soil moisture, which is so necessary 
in dry areas, and will also prevent washing away of plant 
food. Some lands in the Attock district, when treated in 
this manner, have given higher yields of wheat than even 
the colony lands, and in their case no manuring is needed. 
Organic and soluble mineral matter is brought down from 
all directions by rain-water and deposited in the newly
created fields, which are situated mostly in low-lying 
places. This process will go on for all time. As only a 
beginning has been made in this direction but it a happy 
sign that the owners of land are realizing the importance 
of thus improving their lands and adding to their income. 

Nitrogenous fertilizers 

times its weight of moist earth and applied before irri
gation. The following doses are recommended: 

Wheat. 25 to 40 lb. N per acre under different climatic 
and soil conditions of the Province. 

Cotton. 100 lb. N per acre at the flowering stage. 
Sugarcane. 100 lb. N per acre in the form of ammonium 

phosphate to be applied vvith the third or fourth irrigation. 
Rice. 30 lb. N per acre in ammonium phosphate about 

a fortnight after transplanting. 
That the use of ammonium sulphate has been negligible 

in the West Punjab is indicated by the following figures: 

Name of country 

1. Japan .. 
2. Belgium . 
3. Germany. 
4. U.K. 
5. Egypt .. 
6. Italy .. 
7. Punjab a. 

-·---

Consumption of 
fertilizers 

acre in lb. 

Sulphate Super-
of f'hosphate 

ammonia 

157.5 
102.5 
27.8 
31.7 

7.7 
18.0 

.3 

172.5 
130.3 
53.5 
63.7 
22.3 

104.3 

a The figures for the \Vest Punjab may be more or less the same 
as for the undivided Punjab or perhaps slightly higher. 

Phosphatic fertilizers 

Phosphatic manures are adapted to submontane tracts 
where the soils have been leached by heavy rainfall. In 
the plains as well they increase the yield under such 
specific conditions as the following: (1) the soil reaction 
should range between 6.5 to 8.5; (2) the phosphatic fertili
zers should be applied, preferably at depth, a month be
fore sowing; (3) organic manures in the form of farmyard 
manure or green manures should be applied along with 
phosphatic fertilizers. 

It has been established that the soils of hill areas and 
submontane tracts like Rawalpindi are deficient in phos
phorus, and that phosphatic manures give larger yields 
than those obtained by the use of nitrogenous fertilizers. 
For a year ammonium phosphate has given better returns 
than ammonium sulphate in the case of toria, berseem and 
wheat even at Sargodha and Gujranwala where the soils 
are not leached and are not in the submontane zone. This 
year's results from trials on rice at Gujranwala, Khanewal 
and Dera Ghazi Khan tell the same tale. At the Seed 
Farm, Kala Shah Kaku, in Sheikhupura district, between 
1935 and 1944, application of dhaincha green manure 
alone and with superphosphate, and with superphosphate 
alone, gave higher yields than control plots. But since 
1945 the situation has been reversed. The control plots 
are now giving higher yields than the treated plots and it 
appears that the continued treatment with dhaincha 
green manure and superphosphate has produced a change 
in the physical condition of the soil to the detriment of the 
rice crop. Further observations are in progress. 

Ammonium sulphate is the only important artificial 
nitrogenous manure easily available through Imperial 
Chemical Industries, Ltd. Ammonium sulphate alone or 
as a compound fertilizer has been found useful, on land Potassic fertilizers 
with a more or less alkaline reaction, for wheat, rice, These fertilizers are not applied in Western Pakistan 
su.;arcane and potatoes. It is diluted with three to four except on tobacco and potatoes to some extent. 
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Yields of Important Crops in Various Countries 

Country Wheat 

West Punjab 672.4 
United States 639.6 
Japan. 1,558.0 
USSR. 623.2 
Italy . 1,082.4 
Germany 1,697.4 
Canada . 565.8 
Australia 697.0 
Egypt 1,467.8 
Java 
Philippines 
India. 639.6 
Hawaii 
Peru 
Formosa 
Fiji. 

Yields in lb. 

Rice .lV!aize 

1.180.8 959.4 
1,820.4 1,107.0 
2,738.8 

4,100.0 1,451.4 
2,197.6 

2,640.0 

1,016.8 

Seed 
Cotton 
328.0 
721.6 

459.2 

750.8 

98.4 

1,480.0 

56.20 
27.08 

62.05 
4l.l4 
28.27 

Potassium nitrate and calcium nitrate are not used, 
and sodium nitrate, used over a series of years, shows 
poor results in some soils. 

Economic aspects of the use of fertilizers 

Well-planned experiments with the use of fertilizers 
have not been carried out. It is no wonder, in any case, 
that the yields of important crops in the West Punjab 
compare unfavourably with those of other countries. 

Because the prices of commodities change from year to 

year, it is difficult to determine the rate of profit from 
manuring crops. The following figures, however, have 
been worked out for 1948: 

Sugarcane 
Cotton. 
Rice ... 

Crop Net profit per acre due to 
ammonium sulphate 

Rs. 92/
Rs. 84/
Rs. 116/-

A profit was obtain:t by the application of ammonium 
sulphate to oilseeds, at the rate of 40 lb. N per acre, half 
before sowing and half at the flowering stage. 

A comparative trial was run of the economic returns 
from applying to sugarcane farmyard manure, groundnut 
cake, toria cake, cotton-seed cane and ammonium sulphate 
(at the rate of 140 lb. N per acre) alone, and in combination 
with each other in equal quantities, for the four-year 
period 1942-1943 to 1945-1946. The highest net return, 
amounting to Rs. 137/-, was obtained from the use of 
70 lb. N in farmyard manure plus 70 lb. N in groundnut 
cake; the next highest return, amounting to Rs. 117/-, 
was from ammonium sulphate; and the next amounting 
to Rs. 113/-, was from toria cake. The net return from 
the use of groundnut cake alone, and from 70 lb. N in 
farmyard manure plus 70 lb. ammonium sulphate was 
practically the same, viz., Rs. 107/-, and Rs. 104/-, 
respectively. Application of cotton-seed cake at 140 lb N. 
per acre resulted in a loss of Rs. 

THE SOILS OF SIND 

The total area of Sind including Khairpur State is 
52,944 square miles. The rainfall is below 10 in. and the 
crops depend upon a highly developed network of canals. 
The canals in certain areas have caused a rise in the sub
soil water table which at some places is only a few inches 
below the surface. The map (Figure 1) gives an idea about 
the soils of Sind. Agriculturally the soil of the Indus 
alluvium is important. It is deep, loamy and calcareous, 
poor in organic matter and nitrogen (0.02 to 0.07 per cent) 
but has enough of K 20 and P 20 0• The soil lacks uniformity 
and has low water-holding capacity and hygroscopic co
efficient. The presence of kalarortheaccumulationofsalts 
is a common feature, the pH ranging from 7.2 to 8.2. 

IMPROVEMENT IN SOIL FERTILITY IN SIND 

The main crops like cotton, wheat, jowar and rice are 
rarely manured while farmyard manure is applied to 
orchards and vegetables. The soil fertility is maintained 
by fallowing. Some of the results achieved by manurial 
trials at the Agricultural Research Station, Dokri, in 
Larkana district are given below and indicate that nitro-

genous fertilizers give a better response as compared to 
phosphatic, potassic or organic manures. 

Wheat 

Oilcakes and ammonium sulphate at the rate of 60 lb. 
nitrogen per acre show superiority over compost and give 
an increase in yield of 20 to 30 per cent over control but 
the general use of oilcakes is now impossible on account of 
their being important cattle feeds, and of their high cost. 

Cotton 
60 lb. nitrogen in ammonium sulphate at the time of 

flowering nearly doubles the yield. This dose also gave 
maximum yield at Sakrand. Application of oilcakes at the 
same rate is equally advantageous though not economical. 

Paddy 
(a) 60 lb. nitrogen in ammonium sulphate in two parts 

increases the yield from 30 to 50 per cent. (b} A mixture 
of oilcakes and ammonium sulphate is equally effective 
but not economical. (c) A mixture of ammonium sulphate 
(30 lb. nitrogen and superphosphate, 30 lb. P 20 5) gives 
better results on finer varieties than on the coarse ones. 

THE SOILS OF NORTH \'VEST FRONTIER PROVINCE 1 

The soils of the Province vary in physical structure from 
light sandy loam to clay. The loamy soils are met with in the 
northern parts while the sandy ones become more promi
nent in the sou them districts especially in Dera Ismail Khan 
and Bannu. They are deficient in organic matter, nitrogen 
and phosphates but contain sufficient potash and lime. 

IMPROVEMENT IN SOIL FERTILITY IN NORTH WEST FRONTIER 

PROVINCE 

The common manures are farmyard manure and com-

1 The authors wish to acknowledge their gratitude to the 
Directors of Agriculture, Sind and N.'\V.F. Province. 
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post, but their available quantity is hardly sufficient to 
meet the manurial requirements. Green manuring, wher
e\'er irrigation facilities are available has enriched the 
soil. The organic manures in general have a wholesome 
effect in improving the physical structure of the soil and 
crop yield. Sugarcane is one of the important crops of the 

SIDDIQUI AND MOHAMMAD 

Province. Manurial trials on sugarcane at the Tarnab 
Farm (Peshawar district) indicate that there is hardly any 
increase in the yield of cane or sugar by the application of 
nitrogenous fertilizers while phosphatic and potassic 
fertilizers depressed the yield of cane, the latter to the 
extent of 50 to 60 maunds per acre. 

THE SOILS OF EASTERN PAKISTAN1 

The soils of Eastern Pakistan are of the alluvial type. 
Although they have not so far been surveyed on scientific 
li:les, they can be broadly classified into two groups: 
(J) Red lateritic soil on high land, and (2) new alluvial soil 
on medium and low-lying land. The first type has a lower 
rr oisture-holding capacity, a lower sticky-point moisture 
and a lower volume expansion on swelling. The silica
alumina ratio of the first type is greater than 1.33 and that 
of the second is always about 2. 

RED LATERITIC SOIL ZONE 

This occurs in the districts of Dacca and Mymensingh 
a!ld comprises a block known as the "Madhupur jungle 
tract" which commences from the northern side of the 
River Buriganga in the Dacca district and extends up to 
the Maujas Sreepurkumaria in P. S. Jatralpur. Some 
isolated patches are also found in the Polashghar, Trisal, 
Kaoride and ~arayangang subdivisions. The soil is also 
seen in some parts of Raj shahi, Dina j pur, Bogra and lrfalde, 
forming a compact mass known as the "Barind tract". 
The same type of soil is visible in some parts of Chittagong 
and Tipperah districts. There is a hill at Tipperah known 
as "Lalmai hills" (lal-red, and mai-soil) covering an 
area of about 30 square miles. 

The Madhupur jungle tract is a highland area above 
flood-level intersected by numerous gentle depressions 
locally known as "Bydes" which are highly valued for 
aman-paddy. The topography is rough and broken, rising 
in some places up to 50 to 60 ft. from the flood plains and 
at others consisting of chains of isolated mounds of differ
ent sizes, some of which do not exceed more than one acre. 
In some places it consists of flat lands occupying several 
square miles. 

The soil is very stiff argillaceous clay, sometimes con
taining ferrogenous concretions. It is deficient in lime, 
phosphate and organic matter. The pH varies from 5.5 to 6. 
The colour of the surface soil varies from red to brownish
red and yellowish-red and that of the subsoil down the 
profile is either brick red or crimson red. The texture of 
the soil becomes heavier with increasing depth and some
times iron concretions also occur. 

The soil generally depends upon topographic and 
drainage conditions. From the morphological point of 
view the soils of this tract can be divided into two types, 
type I (Podsol) and type II (Red loam), according to the 
international classification and grouping of soils. The 
type I soil is less silicious and has a lower content of silica 
and iron oxide than type II. The silica-alumina ratio is 
also lower. A 100-ft. boring has shown that there is no 
stratification of clay layers underneath. Underlying the 
red clay are formed layers of yellow sand resembling those 
of the Vindhya range in Central India. 

The "Barind tract" belongs to an old alluvial formation 
which is usually composed of massive argillaceous beds of 

pale reddish-brown colour which often turns yellowish on 
weathering. "Kankar" and pisolitic ferrogenous con
cretions occur throughout the mass. The soil is stiff clay 
and the surface soil is less friable and harder. This type of 
soil may be considered as type I (Podsol) in view of its low 
Fe20 3 content. It is deficient in lime and phosphate like 
the red soil of the Madhupur jungle tract. The pH ranges 
from 6 to 6.5. 

THE NEW ALLUVIAL ZONE 

This zone has been formed by the deposition of silt 
carried down by the rivers Teesta, Ganges, Brahmaputra 
and its tributaries. 

Teesta silt extending over Rangpur and parts of Dinaj
pur is a sandy loam. The soil is adequate in potash and 
phosphate but poor in lime. The pH ranges from 6 to 6.5. 
Paddy, sugarcane and tobacco are the main crops. 

Gangetic alluvium (parts of Rajshahi, Pabna and Farid
pur) represents the riverine lands of the Gangetic plain. 
The soil is rich, is characterized by a high lime-content and 
is supplied with potash and phosphate. The texture varies 
from clay loam to light sandy loam. 

Brahmaputra alluvium (Tipperah, Naokhali, parts of 
Mymensingh and Dacca districts) is very fertile and rich in 
nutrients. It is replenished every year by fresh deposits of 
soil carried down by flood-water. The colour is generally 
grey to dark grey and the texture on the surface varies 
from clay to loamy sand. Generally clay loam and loamy 
clay texture is found in the swampy and water-logged 
marshy lands. A lighter texture is prominent either by the 
side of the river or at a comparatively higher level of the 
land. Almost every kind of crop is grown, jute and paddy 
being the most important cash crops. 

The coastal saline tract (Bakerganj, Khulna and a part 
of Jessore) is situated in the southern portion of the delta 
and consists of a flat low-lying area. The north-western 
portion of the area is above flood level while the north
eastern is covered with swamps. Farther south near the 
sea is the "Sunder bans tract" -a region of morasses of 
swampy islands most of which are clothed with dense, 
evergreen forest, while some are covered with salt water at 
flood-tide. The soil is saline and salt efflorescence occurs 
in many places. 

THE USE OF FERTILIZERS IN EASTERN PAKISTAN 

Some time must elapse before data are available on the 
manurial practices of the country. The present informa
tion about manurial trials is based upon experiments 
conducted at Dacca, Mymensingh, Bogra, Faridpur and 
Rajshahi farms. The chief characteristics of the soils of 
these farms are tabulated overleaf. 

1 The author wishes to acknowledge his gratitude to Dr. M. 0. 
Ghani, M.Sc., Ph.D., Agricultural Chemist, Dacca (E. Bengal) for 
the information necessary for this section. 
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Characteristics of Farms in Eastern Pakistan 
Dacca Mymensingh Bogra Faridpur Rajshahi 

Heavy red clay. Sur- Alluvial The soil The soil The soil 
face soil darker and soil of a is red and is loamy, is1oamy 
subsoil deep red and loamy acidic, anddefi- andrich 
harsh. Difficult to get nature deficient dent in in lime. 
fine tilth, water-hold- from silt in lime phos- Rain-
ing capacity low, deposits; and phos- phate. fall: 
stickyonwettingbut ofmedi- phate. Juteand lOin. 
on drying forms hard urn fer- Jute and paddy 
mass with cracks. tility; paddy are the 
Poor in lime (0.08per deficient are the main 
cent) and phosphates, in N but chief crops. 
acid in reaction, pH adequate crops. Rain-
5-5.8; sand and clay in lime Rainfall: fall: 
each is more than andphos- 12 in. 10 in. 
30 per cent. Normal phate. 
rotation of crops Jute and 
followed is jute and paddy 
aus-paddy during are the 
Kharif and aman- main 
paddy, mustard rna- crops. 
tika-lai during rabi. Rainfall: 
Rainfall: lOin. 14 in. 

BEHAVIOUR OF DIFFERENT FERTILIZERS ON FARMS IN EAST 

BENGAL: STATISTICAL DATA 

Experiments after 1910, relating to the farms of Dacca, 
Mymensingh, Bogra, Faridpur and Rajshahi, have been 
recorded in this report. The modern methods of random
ization and replication for laying out experiments have 
not been widely adopted in any of the farms, but where 
there has been replication, the treatments have in most 
cases been systematically arranged. Where randomization 
has been attempted it has not been done in blocks but in 
an entire field, in most cases with an unequal number of 
replications for the several treatments. A method of 
layout that is very popular on these farms is to place a 
control plot on either side of each treated plot, in which 
case the significance of the difference in yield between each 
treatment and control is calculated by the student's 
method of "paired differences". In other cases of layout, 
Fisher's Analysis of Variance has been used wherever 
possible for calculating the random standard error. In 
cases where yields from treatments are to be compared 
two and two, Bessel's formula has been employed. Where 
an unreplicated experiment or one with very few replica
tions is continued for a number of years, the annual data 
are treated as replications and the standard error and the 
difference in significance have been worked out as in the 
case of replicated experiments. In such cases the trend of 
yields from year to year has also been noted. 

Name of 
farm 

Treatment 

Organic manures 

Remarks 

Rajshahi Nitrogen and phosphates. Little effect on paddy 

Dacca 

Bone-meal, rock phosphate 
and cow dung (60 lb. N 
and21lb. P 20 5 peracre). 

O.P. cake, mustard cake, 
shrimp waste, steamed 
and unsteamed bone
meal on an equal 20 lb. 
N basis; bone-meal at 
150 lb. P 20 5 per acre. 

yields. 
Significant in crease in 

yield of paddy. 

Significant increase in 
yield of paddy. The 
experiment lasted from 
1918-1919 to 1921-
1922 when manures 
were applied and from 
1922-1923 to 1930-
1931 when residual 
effects were noted. 

Name of 
farm 

Bogra 

Dacca 
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Treatment 

General dressing of cow
dung plus bone-meal plus 
hyacinth plus mustard 
cake or lime alone. 

Cake and lime or cow-dung 
and lime. 

Green manures 
Green manure plus cow

dung at 100 maunds per 
acre. 

Green manure plus lime 
(10 maunds) or previous 
treatment plus cow-dung 
at 100 maunds per acre. 

Green manure plus bone
meal at 240 lb. per acre. 

(a) LimelOmaunds,plus 
bone-meal (240 lb. 
per acre) plus green 
manure. 

(b) Previous treatment 
plus cow-dung (100 
maunds per acre). 

Bone meal at 240 lb. (in 
one year 350 lb.) plus 
lime 5 maunds per acre 
(at 10 maunds in some 
years). A general dress
ing of castor cake or 
cow-dung (40 lb. N per 
acre) added to hyacinth 
ash (100 lb. K,O per acre 
in alternate year). 

Lime (10 maunds), bone
meal (3 maunds); lime 
(3 maunds), bone-meal 
(3 maunds). 

Remarks 

Significant increase in 
yield of sa-n-nhemp or 
jowar in the rotation of 
sannhemp-jowar. 

Significant increase in 
yield. 

Between the yields result
ing from green manure 
and cow-dung there 
was no significant diffe
rence (each gave more 
than 35 per cent over 
those with no manure). 

No significant difference 
in yields (each gave 
more than 50 per cent 
over no manure). 

No significant difference 
in yields (each gave 
more than 46 per cent 
increase over no ma
nure). 

No significant 
in yields 
per cent over 
no manure). 

A well laid out experi
ment with four repli
cations lasting from 
1915-1916 to 1930-
1931; in one set the 
rotation was green ma
nure and jute and in 
the other jute and aus
paddy. Both on green 
and non-green manur
ed plots, bone-meal 
plus lime gave very 
high increase in jute 
yields (more than 30 
per cent in tbe first 
three years; 65 per cent 
in the fourth year and 
14 per cent in the fifth 
year) but with no sig
nificant difference in 
yields of green and non
green manured plots. 
Residually, too, the 
effects on aus-paddy 
yields were high (ex
cept in the first year 
when the yields were 
depressed) but with no 
significant difference in 
yields on these two sets 
of plots ; the same was 
the case with maize, 
fowar and cowpeas. 

From 1914-1915 to 1918-
1919on aus-paddyboth 
on green (Dhaincha 
grown in situ and 
ploughed in each year) 
and non-green manur
ed plots. Treatments 
on the latter gave fairly 
high increases in yield 
but on green-manured 
plots all treatments 
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Name of 
farm 

I'acca 

Treatment 

(• ·ontinued) 

17 

Hyacinth at 200 maunds 
per acre. 

Lime at 15 maunds per 
acre. 

1. (a) No lime. 
(b) Lime at 10 maunds 

annually. 
(c) Lime at 3 maunds 

every third year. 
(d) Lime at 60 maunds 

every sixth year 
alone or combined 
with bone-meal at 
3 maunds. 

2. Bone-meal (3 maunds) 
plus cow-dung (100 
maunds per acre). 

3. Cow-dung (100 maunds 
per acre). 

Remarks 

gave significant high 
increases in yield of 
more than 86 per cent 
but with no significant 
difference between the 
yields due to several 
treatments showing 
that green manuring is 
essential for this soil, 
and that as compared 
to green manuring, 
bone-meal or lime ap
pear to play a minor 
part in increasing the 
yield. The results of 
the rabi crops, matika
lai and buck wheat, 
following aus-paddy 
during the two years 
when rabi was grown, 
lead to the same con
clusion. 

From 1925-1926 to 1930-
1931 applied to aman
paddy grown on the 
low-lying soils; fairly 
significant high increase 
in yield of more than 
14 per cent over no 
manure during three 
years of experiment for 
which data are avail
able. 

Applied in 1922-1923 and 
residual effects were 
observed in two series 
of green and non-green 
manured plots and gave 
in general (with a few 
exceptions) significant 
high increases in yield 
for both kharif and 
rabi crops in the green
manured series, with 
significant difference in 
yield in the lime plots. 
Showed highly signi
ficant increase in yield 
of more than 25 per 
cent over no manure. 

In Birt's experimental 
plot lasting from l9ll-
1912to 1929-1930three 
cycles of six years were 
completed. In a set of 
32 green and non-green 
manured plots 16 
different combinations 
of treatments were 
tried. Manures and 
liming were discon
tinued from 1924-1925 
to 1928-1929 and am
monium sulphate at 
3 maunds per acre was 
applied to aus-paddyin 
1929-1930. The yield 
data of aus-paddy in 
non-green manured 
series showed that bone 
meal at 3 maunds per 
acre plus cow-dung at 
100 maunds per acre 
mixed with lime once 
in three years or once 
in six years, i.e., on an 
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Name of 
farm 
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Treatment Remarks 

average of 10 maunds 
per acre every year, 
gave in general the best 
yield with no signifi
cant difference in 
yields due to liming at 
different intervals. Cow 
dung alone at 100 
maunds per acre lead 
to the same conclusion 
with regard to the ap
plication of lime. Lime 
alone or bone meal plus 
lime, in general, did not 
give better results. Re
sidually during the 
period 1924-1928 when 
no manures or lime were 
applied, the aus yields 
followed almost the 
same course as above 
with very few ex
ceptions. In the case of 
j owar and cowpeas or 
Japanese millet during 
1927-1928 and 1928-
1929, all treatments 
gave very high in
creases in yield of more 
than 3 per cent in the 
case of almost all the 
treatments. 

In the case of the green
manured cycle series 
during the first cycle, 
as in the case of non
green manured series, 
bone-meal plus cow
dung mixed with lime 
gave the best yield for 
aus-paddy and then 
cow-dung alone and 
with lime; in the second 
cycle all treatments 
(lime alone or mixed 
with bone-meal, cow
dung or bone-meal plus 
cow-dung) gave high 
increases in yield with 
no significant difference 
in yields between the 
several treatments re
sidually; in 1924-1925 
cow-dung, or bone-meal 
plus cow-dung were the 
only treatments that 
gave significant in
creases; in 1925-1926 
none of the treatments 
benefited the crop and 
during the period 1926-
1927 to 1929-1930, 
curiously enough, all 
the treatments gave 
very high increases. 

The yields of the rabi 
crops, mustard and 
matikalai, both in the 
non-green and green
manured series were 
abnormally high show
ing that lime, phos
phates and humus are 
essential for increasing 
the yields of these 
series. 
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Name of 
farm 

Treatment Remarks 

Nitrogenous manures 

Mymcn
singh 

Dacca 

Bogra 

Ammonium sulphate at 80 
pounds (16lb. N) added 
to a basal dressing of 
cow-dung at 51 maunds 
per acre. 

Ammonium sulphate at 
160 lb. (80 lb. at trans
plantation and 80 lb. 
after 2 months). 

Ammonium sulphate (80 
to 400 lb. per acre) on a 
general dressing of cow
dung at 200 maunds plus 
lime at 10 maunds plus 
bone-meal at 3 maunds 
per acre. 

Diamophos at 200 lb. (40 
lb. Nand 100 lb. P 20 5). 

Faridpur Ammonium sulphate at 
192 lb. (38 lb. K) per 
acre. 

Diamophos at 200 lb. (40 
lb. N and 100 lb. P 20 5}. 

Rajshahi :Nitrogenous or phosphatic 
manures. 

Dacca I. Nitrophoska at 500 lb. 
2. Nitrochalk at 51 lb. 
3. And diamophos at 510 

lb. per acre. 

Applied to jute (jute 
every year with fallow 
during rabi) gave 
during each year of the 
experiment (1927-1928 
to 1930-1931), except
ing 1929-1930 when 
the crop was damaged 
by excessive rains, high 
significant increases in 
yield between 40 to 60 
per cent over no ma
nure. 

Applied to aman-paddy 
gave significant in
crease of 28 per cent 
over no manure. 

Applied to sugarcane did 
not produce any sig
nificant effect on yield 
in the year of appli
cation nor residuallv on 
the yields of jute 'and 
aus-paddy following 
sugarcane. 

Applied to aman-paddy 
gave 8 and 6 percent 
increase during the first 
two years, 1928-1929 
and 1929-1930, and in 
1930-1931 when Dia
mophos was reduced to 
100 lb. did not show 
any significant in
crease. 

Gave no significant in
crease in the paddy 
yields in 1928-1931. 

Gave highly significant in
crease to the extent of 
118 per cent in the first 
year. 

:None had any effect on 
the vields of aman- and 
aus-paddy, wheat (or 
kharif and aus follow-

the wheat crop) 
jowar. 

Kharif, 
Rabi, 
jowar, 
).1ustard 

A us, 
matikalai 

Significant ef
fectsfor kharif 
for all treat
ments and no 
effect on rabi. 

No effect for 
kharif but sig
nificant effect 
with treat
ment (1} on 
rabi but other 

treatments 
the 
sig-

nificantly. 
Green High effects on 
manure combuyieldfor 
Combu all treatments, 
( cowpeas increase of 
grown 
and 
ploughed 
in) 

more than 
28 per cent. 
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Name of 
farm 

Treatment 

Dacca 1. Sodium nitrate. 
(cont.) 2. Urea. 

3. Ammonium sulphate. 
4. Mustard cake. 
5. Nitrolime. 

Remarks 

The experiment was con
ducted during the year 
1930-1931. Noneofthe 
nitrogenous manures 
except (I) and (5) in 
general had any sig
nificant effect on /lharif 
(aus-paddy or jowar) 
andrabi crops (mustard 
or matikalai). In 1928-
1929 the top dressing of 
sodium nitrate at 825 
lb. per acre definitely 
benefited the rabi crops 
(mustard and mati/lalai) 
while the effect of both 
lime and nitrogen in 
nitrolime at 1,000 lb. 
per acre increased the 
yield of mustard by 48 
per cent over no ma
nure. In 1929--1930the 
increase of rabi 
resulting from 
nitrate at 51 lb. per 
acre was as much as 83 
per cent while the ef
fects of nitro lime at 375 
lb. per acre were not 
significant. In 1930-
1931 it was noted that 
the effects of all these 
manures on aus-paddy 
in 1918-1919 and resi
dual effects noted on 
aus yields till 1925 (ex
cept in 1922-1923when 
maize was grown) gave 
in general no significant 
increases in yield or 
even depressed the 
yields in some cases 
both in the year of ap
plication and residually 
in later vears; but the 
increase; in yields from 
nitrogenous or phos
phatic manures com
bined with lime were 
very high (even to the 
extent of 60 per cent 
over no manure), 
though the increases 
were not significant 
owingtoahighstandard 
error. Again in other 
experiments a compari
son between 25 differ
ent treatments-or
ganic, artificials and 
minerals-applied to 
jute after jute showed 
that a high potash 
manuring (to the ex
tent of 94 lb. K 20 
acre) combined 
lime (at 10 maunds per 
acre) seems to give 
optimum yields for 
jute, but with an in
sufficient number of 
replications and un
satisfactory layout no 
conclusive inferences 
are possible. 
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Systematic and well planned-manurial experiments on 
a large scale will decide effects and yields and the profits 
that would accrue from application of manures. Little or 
ro information as to the availability of farmyard manure, 
composts and crop residues can be had but from the 
r :sults so far achieved it can be concluded that on laterite 
s>ils which are red and acidic (pH 5.8} in nature, deficient 
in lime and phosphates, and highly clayey with a poor 
water-holding capacity, the application of lime is neces
SiTY to ameliorate and control the acidity without which 
no improvement or increase in crop yields can be expected. 
The interval of application of lime, i.e., whether it should 
be applied once a year, once in three years or once in six 
years, does not seem to be a very important factor, so long 
a3 10 maunds of lime per acre is applied on an average per 
year. Bone-meal and cow-dung benefit the crops showing 
that the soil needs phosphate and organic matter. Organic 
manure combined with nitrogen or phosphates (depending 
upon the element in which the soil is deficient) improve the 
yields of crops especially those of fowar paddy and jute 
while continuous green manuring produces very high 
n:sidual effects on all the crops grown in the soil, especially 
oa aus-paddy, fowar, mustard and matikalai, and in
creases the moisture-retention capacity of the soil. 

After discussing manurial experiments it will be but 
appropriate to give data about total production of im
portant crops, and their acreage, in Eastern Pakistan. 

Name of crop 

l. Paddy 
(a) Aman (winter rice). 141.91 1617.78 maunds 
(b) Aus (autumn rice). 53.29 413.67 maunds 
(c) Boro (summer rice). 6.73 68.65 maunds 

201.93 maunds 
2. Jute. 20.58 68.42\ bales of 400 
:1. Cotton. 0.80 0.20! lb. each. 
4. Tobacco . 1.46 15.38 maunds 
5. Sug-arcane 2.24 91.37 maunds (Gur.) 
H. Oilseeds . 

(a) Rape and mustard 4.14 20.31 maunds 
(b) Linseed . 0.67 3.25 maunds 
(c) Sesame . 1.62 9.19 maunds 
(d) Groundnut 0.026 0.31 maunds 

I. Gram and pulses 18.62 197.01 maunds 
8. ·wheat. 0.88 5.98 maunds 
9. Potato. 1.17 89.05 maunds 

I 0. Chillies 1.74 8.75 maunds (dry) 
ll. Onion and garlic 0.47 37.72 maunds (dry) 
12. Tea. 0.78 411.66 lb. 

COXCLUSION 

Both the population of Pakistan and the demand for 
food will continue to increase until the population increase 
threatens to exceed the rate of increase of foodstuffs. 
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SIDDIQUI AND MOHAMMAD 

In this connexion it is imperative that attention be paid 
to the factors that limit our agricultural production. 
Among the factors are neither considerations of space nor 
labour so long as fresh tracts can be brought under culti
vation and measures can be adopted against soil erosion 
and for the reclamation of alkaline soils. \Vhat is needed 
more is trained personnel; the collection and dissemination 
of agricultural knowledge; systematic scientific soil sur
veys; knowledge of the microscopic fauna and flora of the 
soils; well-planned manurial trials; intimate knowledge of 
fallowing; crop rotations and extensive and intensive 
farming; production, conservation and utilization of farm
yard manure, green manure, compost from municipal and 
rural night soil and refuse, and artificial fertilizers at 
extremely cheap rates. In addition to irrigation facilities, 
better-regulated markets are required to give better re
turns for the produce, and subsidies are needed to relieve 
the condition of the poverty-stricken, indebted farmers. 

Since the establishment of Pakistan, the people have 
shown a gift for rapidly assimilating new ideas and prac
tices and a capacity for organization and development. 
If the Government takes proper measures for the improve
ment of agriculture, Pakistan will be able to meet not only 
domestic requirements but will also be able to supply a 
surplus to other countries. 
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Fertilizers in British Caribbean Agriculture 

F. HARDY 

ABSTRACT 

The skilful use of fertilizers in British Caribbean agriculture is in its infancy. Sugarcane is the only crop which is 
systematically manured and ammonium sulphate is the only fertilizer used in quantity. 

Potassium salts are being increasingly employed in the growing of sugarcane and citrus, but phosphate is scarcely 
used, although recent experience indicates that its proper application may elicit great responses. The value of lime is 
appreciated by growers of sugarcane, but lime is not generally used on other crops. 

The arable soils comprise less than 1 million acres, or about 11/ 2 per cent of the total regional area, including British 
Guiana and British Honduras which are relatively sparsely populated. Sugarcane occupies one-quarter, and cacao, 
banana and coconut together occupy one-half of the arable acreage. The rest is occupied mainly by cotton, citrus, 
coffee and rice. Food crops are mostly grown under shifting cultivation. 

Before the war, the annual consumption of fertilizers was about 34,000 tons, of which some 30,000 tons consisted of 
ammonium sulphate. It is estimated that, in order adequately to manure the whole of the crop area, especially if food 
crops and grass are included, nearly half-a-million tons of mixed fertilizers would be needed, comprising approximately 
equal quantities of the three main kinds. 

Crop-growing in the British Caribbean Region is 
changing from land exploitation to scientific agriculture. 
The chief crops are sugarcane, cacao, banana, coconut, 
cotton, citrus, coffee and rice, distributed through the 
different territories as shown in Table I. The total area 

under these crops is only 1.5 per cent of the whole region. 
or 15.6 per cent, excluding British Guiana and British 
Honduras which are undeveloped. The remainder is under 
peasants' food crops, pastures and forest, or special crops 
such as arrowroot in St. Vincent and nutmeg in Grenada. 

Table I. Areas Under Chief Crops in the Different Territories (British Caribbean Region) 

(Thousands of Acres) 

Total area Sugar Cacao Banana Coconut Cotton Citrus Coffee Rice Total 

British Guiana . 49,920 65 22 2 3 49 142 
British Honduras. 5,675 l 6 4 l! l 13 
Jamaica. 2,848 45 20 175 40 5 20 305 
Trinidad~ Tobago . 1,266 82"' 180 40 8 8 10 328 
Dominica 195 ! 1 1 I]' 2 6 
St. Lucia 149 3 4! l 4! 11 14 
Antigua-Barbuda. 109 13 2 15 
Barbados 106 40b t 41 
St. Vincent 85 l t 5 5 13 
Grenada. 77 1 20 1 22 
St. Kitts-Nevis. 76 14C ! 4! 19 
Virgin Islands 37 1 2 
Montserrat 11 ! 5 ! 6 
Grenadines 11 5 5 

Totals. 60,565 2651/. 227 185 119 23 201
/. 31 60 931d 

~------

a Includes peasants' lands, 44,000 acres. 
b Includes peasants' lands, 7,000 acres. 
c Includes peasants' lands, 5,000 acres. 

SUGARCANE 

Sugar production is the most developed agricultural 
industry in the British Caribbean Region and the only one 
in which fertilizers are at present used in any quantity. 
It is mainly carried on by estate owners, though peasants 
sell canes to the factories in some islands. Sugarcane lands 
comprise nearly 30 per cent of the total cropped area. 
Output has increased greatly since 1920 though the 
acreage has not materially changed. It is estimated that 
788,000 tons of sugar, or about 3 tons per acre, will be 
produced in 1949. Improvement is attributed to greater 
factory efficiency, higher-yielding cane varieties, the con
trol of pests and diseases, drainage, mechanical tillage and 

d Equals 1.5 per cent of total area under these crops, or 15.6per 
cent, excluding British Guiana and British Honduras. 

the use of fertilizers. Much research has been carried out 
by the various Departments of Agriculture, the College in 
Trinidad, and the Central Cane-Breeding Station in Bar
bados. 

The increasing use of fertilizers since 1920 and its effect 
on yields are shown in Table II. In the five-year pre-war 
period, the annual quantity of imported fertilizers used in 
the sugar industry, reckoned in thousands of tons, was; 
ammonium sulphate, 30.2; superphosphate, 1.5; potas
sium salts, 2.8, costing 11/4 million dollars and giving 
averages of 2.90, 0.14 and 0.26 cwt. per acre of estates 
cane-land. Comparison with fertilizer consumption in 
European countries and in USA is made in Table III, 

250 



IMPROVING SOIL PRODUCTIVITY 

which shows that greater quantities of nitrogenous fertili
zers were used per acre in several of the territories (Barba
dos, British Guiana and Jamaica) than in many temperate 

HARDY 

countries. By contrast, the consumption of phosphates 
was insignificant, and that of potassic salts was appre
ciable only in Barbados and St. Kitts. 

Table II. Sugarcane Yields in Relation to Total Fertilizer Consumption (British Caribbean Region) 

(Average year) 

5-year British Guiana Jamaica Trinidad Barbados Antigua St. Kitts 
period a. 

------
Yield Fer- Yield Fer- Yield Fer- Yield Fer- Yield Fer- Yield Fer-

of til- of til- of til- of til- of til- of tit-
sugar- izer sugar- izer sugar- izer sugar- izer sugar- izer sugar- izer 
cane cane cane cane cane cane 

-··------
tons cwt. tons cwt. tons cwt. tons cwt. tons cwt. tons cwt. 
acre acre acre acre acre acre acre acre acre acre acre acre 

1920-1924 19.6 3.1 8.4 0.3 4.4 
1925-1929 21.9 3.3 12.1 0.9 5.1 16.8 21.5 
1930-1934 27.1 3.4 16.1 1.3 5.7 15.7 22.7 
1935-1939 33.2 3.8 25.0 2.5 4.0 31.0 6.5 18.4 0.7 25.0 5.3 
1940-1944 28.6 2.8 24.2 1.3 19.7 3.1 25.5 8.8 17.5 1.5 26.9 3.3 
1945-1948 26.5 2.1 23.9 4.9 4.4 20.6 1.9 

a A statistically significant positive correlation ( + 0.917) has been established between the yield of sugar and the magnitude of the 
dressing of ammonium sulphate per acre applied in British Guiana during the years 1926-1939. 

Nitrogen. The effect of increasing tonnage of imported 
ammonium sulphate on the yield of sugar per acre for the 
period 1926-1939 is illustrated by data from British 
Guiana; the correlation coefficient between the two quan
tities is+ 0.917. It is estimated that about 47 per cent of 
the increased yield in recent years is due to this fertilizer. 
When no nitrogenous fertilizer is used, the yield of sugar 

per acre is about 0.96 ton. For each hundredweight of 
ammonium sulphate used, an increase of nearly 0.40 ton 
of sugar is produced by the cane-crop in British Guiana, 
as compared with only 0.09 ton for the sugar-beet crop in 
England. Flood-fallowing in British Guiana gives a yield 
increment commensurate with that given by2cwt. per acre 
of ammonium sulphate. 

Table III. NPK Fertilizer Consumption in Sugarcane Estates (British Caribbean Region) 

(Average year) 

British Guiana . 
Jamaica. 
Trinidad 
Barbados 
Antigua. 
St. Kitts 

For comparison: 

Total 
area i~t 
estates 
sugar~ 

cane 
{Thousand 

acres) 

65 
45 
38 
33 
13 
9 

1936: Holland 
Germany .. 
Great Britain 

1939: USA .•••. 

1920-1924 

N 

(Cwt. per acre) 

0.51 
O.o7 

0.60 

Sum 

0.51 
0.07 

0.60 

Phosphate. The majority of Caribbean cane soils have 
low available phosphate contents, they consistently 
fail to respond to ordinary dosages of superphosphate. 
Recently it has been discovered that certain highly acid 
red clays and some marly black clays give spectacular 
response to large dressings (3 to 6 cwt. per acre) of super
phosphate combined with relatively large dressings (4 to 
6 cwt. per acre) of ammonium sulphate. Increments in 
yield of sugarcane of over 50 per cent have thereby been 

1935-1939 

N 

(Cwt. per acre) 

0.58 0.05 0.02 
0.49 
0.73 0.02 0.14 
0.77 0.57 
0.12 0.12 O.ot 
0.43 0.03 0.33 

0.54 0.82 0.80 
0.20 0.26 0.40 
0.08 0.22 0.08 
0.02 0.04 0.02 

Sum 

0.65 
0.49 
0.89 
1.34 
0.25 
0.79 

2.16 
0.86 
0.38 
0.08 

1944-1948 

N 

{Cwt. per acre) 

0.63 0.08 ? 
0.36 0.03 0.13 
0.70 0.12 0.16 
0.40 nil 1.20 
0.18 0.04 0.07 
0.41 0.01 0.25 

Sum 

0.71 
0.52 
0.98 
1.60 
0.29 
0.67 

territories. So far, however, irregular results have been 
obtained where the rainfall is low and erratic, as in 
Antigua. 

Potash. Marked yield increases with medium dosages of 
potash salts on some sandy sugarcane soils in wet areas 
have recently been reported. The e:ffectsoflargedressings, 
said to be successful in the French Islands, have not yet 
been investigated. 

obtained with increased recovery of sugar in the factory. Lime (ground limestone). Has come into general use in 
Field experiments to test this high-level phosphatic most territories. Its value on the peculiar highly acid 
manuring are now being conducted in several of the Frontland soils of British Guiana, except as an assurance 
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against increased acidity caused by the use of ammonium 
sulphate, has yet to be proved. Liming is usually based on 
the laboratory determination of lime requirement which 
has long been accepted by planters as a reliable guide. 

It is evident from the low yields of sugarcane at present 
obtained in the British territories (around27tons per acre), 
as compared with the high yields, for example, in Hawaii 
(over 100 tons per acre, though with a longer growing 
cycle), that there is much scope for further research in the 
sugar industry, in particular, manurial and cultural ex
periments. 

CACAO 

High quality cacao has been grown for over fifty years 
without replanting in Trinidad, Tobago and Grenada. Its 
cultivation is now diminishing throughdebilityanddisease, 
aggravated by unsuitable soils, wind damage, poor soil 
management and soil erosion. Root-room is a prime factor 
in cacao growing. The best soils are deep loamy-sands or 
friable clays with water-tables below 5 ft. They are usual
ly well supplied with organic matter having high carbon
nitrogen ratio. Cacao is grown under leguminous shade 
(Immortelle) in Trinidad and Tobago but not in Grenada. 
There has been much controversy as to whether shade is 
really necessary. The following facts have been established 
by investigations carried out at the College in Trinidad 
since 1930. 

Nitrogen. The presence of shade trees affects funda
mentally the nutrient relationships of cacao, for, with 
shade, the soil acquires additional organic nitrogen from 
the root nodule-inhabiting bacteria. Shaded cacao fails to 
respond to ammonium sulphate in Trinidad for this reason, 
but unshaded cacao responds well in Grenada, and nitro
genous fertilizers are there applied alternately with cattle 
manure. 

Phosphate. Most Caribbean cacao soils are verv defi
cient in available phosphate. Superphosphate ha; given 
spectacular responses in Trinidad on old cacao growing on 
shallow wet alluvial clays. Yields have been doubled in 
some cases, but the initial production was low and only 
about one-tenth of the "ceiling". The results of leaf 
analysis suggest that the phosphate effect may be at
tributed to increased uptake of potash. 

Potash. Potash is the kev to successful cacao culture. It 
is particularly needed by ~haded cacao "as an insurance 
against cloudy weather". Large increments in yield are 
sustained in Trinidad by the use of potassium sulphate 
applied to potash-deficient sandy soils on which cacao 
generally shows leaf-scorch and is susceptible to attack by 
Thrips. 

Lime. Liming has consistently depressed cacao yields 
in Trinidad and Tobago, but burnt lime has given benefi
cial results in Grenada, possibly because it suppresses 
toxic manganese. 

cacao culture and considerable quantities of ammonium 
phosphate and other fertilizers were imported annually. 
With the gradual replacement of derelict cacao by high
yielding clonal cuttings, manurial experiments will doubt
less be reinstated. The College in Trinidad has recently 
acquired an old cacao estate which is being replanted with 
clonal cuttings under a comprehensive research scheme 
which includes elaborate manurial trials -..-.,rith and without 
shade. 

BANANA 

Bananas are grown commercially in the British Carib
bean only in Jamaica, although from 1908 to 1922, they 
were grown in British Honduras (Stann Creek) until des
troyed by disease. Between 1929 and 1932, Jamaica ex
ported bananas at the rate of over 20 million stems a year 
with maximum of 27 million in 1937. The following notes 
refer to Gros Michel banana which was grown in Jamaica 
from 1890 until Panama disease appeared in 1912 and 
Leaf Spot disease in 1936, since when the area under the 
crop has diminished. Only about 6 million stems were 
produced in 1948. Spraying against Leaf Spot has been 
successful in some districts and this, together with the 
substitution of resistant Lacatan for Gras Michel, mav 
revive the industry in future years, not only in Jamaic~, 
but also in British Honduras and Dominica. 

The banana plant imposes a heavy demand on soil 
nutrients because of its rapid growth. Nitrogen and potash 
are especially needed. Normally they are supplied by 
decaying soil organic matter. Before the war, less than 
15 per cent of the area under bananas in Jamaica was 
manured and only then on the largest plantations. Re
cently, as a result of manurial experiments carried out by 
the Agricultural Department, a satisfactory system of 
manuring with imported fertilizers has been evolved. This 
depends on inducing and maintaining early rapid growth 
and quick ratooning which allows close planting and 
consequently gives greater yields per acre. It consists in 
applying 2 oz. doses of sodium nitrate per plant, and is 
prescribed for flat alluvial soils. For hillside calcareous 
shale soils, a mixed NPK fertilizer, applied fractionally at 
the rate of 1 to 2 lb. per plant, is satisfactory. Dry season 
mulching was effective on hilly lands until spraying for 
Leaf Spot, necessitating movingheavy hosepipe over the 
ground, made it impracticable. 

The use of lime in banana growing has special signifi
cance in relation to the spread of Panama disease. This 
root fungus develops rapidly in soils having high acidity 
(pH 5.5) but its spread is restricted in alkaline soils. No 
constancy obtains, however, between the severity of the 
disease and soil reaction, although the most enduring soils 
appear to be those derived from limestone, which suggests 
that nutrient calcium may be important in the aetiology 
of the disease. 

The future of the banana industry in Jamaica depends 
Mulch. Heavy dressings of cut bush and grass greatly mainly on the evolution by selective breeding of varieties 

improve debilitated cacao where the humic surface soil has of banana which combine the desirable commercial charac
been removed by flood-erosion, but the treatment is ex- ters of the Gros Michel with resistance to Panama and 
pensive and is not generally applied. Leaf Spot diseases. Banana breeding was begun in 1928 

The widespread use of fertilizers on cacao in Trinidad and is now carried on jointly by the Jamaica Department 
and Tobago has not yet become an accepted practice. In of Agriculture and the College in Trinidad. vv'hen the 
Grenada, before the War, it formed part of the scheme of devastated plantations and peasants' holdings are again 
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p:anted up with acceptable resistant varieties of banana, 
tl.e need for fertilizers will become increasingly evident. 
Erosion has lowered soil productivity in many areas, so 
tltat fertilizers will later be needed to supply deficiencies. 

COCONUT 

Although this crop ranks fourth in total area, and is 
npresented in practically all the territories, it is scattered 
in small patches mainly on coastal lands. Large coconut 
e~tates are uncommon. The standard of cultivation is low, 
the quality of the products poor, and the yields small. The 
most suitable sites and soils occur behind sea-beaches 
where lagoon water seeps continuously through broad 
s2 nd ridges. A continuous supply of laterally-moving sub
sc·il water seems to be necessary for best growth. \Vhere 
tLis occurs naturally (as in S.W. Trinidad), yields arc high. 
T:1e only attention given in inland coconut estates is 
drainage and the cutlassing of weeds. In Jamaica, coco
nuts have been established on old banana plantations that 
w.~re destroyed by Panama disease. Striking benefits have 
recently been demonstrated by inter-row cultivations in 
sl.ch areas. Formerly they were left to grass and cattle 
w•cre allowed to feed under the coconut trees, with deleteri
ous effects on yield. 

::Vlanuring is not generally practised, but interest is being 
aroused in the commercial use of fertilizers through the 
promising results obtained in some recent experiments in 
Trinidad and Jamaica. The coconut crop responds well to 
nitrogen and potash, so that, prices permitting, the use of 
fertilizers should spread in future years. 

COTTON 

This crop thrives best under a relatively low but well
di2tributed rainfall. It is chiefly grown in St. Vincent, 
Montserrat, Nevis and St. Kitts and on a smaller, but in
creasing, scale in Antigua, and also in Barbados and the 
Grenadines. St. Vincent is a wet island but its soils are 
exceptionally porous. The kind of cotton grown is Sea 
Island, which is a uniform high-quality cotton, developed 
by many years of careful plant breeding. 

The seed is usually sown in the middle of the wet season 
so that the bolls ripen in the dry season when they are 
least likely to be damaged by pests. At sowing time, the 
soil may lack available nitrogen because of heavy leaching 
by rain. If sown in the dry season (as it is in Montserrat 
and St. Kitts), the plants take up excessive amounts of 
nitrogen as nitrate which has accumulated since the 
cessation of the previous rains. Hence they may "bolt", 
especially on heavy soils, that is, they may produce sappy 
or malformed foliage, susceptible to insect pests, and may 
lose many bolls by premature shedding. Consequently 
final yields may be low. 

The production of cotton lint is determined by four 
main ecological factors: (i) the nitrate-producing capacity 
of the soil which in turn depends on its total nitrogen 
co:ttent, its carbon-nitrogen ratio, its reaction (pH value) 
and its micro-organic population; (ii) the intensity and 
distribution of the rainfall; (iii) the capacity of the soil for 
absorbing and draining away the rain and, (iv) the date of 
smving. Other contributoryfactors are: the water-retaining 
ca:)acity of the soil, its available potash and phosphate 
coltents, the degree of insolation (cloudiness), the dura-

HARDY 

tion and intensity of winds and the prevalence of injurious 
insects and fungi. These various circumstances greatly 
affect the response of the cotton plant to manurial treat
ment. 

Nitrogen. Two main kinds of soil occur in the cotton
growing territories, namely, (1) freely-drained fresh vol
canic ash, and (2) impeded-draining clay-pan soil. One
third of the total area belongs to the second category. 
This heavy compact soil generally contains too much 
nitrogen; consequently, cotton sown in the wet season 
tends to bolt. There is therefore no need for nitrogenous 
fertilizers, a conclusion which is supported by experi
mental evidence in Nevis. On the other hand, cotton 
sown in the wet season on free-draining volcanic ash soil 
usually responds to nitrogenous fertilizers because it is 
naturally deficient in nitrogen and leaching removes all 
accumulations of nitrate formed during the preceding dry 
months. Sown in the dry season, however, it may fail to 
respond because of the high nitrate content of the soil. 
These conclusions are supported by experimental results 
obtained in St. Vincent. In one experiment, a significant 
negative correlation was established between yield of 
cotton lint and the total amount of rainfall that fell during 
the three dry-season months preceding September sowing. 
The wetter the dry season, the lower the nitrate content 
and the less the yield. 

Phosphate; Potash. Cotton has responded experimen
tally to phosphatic and to potassic fertilizers in years of 
suitable rainfall when grown on soils showing deficiencies 
in these nutrients by chemical tests. 

The use of fertilizers is not yet a general agricultural 
practice in the cotton-growing islands, except St. Vincent. 

Manurial and cultural experiments on cotton are being 
conducted in St. Vincent and ::\1ontserrat at the Govern
ment Agricultural Experiment Stations and in Antigua at 
the Central Cotton Station. 

CITRUS 

Grapefruit is grown in Trinidad, Jamaica and British 
Honduras; limes in Trinidad, St. Lucia, Dominica and 
Jamaica, and oranges in many of the islands, but nowhere 
on a large scale. Citrus species are "sun-loving" and "lime
loving" although they thrive on acid soils and suffer from 
iron-deficiency chlorosis when grown on soils that are too 
calcareous. They do best on soils 65 per cent saturated by 
lime and pH 5.8 to 6.5. Pronounced dry seasons are 
essential for high production of grapefruit and oranges; 
the "check" induces profuse flowering. Limes need inter
mittently wet dry seasons which promote early flowering 
and setting, since Withertip disease destroys flowers pro
duced during continuous rains. The best root-stock for 
grapefruit and orange is sour orange which resists gum
mosis, and for limes, rough lemon. 

Citrus crops have large nutrient requirements. They 
need appreciable amounts of calcium which improves fruit 
quality. The uptake of calcium and potassium is recip
rocal; too much of the one represses the other. Excessive 
nitrogen produces thick skins and "pithiness" and diminishes 
sweetness. Trace elements (zinc, magnesium, boron, 
iron, copper) have especial significance; their deficiency is 
indicated by characteristic leaf symptoms. The success of 
citrus cultivations, when moisture conditions are favour-
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able, depends on heavy but well-balanced manuring. 
Fertilizers are systematically used in many of the British 
Caribbean citrus estates, though there is need of many 
more precise experiments to determine the best fertilizer 
mixtures for the different soil-types and sites under the 
various climates. 

The production of grapefruit and oranges in Trinidad 
and Dominica will probably be doubled during the next 
five years. In Trinidad, it is at present 500,000 crates, and 
will soon exceed the Jamaica production which is not likely 
to extend. The lime crop is decreasing sharply in Trinidad 
and St. Lucia through Die-back; it is increasing in Jamaica 
and in Dominica where budded trees have replaced diseased 
seedlings that died out after the hurricane of 1916. 

COFFEE 

Arabian coffee is grown to appreciable extent only in 
Jamaica (20,000 acres) mostly at high altitudes. The 
world-famous Blue Mountain coffee is being produced in 
decreasing quantity because of diminishing fertility 
through soil erosion. Lowland coffee is grown by peasants 
over the limestone plateau; its quality is poor. Arabian 
and robusta coffee are grown in Trinidad, interplanted 
with cacao. Liberian coffee is grown in the North-West 
District of British Guiana on peaty soil. Coffee is nowhere 
systematically manured in the British Caribbean; it is not 
really an important crop. 

RICE 

Rice is mainly grown in British Guiana but is being ex
tended in Trinidad. It is cultivated by East Indian 
peasants on swampy coastal flats. No fertilizers are used 
commercially. Old rice lands in British Guiana respond to 
ammonium sulphate and some areas to superphosphate in 
the absence of nitrogen; others to both manures. Critical 
manurial experiments are now being carried out. So far, 
no response has been obtained to potash. It is likely that 
the use of fertilizers on rice lands will increase rapidly in 
future years. 

FOOD CROPS 

These are mainly tended by peasants under a system of 
shifting cultivation, although in certain territories such as 
Barbados they are grown on cane-land estates as "catch
crops". Fertilizers are not used for producing food; if and 
when they are, output will be vastly increased. It is im
possible to estimate accurately the area devoted to food
crops; it is probably around 85,000 acres. There are 
between 10.000 and 20.000 acres under food crops in each 
of the four larger territories. The annual cost of imported 
foodstuffs varies from 3 to 4 dollars a head in the smaller 
islands, up to 8 to 15 dollars a head in the larger territories 
(1938). 

Table IV. Estimated Future Needs of Fertilizers in British Caribbean Agriculture 

(Assuming no increase in present acreage under each crop) 

Crop 

Sugar . 
Cacao . 
Banana 
Coconut 
Cotton. 

Citrus . 
Coffee • 
Rice .• 

Total 

Present 
area 

Thousands 
of 

acres 

266a 
227 
185 
ll9 
23 

20 
31 
60 

931 

Aiumber 
of 

plants 
per 
acre 

2,200 
300 
300 

48 
3,630 

48b 
135C 
? d 

a Includes 56,000 acres of peasants• <'ane-lands. 
b Grapefruit; oranges. 

Ammo-
nium 

sulphate 

4.5 
1.5 
4.5 
1.5 
3.5 

3.0 
2.5 
2.0 
3.1 

Average Annual requirements Dj 
standard standard fertilizers 

Cwt. Thousands tons 

Super- Pot as- Ammo- Super- Potas-
phos- sium n1-um phos- sium 
ph ate sulphate sulphate ph ate sulphate 

3.5 2.0 60 46 27 
4.5 6.0 17 50 68 
3.0 4.5 42 28 42 
3.0 2.5 9 18 15 
2.5 2.5 4 3 3 

2.0 2.0 3 2 2 
2.0 2.5 4 3 4 
2.0 6 6 
3.3 3.4 145 156 161 

Grand Total 462,000 tons 

cLimes. 
d Interplanted with cacao in Trinidad. 

FUTURE OUTLOOK cultural systems involving fertilizers, but the suggested 
In Table IV are set out the ultimate theoretical annual large increases in the use of phosphatic and potassic ferti

requirements of fertilizers in the British Caribbean Region, lizers may not come about until more experience has 
assuming that all the chief export crops are fully treated been gained of their interactions with nitrogenous ferti
at the rates of application given, and that the present lizers when applied in various proportions to our tropical 
acreage under each crop is not changed. These premises crops. As illustration, it can be stated that the estimated 
are obviously unreasonable, but the figures indicate the requirement of ammonium sulphate for the sugar industry 
"saturation point" for each kind of fertilizer. A fourfold of Jamaica for this year (1949) is around l1 ,500 tons which 
increase in the use of ammonium sulphate would perhaps is more than twice the annual consumption in the pre-war 
not be surprising if and when the cultiv<ttion of sugarcane, period. In addition, 830 tons of superphosphate and 1,400 
banana, citrus and rice is further extended under agri- tons of potash fertilizer are needed. 
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Cropping Systems in the Equatorial Forest Region of 

the Belgian Congo1 

F. JURION and J. HENRY 

ABSTRACT 

The authors, after giving a brief history of the evolution of the cropping systems in the equatorial forest region of 
the Belgian Congo, list the main principles brought out by a study of the native cropping system, known as the "Bantu" 
system. 

These principles are: 

I. To provide adequate soil protection, 

2. To take full advantage of the possibilities of the biosphere, 

3. To keep the exploitation of the soil within reasonable bounds and allow it a sufficient fallow period to restore 
fertility. 

Having shown how the so-called "Bantu" system fitted in with these principles, they point out its defects and show 
the methods which have been or should be followed to adapt it to the social, agricultural and economic needs of the 
moment which are: 

Stabilization of the population, 

Increased income for native farmers, 

Improvement in diet, 

Progressive diminution of the surfaces to be set aside for each farmer, 

Lightening of agricultural labour by partial mechanization. 

The authors describe how they have solved the first three problems and how they propose to solve the last two. 

After dealing with the cropping system suitable for plateaux, they draw attention to the desirability of exploiting 
the low-lying alluvial soil of the islands and banks of the rivers and streams, and of the swamplands. 

It would be useless to attempt in a few pages to deal 
with the many aspects of agriculture in an equatorial 
forest region, and to discuss the value of the various 
cropping methods in relation to the productivity of the 
soil and its conservation. We have therefore intentionally 
limited this description to the systems used for annual 
crops. We propose to give a brief history of the question, 
describe the problem as it appeared to the experts, and the 
methods used for its solution, and briefly summarize 
future prospects. 

HISTORICAL SURVEY 

When Central Africa was occupied by the Belgians, the 
natives for the most part inhabited the plateaux, where 
they engaged in a sort of nomadic agriculture or "shifting 
cultivation". This nomadic existence was attributed to 
internecine wars, disease, superstitious beliefs etc., but it 
was not realized that it had been partly determined by 

1 Original text: French. 

agricultural conditions. Hence, as soon as the country had 
been pacified and the epidemic and endemic diseases 
brought under control, one of the first cares of the Euro
pean colonists was to attempt to settle the population and 
lighten the farmer's task by inducing him to reduce the 
area of thick forests he undertook to clear. 

This was the state of affairs when the first technical 
experts arrived in the Colony. As the majority of these 
had been trained as agricultural experts in temperate 
countries, or had acquired their experience in more favour
ed tropical areas, it was natural that they should for a 
time attempt to apply in the Belgian Congo the principles 
of the more highly developed agriculture of temperate 
countries or those in use in other colonies. In addition to 
limiting the initial forest clearances, they tried to bring 
about the abandonment of native methods, and replace 
them by a system under which the main crops were plant
ed in rotation and singly. They also tried to improve this 
new system by the intercalation of so-called improvement 
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crops, such as leguminous plants, and by the use of farm
ing operations such as ploughing. 

As the experts increased in number, it became possible 
to undertake real experiments, keeping a systematic check 
on the value of the new methods adopted. The results 
were the reverse of what had been hoped, and it was found 
that these modifications, which had been considered as 
improvements, all led sooner or later to the impoverish
ment of the soil. Attempts were even made experimen
tally to remedy this state of things by using mineral 
fertilizers but the results were disappointing and often 
negative. The problem of maintaining the fertility of the 
soil under local conditions had therefore to be thought out 
afresh. 

We reconsidered the value, in relation to soil conser
vation, of the traditional systems used by the natives for 
centuries which had permitted an extensive but continu
ous working of the soil. A critical and rational study of 
these empirical methods brought out a few main principles. 
These principles are: 

I. To provide adequate soil protection. In order to pro
duce the maximum amount per surface unit over a given 
period it is necessary to reduce to a minimum the time 
during which the soil is exposed to the destructive ele
ments, sun and rain. Frequent clearances and ploughing 
should be avoided. 

2. To take full advantage of the possibilities of the 
biosphere and the rhizosphere. The exploitation of a single 
zone of the biosphere and the rhizosphere (as in the case of 
a single crop or fallow growth) disturbs the movements of 
water in the soil, concentrates solutions at one level, 
destroys the structure of the soil by reducing its air and 
water content and thus alters its composition. It is thus 
necessary to mix the types of vegetation both in crops and 
fallow growth. 

3. To keep the exploitation of the soil within reasonable 
bounds and allow it a sufficient fallow period to restore 
fertility. 

THE BANTU SYSTE:Vl 

The so-called "Bantu" native cropping system, the 
result of centuries of experience, fulfils these requirements. 
In this method, after the forest has been cleared and the 
vegetation burned, the ground is not ploughed, but the 
native plants and sows almost simultaneously a mixture 
of banana, maize, rice and manioc. Each of these plants, 
which has a different growth cycle, provides in turn a 
covering for the soil. Further, as the plants have different 
types of roots, they each use a different level of soil. This 
means that the mass of nutritive elements, suddenly re
leased by cutting down the trees, burning and temporary 
clearance of the soil, is used to the maximum. Losses due 
to percolation are reduced. For these reasons harvests 
from mixed crops are better than those from the same 
species planted singly in succession. 

Under this system weeding is undertaken on a very 
small scale and only during the first year. As soon as the 
manioc is lifted (after one year) the forest scrub starts to 
grow up under cover of the banana trees which produce a 
crop in the second year. The lot is then allowed to lie 
fallow. It naturally begins to revert to the "parasol" 

forest with different strata of vegetation feeding on differ
ent levels of the soil. After the land has lain fallow for ten 
to fifteen years, the lot may be used again for cultivation. 

IMPROVEMENT OF THE BANTU SYSTEM 

The Bantu method is the only one which has really 
stood the test. It is and will remain the basis of any 
cropping system adapted to the ecological conditions of 
the equatorial forest zone of the Belgian Congo. 

Its strict application, however, no longer answers to the 
social, agricultural and economic needs of the present day. 
Hence it is being adjusted to meet these requirements, 
which are as follows: 

Stabilization of the population in order to facilitate 
education, the fight against disease, the improvement of 
living conditions, the organization of co-operatives, the 
control of crops etc.; 

Increased income for farmers by including crops suit
able for export, in the rotation; 

Improvement in diet by the introduction of crops or 
stock-breeding, to correct the deficiencies in the usual 
type of diet ; 

Progressive diminution of the surfaces to be set aside 
for each farmer by reduction of the fallow period, or by 
increasing the cropping period; 

Lightening of agricultural labour by partial mechani
zation of certain types of work. 

In other words, without upsetting the native customs, 
the efficiency of the Bantu system is to be improved, while 
its value for the conservation of soil fertility will be safe
guarded. 

We shall expand these points briefly, showing the im
provements already brought about and the methods adopt
ed to find others. 

The stabilization of the population is ensured by gather
ing the farmers together in villages and having the culti
vated areas near by. For the division of cultivated land, 
after a series of experiments, the "strip" system has been 
adopted. The land reserved for one family "sensu lata" is 
divided into strips 100 metres wide, running if possible in 
an east-west direction (for purposes of sun exposure). The 
strips under cultivation are bordered on each side by 
strips of virgin forest. Each farmer receives a portion of 
the strip under cultivation, which may or may not have 
been cleared. In many cases the heavy work (clearing, 
burning) is done on a communal basis. The actual work of 
cultivation (from sowing onwards) is always carried out by 
individuals who retain the entire yield of the harvest. 

This system, in addition to its other advantages, is con
ducive to rapid reafforestation, for the speed of reaffore
station chiefly depends on the ratio between the surface 
to be afforested and the volume and proximity of seed 
suppliers. The narrower the area to be reafforested, the 
sooner the fallow land will be matured. 

To ensure increased income for the farmers and an im
provement in their diet, it has been necessary to prolong 
and modify the original rotation of crops to meet the 
demands of the new types of plants introduced and the 
possibilities of the soil. We give two typical crop rotations 
as an example. 
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ht year, 1st season 
2nd season 

2r:d year, lst season 
2nd season 

3rd year, lst season 

4th year, 
5thvcarand 

following 

Y angambi rotation 
Banana 
Rice 
Maize 

I . 
\ mrxed 

Manioc 
Leguminous fodder 

plants grown as 
single 

Hard fibre 
Natural 

Bambesa rotation 
Rice and maize 

mixed 
Ground-nuts 
Cotton 
Manioc and Ba

nanas mixed 

It should be noted that in both cases the rotation ends 
with a crop, or combination of crops, which provides a 
favourable starting-point for rapid reafforestation. 

This is the stage of development now reached by the 
Rmtu system in the Congo. The methods evolved by the 
LV.E.A.C. are now being applied on a large scale amongst 
tl e natives at several points in the equatorial forest zone. 

EXPERIME~TS NOW I~ PROGRESS 

There is, however, still much to be done to make the 
meet the needs listed above. \Ve describe below 

our prospects for the future and the methods which we 
arc following or intend to follow to reach maximum effi
ci•:ncy and profitability. 

Its present stage of development involves heavy forest 
clearance work each year and the use of large areas. There 
are three possible remedies for this state of things: 

Reduction of the fallow period. 
Improvement of effectiveness of crop rotation. 
Mechanization of certain work. 

The fallow period under the "parasol" forest is only the 
more or less rapid completion of a natural process com
bining during a period of time a very varied and complex 
mixture of plants, ranging from a grassy of grami
naceous plants through the stage of creepers and sub
frutescent plants, to the shrub and tree strata. 

Is it necessary to pass through all the stages of this 
natural evolution? In the natural association of plants, 
which are those which restore the fertility of the soil to the 
highest degree? Would it not be possible by mixing these 
plants to eliminate some stages of the cycle and reach the 
final stages direct? Is there no useful plant which could be 
grown at the end of the rotation and would give the same 
advantages? 

These are the questions to which the experiments now 
in progress will provide the answer. It may be hoped that 
in the near future we shall have at our disposal means to 
spc;ed up the evolution of the natural fallow period or to 
compose artificial crop combinations which will have the 
same effect. 

JURION AND HENRY 

cynodon plectostachyon, brachyaria brycanta, seem capable 
of doing so. If our early observations are confirmed, the 
use of graminaceous fodder crops in the rotation would 
further have the advantage of facilitating the introduction 
of cattle breeding amongst the natives, an activity which 
has hitherto appeared impossible in the forests. The use of 
mineral fertilizers during the cropping or fallow period is 
another possibility, the study of which has not been ne
glected, but in view of the primitive state of the native 
farmers and the prevailing economic conditions, its general 
use would not be practicable for some time. 

A last desirable improvement in the system is the 
mechanization of certain work. Mechanization of agri
culture seems hopeless in a region where 30 per cent of the 
arable surface is covered with termites' nests, where the 
ecological conditions render necessary a fallow period 
under forest, and where the use of animal traction is still 
impossible owing to the lack of pasture and the existence 
of sleeping sickness. Further, as we have seen, the system 
adopted has eliminated ploughing and reduced weeding 
to the minimum. Nevertheless, certain work which takes 
up a good deal of the farmer's time and therefore reduces 
his productive capacity could be mechanized. We refer to 
work such as forest clearance, harvesting, transport and 
preparation. The necessary material is being designed. 
It may be hoped that by the time the financial position 
of the native communities allows them to purchase such 
material, the problem vv-ill have been solved. 

Thus we conclude our review of the cropping '""0 "''rn" 
suitable for the poor soil of the plateaux, the only lands at 
present cultivated by the native farmers. 

It remains, however, to draw attention to a new 
method which is being studied to increase agricultural 
production in the equatorial forest zone. 

It is useful for what follows to emphasize the continental 
character of the climate of the Congo equatorial forest. 
Paradoxical as it may seem, the agricultural conditions of 
the tablelands are xerophytic in character. 

Thornthwaite's index-~-calculated for the Yangambi 

region (latitude 0.45 N. longitude 24.29 E.-altitude 450 
metres) would only give a value of 100, showing that from 
the ombrophilic point of view, the climate of the central 
Congo Basin may be placed in Thornthwaite's second 
climatic class. Further, the effectiveness of the 1,500 to 
2,000 mm. of annual rainfall is reduced by the regularity of 
its distribution and by the very porous nature of the soil 
on the plateaux. Yet it is only the soil of these plateaux 
that is cultivated by the natives. Contrary to what is 
observed in other parts of the world, the low alluvial land, 
rich in exchangeable bases and in water, lying along the 
rivers and on the deltas or swamp lands, is not cultivated. 

POSSIBILITIES OF THE LOW-LYING ALLUVIAL LANDS 

We have already seen that the crop rotation of the ori
ginal Bantu system had been modified to meet the needs 
of native farming at its stage of social, agricultural, 
and economic development. Further progress in this 
direction would be possible if we could introduce, into the The reasons which have caused the natives to neglect 
rotation, crops which would temporarily restore the quali- this land are unknown. It is thought that they avoided 
ti£s of the soil. l\ 0 leguminous crop, food-producing or them for reasons of security, health or for lack of species 
otherwise, has yet been discovered which will achieve this adapted to these special environments. 
purpose on our plateaux. On the other hand, certain The following table illustrates the possibilities of these 
graminaceous fodder crops, such as panicum maximum, low-lying lands: 
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Yields Per Hectare Observed in 1948 

On the islands 
in the 

Congo River 
kg. 

Paddy-dry grains unhusked . 3,590 
Soya-dry bean . . • • . . • 2, 794 
Groundnuts-dried kernels • • 2,525 
Cor chorus olitorius f {1,084 
Corchorus capsularis) dry fibres 1,040 
Urena lobata t 1, 348 

On the 
plateaux 

2,633 kg. 
625 kg. 

1,100 kg. 
negligible 
negligible 
negligible 

Now that tropical medicine makes it possible to cope 
with all the dangers to health which might arise from 
cultivation in such regions, our Institute, on the basis of 
the first results achieved, has resolutely embarked on a 
study of the exploitation of these lands. In addition to 
the work of the agricultural export who will have to 
elaborate the cropping systems most suitable to the differ
ent conditions, it will be necessary to determine the forms 
of plant life which adapt themselves to these conditions 
and thus make the best use of them. 
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Improving Soil Productivity in South-eastern Asia and the Indies 

R. L. PENDLETON 

ABSTRACT 

By December 1941 western-trained agricultural scientists had made great progress in this region in increasing the 
effective use of land, particularly for the plantation crops: sugarcane, rubber, coffee and tea. Also many interesting 
results had been obtained in the attempts to apply to peasant crops, particularly to rice, the principles and to utilize the 
experience and fertilizers employed in north temperate regions. Many attempts overlooked local peasant knowledge 
and highly developed local empirical methods. Now with radical changes in Governments, with the disappearance of 
many commercial entities formerly interested in application of western science to production of food crops, and the 
inability of the peasants to obtain and use imported fertilizers and other exotic means in food crop production, it is 
pertinent to understand something of what the peasants have accomplished in soil improvement through empirical 
means, especially in producing their main food crop, rice. These practices should serve as the point of departure for 
newly oriented studies on fertilization and soil management. 

INTRODUCTION terms of producing enough food for himself and his family 
Because of the very wide range of climatic conditions, for the year, providing seed for the coming year and some

kinds of soils, and appropriate crops which can be pro- thing for the neighbourhood temple, paying the landlord 
duced, and because of enormous differences in the density, his rent in kind if he is a tenant, and the remainder of his 
customs and food habits of the peoples, only a few of the crop to the local merchant against his debts. Purchasing 
interesting and significant methods of improving crop commercial fertilizers would increase the peasant's bond
production and modifying soil structure in this great age to his merchant, likely to a degree more than offsetting 
region can be briefly described-generalizations would be the increased crop-nevertheless, more and more terti
quite misleading. There is not space to mention the great lizers are gradually being used. On the other hand, in
number and diversity of the efforts of occidentals to im- digenous methods of improving soil producti·vity are 
prove plantation crop production of Hevea rubber, sugar- effective, do not involve money expenditure, and should 
cane, coffee, tea, and oil and coconut palms by means of be encouraged. (Figures 1, 2, 4, 6, 7, 8, 10, 11, 12). Since 
cover crops, composts and commercial fertilizers. Asia as a whole has far more labour than land suitable for 

Particularly in south-eastern Asia the peasant thinks in cropping, utilization of such local resources is desirable. 
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LOWLAND RICE A UNIQUE CROP 

In this region, lowland "irrigated" rice, "swamp rice" 
or padi (paddy) is the most important food crop-not only 
because it is the most sought after food but also because it 
is unique in that when the seedlings are transplanted into 
levelled puddled soil, (Figures 3, 4, 6, 7, 8) and the soil 
surface kept slightly covered by water throughout the 
growth of the crop, it will produce at least a reasonable 
amount of food from virtually the poorest soil, whether 
that soil is very acid, neutral, or saline. 1 The same soil 
may be cropped year after year without fertilizing. How
ever, the flood or irrigation water does bring in some silt; 
this may contribute plant nutrients. Though it is not 
essential to puddle the soil or to transplant the rice seed
lings, or to hand-weed the fields, elimination of weed 
competition insures a much better crop. 

The small levelled field into which the seedlings are 
transplanted is often spoken of as a padi (paddy field) 
(Figures 3, 7). Each field is surrounded by a dyke (bund) 

Photo by Robert L. Pendleton 
Figure l. Dredging mud from a deep pond. This mud will be 
applied as a top dressing about the fruit trees visible on mounds of 
earth on the far shore of the pond. North-east of Hangchow, about 

100 km. south-west of Shanghai, China. 1931 

about 30 em. high and wide; these dykes hold not only the 
water but sediment which comes in with the water; thus 
padi cultivation is the best possible way to prevent ero
sion. Relatively little lowland padi is irrigated from large 
irrigation systems; many more of the padis are kept sub
merged by direct rainfall and local flow and seepage down 
surrounding slopes. Since padi does best in well-puddled 
soil, the usual problems of maintaining a friable, crumbly 
soil do not arise. The most productive padi soils are recent 
river delta alluvia of the Pearl, Red, Meklong, Manam 
Chao Phya, Salween, Irrawaddy, and Brahmaputra. 

While it is true that padi will continue to produce at 
least some food on practically the least fertile soils, this 
crop does respond, as the peasants well know, to appro
priate fertilizers and amendments. In many cases the 
reasons for the increases are not known; nevertheless it 
seems useful to record some native practices which have 
been observed. 

1 By contrast upland rice, also known as "hill rice" or "dry rice", 
requires relatively much more fertile soil and a better distributed 
rainfall, as do maize and the small grains. 
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Photo by Robert L. Pendleton 
Figure 2. The peasant at the right is scattering sifted compost 
onto the rice seed-bed; about 200 kg. will be applied to this 2 by 12 
metre seed-bed. The other peasant is cutting off the sods of seed
lings about 2 em. below the surface of the seed-bed. East of Lim
chow, about 300 km. west-south-west of Canton, South China. 

1932 

Disposal of straw 

Where but one crop of padi is grown on the land annual
ly, the stubble and straw which have not been eaten by 
the cattle are burned toward the end of the dry season. 
This is particularly important in "floating rice" areas 
where the straw may be 3 or 4 metres long. Burning 
facilitates preparation of the land for the next crop. In 
south China two crops of padi are grown during the year; 
in some valleys the straw from the first crop is twisted into 
small hanks and pushed into the mud between the trans
planted seedlings of the second crop (Figures 6, 7). In 
other valleys the straw is burned, the ashes being spread 
in the fields. 

Photo by Robert L. Pendleton 
Figure 3. Transplanting padi seedlings, taking great care that the 
compost is not lost from about the base of the young plants. Hence 
the unusual method of handling the sods on racks which are slid 
about in shallow wooden tubs on the puddled mud. East of Lim
chow, about 300 km. west-south-west of Canton, South China. 

1932 
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Photo by R obe1·t L Pendleton 
Figure 4. Freshly transplanted bunches of rice seedlings, each with some compost about t he b ase, st anding in the puddled mud of the 
padi. Two crops of padi a re grown each year, and both are limed. East of Limchow, ab out 300 km. west-south-west o f Canton, 

South China. 1932 

Fertilizing 
In some valleys of south China quicklime is spread over 

the padis after transplanting, probably for the calcium it 
supplies (Figures 5, 8). In southern Thailand, farmers 
apply phosphatic bat guano on very acid soil padis. 
Marked increases in yield result, for phosphorus is general
ly the limiting plant nutrient. In Thailand, preliminary 
experiments applying bonemeal show significant increases 
in the yield of padi, the residual effects continuing at least 
four or five years. 

In western India during the dry season padi seed-beds 
are covered with a layer of dry leaves and other fuel. 
Burning this leaves a coating of ashes on the bed. Early 
in the rains soaked seed-padi is spread thickly over the 
surface. Experiments thus far carried out on the appli
cation of commercial fertilizers to padi seed-beds do indi
cate a ranker growth of the seedlings but seldom give 
significant increases in quantity or quality of the final 
yield of the transplanted padi. 

On unusually infertile padi soils near Limchow, South 
China, cultivators use a unique method of fertilizing padi. 
Using a pond-mud base , a rich compost is made of animal 
manure, rice hulls, night-soil and other organic materials. 
Care is taken to protect the compost from both sunshine 
and rain. 2 On the morning that the padi seedlings are to 
be transplanted, about 3 em. of this compost is scattered 
over the rice seed-bed (Figure 2). Sods of the seedlings 
are carefully transported to the puddled padi so as not to 

2 Peasants have been seen mixing quicklime with the compost, 
unconsciously libera ting and losing much ammonia-nitrogen, 
contrary to King 's belief tha t through empirical methods the 
Chinese peasant h as discovered the best ways of maintaining 
fertility. 

disturb the compost. In transplanting (Figure 3), a small 
bunch of the seedlings, with some of the compost about 
their base, is placed as a unit in the mud of the padi 
(Figure 4}. The compost about each bunch helps it off to a 
good start in that very infertile soil. 

In Malaya numerous experiments were made upon the 
fertilization of padi. In general there seemed to be a " bar" 
to high yields from the application of commercial ferti
lizers-the law of diminishing returns appeared soon and 
clearly! Since many varieties of rice are photo-periodic, 
and Malaya is near the equator, it is likely that one of the 
factors involved is length of day. In general, the farther 
from the equator, the higher the yields of padi which are 
obtained. 

Green manuring of padis with Astragalus is common in 
Japan. And I have seen Sesbania being ploughed under in 
padis in Formosa, but no instance can be recalled of seeing 
planted green manures being used by peasants on padis in 
south-eastern Asia. However, experiments with beneficial 
results have been reported. 

SOIL MANAGEME NT AND FERTILIZATION PRACTICES 

Modified padi soils for upland crops 
The following examples of soil management and ferti

lization practices suggest that generalizations by Occi
dentals about soil management practices and fertilization 
might well be misleading. An objective approach to the 
subject is imperative in the new environment. Note that 
these methods of soil management commence with p adi or 
other poorly drained soil; dyking, ridging and draining 
adapts it for the " upland" crops. 

In Thailand the bes t pomelos grow upon low, wet, 
brackish clays near the seacoast. The land is dyked, then 
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Photo by Robert L. Pendleton 
Figure 5. Coolies rest from their work of carrying quicklime a two 
days ' journey over t he hills. This lime will be slaked and spread on 
padis. In this region 150 km. south-west of Canton, South China, 
t ·•10 crops of padi are raised a nnually, and both are limed. 1932 

the soil is thrown into rounded ridges perhaps 5 metres 
wide and 1 metre high. Between are "V"-shaped ditches 
in which muddy river-water rises and falls with the tide, 
for the automatic gates leak somewhat . This fluctuation 
of level is important, helping to aerate the shallow super
ficial root-zone of the broad ridges. The water also brings 
in some fertilizing silt ; annually the ditches are cleaned, 
the mud being put about the tress. The principal fertilizer 
i> a double handful of sea salt scattered about each tree 
annually. 

In the Bangkok plain thousands of acres of low flat padi 
clay have been ridged for growing truck, banana and 
sugarcane. The broad low ridges of big chunks of clay 
S(·em to be about the most unfavourable possible for vege
tables. Nevertheless, frequent watering, judicious use of 
grass mulches, and fertilizing with weed-seed-free duck 

Photo by Robert L. Pendleton 
Figure 6. Treading rice straw of the first crop into the mud be
tween t he recently transplanted second crop of padi for the year. 
T!tis field had already been limed. No s traw is applied to t he padi 
dtring the first cr op of t he year. Soil a bluish -gray clay loam. 
Nnrth-west of Shuikwan, 200 km. north of Canton, South China . 

1932 
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Photo by Robert L. P endleton 
Figure 7. Treading rice straw into the puddled soil between the 
padi plants . Two crops of padi per year, and both are limed. 
Farmers stated that straw in the soil makes it soft for the following 
year. North-east of Shuikwan , 200 km. north of Canton, South 

China . 1932 

manure produce excellent crops. A decoction of oilcake is 
applied to the beds to eliminate earthworms which other
wise cause serious damage to certain crops. Doubtless the 
oilcake also contributes plant nutrients. Padi transplanted 
into the drainage ditches utilizes nutrients leached from 
the beds. 

Also close to Bangkok are vast areas of small fruit 
gardens on similarly ridged-up clay . These are adapted 
from a Chinese method of culture (Figure 1). Tidal fluctu
ations are considered essential for vigorous tree growth, 
both because of the silt brought in and the aerating effects 
of changing water-levels. Since the root zone is super
ficial and shallow, cultivation to control weeds is im
possible; shade of fruit trees and palms reinforced by 
leguminous shade trees prevents weed growth. 

Upland soils 
Under heavy rainfall in south-eastern Asia, well-drained 

upland soils are usually quite infertile if cropped annually, 

Photo by R obert L. Pendleton 
Figure 8. Women m1xmg into the puddled soil about the r ice 
plants sla ked lime from burnt sea sh ells. N imshan, on Bias Bay, 
a bout 150 km. east-south-east of Ca nton, South China . 1932 
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Photo by Robert L. Pendleton 
Figure 9. A farmer's pigpen-compost pit. The parapet wall and 
latrine are of mud with straw; the pit below ground is lined with 
brick. Cf. Figure 10 for interior view. Tinghsien, Hopei Province, 

175 km. south-west of Peiping, North China. 1933 

in spite of the luxuriant virgin forest vegetation which had 
stood on them. By contrast relatively very limited bodies 
of juvenile fertile soils developed from recent volcanic ash 
deposits occur in the Philippines and the Netherlands 
East Indies. 

Mature or senile upland soils in humid low latitudes are 
best suited to tree crops. To grow annual crops the natives 
kaingin the forest: i.e., cut it during the dry season and 
burn the slash; then after the commencement of the 
summer rains, seeds or cuttings are dibbled into the un
stirred soil. After one or two crops, yields decline rapidly; 
weeds become serious and tree stumps sprout. The kaingin 
is abandoned, another plot of forest is kaingined and the 
·cycle repeated-a process sometimes incorrectly referred 
to as "shifting cultivation". Actually, the forest is the 
cover crop in a long rotation, for after perhaps ten to 
fifteen years, when weeds have been choked out by the 
forest, the soil structure improved, and there is much 
woody growth to give a good dressing of ash, the same 
land is again kaingined. 

"Burned" soil as fertilizer 

In Thailand the limited areas of friable red clays have 
long been used for the production of black pepper. Though 
having an excellent physical structure, these very acid 
soils contain inadequate amounts of plant nutrients. For 
fertilizer the pepper gardeners "burn" soil: a platform of 
fuel perhaps 30 em. thick and 2 to 8 metres long is made of 
grass, sticks and logs. On this is heaped as much air-dry, 
finely granular clay as possible (Figure 12). The fuel is 
ignited and smoulders for weeks. Occasionally the 
"burned" soil is raked away allowing more air to get to the 
fuel. The ashes are mixed with the earth, increasing the 
amount of nutrients and reducing the acidity of the soil. 
Mixed with cattle dung, this earth is placed in holes dug 
near the pepper vines. The pepper gardeners cannot lon
ger compete with pepper grown in Sumatran forests on 
fertile volcanic soils. They now use their "red loams" for 
Hevea rubber and fruit trees. The latter do especially well 
when mulched with organic refuse. 

Occidentals pioneering in rubber, coffee and tea plant
ing on upland soils discovered too late that clean culture, 
orchard-like types of maintenance of the soil in their 
plantations encouraged disastrous soil erosion. The solu
tion has been to restore some sort of simulated forest con
ditions and to employ selective pruning of the cover. 
Under forest conditions tree crops do better, while soil 
fertility does not decline seriously. 

In Malaya ammonium sulphate and rock phosphate 
proved better for Hevea rubber. On those highly reactive 
ferruginous soils rock phosphate moved down physically 
perhaps 25 em. through the friable clay, whereas more 
reactive forms of phosphorus became fixed with the first 
3 cm.-an important consideration under forest conditions 
where the soil cannot be stirred to get fertilizers into the 
root zone. 

Specialized compost pit in China 

The Chinese have found that many more people can be 
fed on their too few arable acres by direct consumption of 
plant products, than by feeding animals and eating the 
meat. Mules, cattle and buffaloes are used mainly for 
power; hogs and chickens convert farm and household 
wastes into useful products. In north China a specialized 
type of compost pit is used. Its essential feature is that it 
is a hog-pen (Figure 9). The bottom of the pit, several 
square metres in area, is some metres below the level of the 
ground (Figure 10). The bottom of the pit is covered with 
field earth. From the bottom of the pit a stairway for the 
hog leads up to a small platform. The whole is surrounded 
by a low walL All household and farmstead wastes are 
thrown into this pit. The latrine, located nearby, also 
discharges directly into the pit. The pig works over these 
materials, eating what it cares for, trampling and com
pacting the rest firmly, and with his excreta keeps the 

Photo by Robert L. Pendleton 
Figure 10. Interior of the farmstead pigpen-compost pit. Compost 
partly fills the brick-lined pit. Note the steep stairs at the right for 
the pig; at the left the sluice from the household latrine. Compost 
may accumulate to ground level before removing to the fields. 
Cf. Figure 9 for a general view. Tinghsien, Hopei Province, 

175 km. south-west of Peiping, North China. 1933 
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mass moist. As the year passes the surface of the mass of 
CJmpost gradually rises until in the spring the pit is clean
el out, the compost being spread on fields to be planted. 
h Formosa the J apanese at the sugarcane experiment 
s1 ation were utilizing this principle on a greatly enlarged 
scale for making compost. Numbers of hogs were kept in a 
h!rge concreted pit protected from the weather by a broad 
roof. Sugarcane trash was the chief ingredient of the 
cum post; the sanitary aspects were above reproach. 

Culture of coconuts 

Coconuts thrive best in sandy soils near the sea, but the 
p(~asant says that these palms must grow within the sound 
of the sea or of the human voice. In terms of plant 
nutrients: if the palms are within the sound of the sea, 
e-.·en on poor soil, they are within range of salty spray; and 
a·t effective fertilizer for cocos on infertile upland clay 
soils is sea salt. If the palms are on poor soils far from the 
st a, they will not bear nuts unless planted close about 
h·)uses or livestock corrals (within sound of the human 
V•>ice !) where there is a concentration of plant nutrients 
from the animal wastes. 

T echnical assistance to peasants 

Government experiment stations of most countries inSouth
e<tst Asia conducted many fertilizer, green manuring and 
soil management experiments, especially on subsistence 
crops, but relatively few of their findings found acceptance 
b:-· the peasants. Improved strains of plants and better 
methods of disease and pest control could be adopted with 
le,;s capital investment . 

Private associations of S1t{,i ,:,rcane growers and millers, 
e~pecially in Java, conducted annually many thousands 
of fertilizer plot tests upon optimum fertilizer utilization 
by sugarcane. In general, sugarcane growing on lowland 
sc·ils gives profitable returns only from nitrogen, while on 

P hoto by Robert L Pendleton 
Fi;:ure 11. Red granular clay for " burning" b eing thrown onto a 
thtck bed of grass fuel. The dry grass in this young orchard h ad 
be;on hoed off from the uncultivated soil; the fruit trees were 
planted in pits and mulched h eavily. 15 km. west of Chantabun, 

south-eastern Thailand. 1937 

upland soils, notably those with small iron concretions, 
acditions of phosphorus are also significant. In Formosa 
the Japanese sugar mills compelled their peasant cane 
growers to use certain amounts of fertilizers upon their 
cane, for the price of the fertilizers to be used was deducted 

PENDLETON 

Photo by Robert L Pendleton 
Figure 12. A h eap of granular red clay ready to b e "burned" in a 
p epper garden : pepper vine leaves the principal fu el. In the back
ground pepper vines, p erhaps twenty years old, supported on 
hardwood poles . Areca palms a t the right. 15 km. west of Cl!anta-

buri, south-eas tern Thailand. 1937 

from the payments to the peasants for the cane delivered 
at the sugar mill. Private associations of tobacco, tea, 
and H evea rubber estates also studied soil management 
and fertilizer needs for the benefit of their members. 

Among the fertilizer m anufacturers, Imperial Chemical 
Industries led in field plot experiments in China and other 
countries . Thousands of tons of ammonium sulphate were 
used by market gardeners near the port cities, while 
peasant padi and sugarcane growers were commencing to 
use considerable quantities . The Chinese set great store by 
"brands" and in this case "brands" of ammonium sulphate 
were distinguished by colour as manufactured or dyed. 

CONCLUSION 

In conclusion, the peasants of south-eastern Asia, parti
cularly those of Chinese origin or ancestry, have developed 
excellent empirical methods of managing soils, conserving 
fertility where possible, and getting plant and animal 
residues back into the soil. They obtain more food conti
nuously from poor soils by growing lowland rice than any 
other crop. China supports a much greater human popu
lation upon vegetable products than by feeding animals 
and eating the meat. Animals are used for power and for 
special conversions of wastes to composts. Governmental 
agricultural research has been more upon the subsistence 
crops, while private agricultural research for the planta
tion crops (rubber, sugarcane, tea, coffee and tobacco) 
has shown better ways of managing the soil and fertilizing 
the crops. Most soils could produce more with fertilizers. 
Peasants are learning to use fertilizers, but problems of 
financing their purchase have not yet been solved. 
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Increasing the Productivity of the SoiP 
ALFREDO PAPI GIL 

ABSTRACT 

The productivity of the soil may be raised not only by increasing the addition of nutritive substances to the land 
but also by reducing its loss of them. Before treating a piece of land with costly manures and fertilizers, the losses 
which it is observed to suffer should be reduced to a minimum. For that purpose it is necessary, by ploughing and with 
the exclusive use of organic manures, to form a deep layer of porous and absorbent earth which will retain water and 
nutritive substances and promote the life of the soil bacteria and earthworm (Lumbricus terrestris). 

Among the nutritive substances added to the soil, due attention must be paid to those provided without any cost 
by the innumerable tiny creatures living in the soil and subsoil. ·Chemical manures and toxic substances kill and paralyse 
these precious assistants of men and finally impoverish the soil; they make cultivation more costly and, it appears, cause 
many of the commonest diseases of plants and animals and also of human beings, who derive their sustenance from 
the land and therefore depend on the health of its physical and biochemical composition. 

Like any other balance maintained by additions and 
losses, the productivity of the soil may be increased in 
three ways; by increasing the addition of nutritive sub
stances, the way usually adopted by most fanners and 
technicians; by reducing the losses of such substances, a 
method which still needs to be improved; and by simul
taneously increasing additions and reducing losses, a 
method which represents the ideal in obtaining truly 
complete and rational results in increasing soil producti
vity, but unfortunately at present very little applied. 

The ordinary losses of nutritive substances from the 
soil are caused vmore or less as follows: 

(a) Consumption by cultivated plants and weeds re
moved from the soil; 

(b) Soil erosion; 

I Original text: Spanish. 

(c) Infiltration with water into the subsoil; 
(d) Evaporations into the atmosphere. 
As will be seen from this classification, only the losses 

described under (a) have a productive counterp<trt. The 
losses due to erosion, infiltration and evaporation men
tioned under (b), (c) and (d) are real, serious and quite un
compensated losses of nutritive substances. 

Before the soil is treated with costly fertilizers liable to 
complete loss by erosion, infiltration and, to a lesser ex
tent, evaporation, these losses must be minimized and, if 
possible, totally eliminated. To act otherwise would be 
like continuously pouring water into a receptable with 
large holes in all its sides so as to keep it full. In such a 
case reason suggests that the most expedient and eco
nomical thing to do is first to stop up the holes and then to 
fill the receptacle with water; but unfortunately the pre
vailing general principle, even in countries with advanced 
agricultural industries, is (as was said at the beginning) to 
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balance losses by additions only in the form of costly 
manures and fertilizers, without excessive concern first to 
eliminate or reduce the losses of nutritive substances 
usually sustained by all soils which have not been given 
preventive treatment. 

Taking the losses of nutritive substances in the order of 
the above classification, one may say that the chief 
methods of minimizing losses under (a), namely, con
sumption by weeds and cultivated plants, is to refrain 
from burning weeds or parts of cultivated plants remain
ing in the ground after the harvest, so as to a void the loss of 
nutritive organic substances through combustion. The 
best and wisest thing to do is to bury such grasses or parts 
of plants by early ploughing and subsequent harrowing. 
In tropical climates such repeated tilling of the soil is 
especially useful, as it helps to reduce soil capillarity and 
excessive evaporation. As the constant purpose is to 
minimize losses of nutritive organic materials from the soil, 
it is advisable to remove only those parts of cultivated 
plants which are strictly of use and to plough in every
thing that remains. From the utilizable part, which con
stitutes the enormous amount of organic substances 
removed from the land during the harvest, steps should be 
taken to recover the organic residues provided by the 
agricultural industries of the farm, together with dung and 
all human and animal waste, and waste from kitchens and 
cottages on the farm-all deriving, in the last resort, from 
the same vegetable products. For this purpose there are 
today very modern systems for the conservation and 
fermentation of organic residues on farms. The use of 
these systems and installations should be rapidly spread 
over all countries of the world so that they may make 
their urgently needed contribution towards the complete 
and economic utilization of the waste now lost or used 
badly, and also towards the necessary increase in agri
cultural production. 

The remedy for loss of nutritive substances through 
erosion, filtration and evaporation is to apply the agri
cultural technique advised for each of these cases. It 
should, however, be pointed out that a general method of 
dealing with these three different forms of dispersion of 
fertilizing substances is to create and conserve a deep and 
homogeneous layer of porous and absorbent soil, which 
will limit simultaneously the erosion, filtration and eva
poration of nutritive substances and of the water which is 
indispensable to the plants. This latter property would be 
particularly valuable in tropical climates, where the rain
fall is very sparse and irregularly distributed and eva
poration is much greater. To produce such a layer of 
porous and absorbent soil, the necessary physical con
ditions must be created by thorough and deep tilling; and 
organic manure and waste, especially vegetable, should be 
employed exclusively to secure a good physical consti
tution of the soil and create the biochemical environment 
indispensable to plant life. Organic manures and residues 
must be applied intensively, sometimes by extraordinary 
methods, as for example the special cultivation of legumes 
for use as green manures; and the land must be treated 
with extra dung, vegetable and animal wastes etc., 
even purchased outside the farm, and where necessary 
with appropriate correctives, to re-establish the required 
physical and biochemical constitution of the soil. 

GIL 

In discussing losses of nutritive materials from the soil 
and the means of minimizing them, we have just seen that 
various types of nutritive materials are added to the soil, 
as for example when weeds and parts of cultivated plants 
are ploughed in and when industrial, human and animal 
residues produced on the farm and in exceptional circum
stances brought in from outside are properly restored to 
the soil. It is obvious, however, that all these ordinary 
additions to a piece of land are insufficient to counter
balance the normal losses of nutritive materials from it. 
The fact is that the great quantities of products which are 
taken from the farm to be sold and used in towns and in
dustries at horne or abroad involve the removal of enor
mous amounts of nutritive material, which are not usually 
made good by the nutritive material supplied for return to 
the soil by the farm itself. In addition, account must be 
taken of the separate losses of alimentary substances 
which are always observed to take place by erosion, fil
tration and evaporation even from the best-prepared soils. 

From all this it would appear reasonable to infer that in 
order to establish the normal balance of fertility on a farm, 
the enormous quantities of nutritive elements which leave 
the farm or are lost should be counterbalanced by an 
equal quantity of nutritive elements introduced into the 
same farm as manures and fertilizers. This assumption, 
however, is mistaken, as it fails to take into account the 
various invisible agents which inhabit the soil in enormous 
numbers and incessantly transform the chemical elements, 
which are unassirnilable by plants and found in practically 
unlimited quantities in the soil and in the air, into sub
stances which plants can assimilate perfectly. Such agents 
also help enormously to improve the physical conditions of 
the soil by making it more porous and aerating it through 
the innumerable dirnunutive channels which they construct 
for their vital needs and movements. These precious 
assistants of man in enriching the soil are the bacterial 
flora and certain grubs, especially the earthworm or 
LumbrictJS terrestris. 

Since the time of Aristotle, profound and interesting 
studies of these assistants have been made, but the 
modern agriculturalist and technician do not yet attach 
sufficient importance to these bacteria and grubs. Not 
only is their powerful influence neglected in present-day 
plans for fertilizing the soil, but with a general recklessness 
based on an unnatural and superficial science we proceed 
to destroy them with chemical manures and other toxic 
substances, including the well-known sulphate of am
monia which the United States Department of Agri
culture itself, in its Bulletin No. 1677, issued in 1931, 
recommends as a remedy against earthworms on golf 
courses. 

The general belief that chemical manures are indispensa
ble to the nutritional balance of the soil on a farm appears, 
in the light of what has been said above, to be completely 
false and harmful. Only by the use of organic materials, 
and where necessary of correctives such as lime, gypsum, 
road-dust etc., is it possible to secure the nutritional 
balance of the soil in a more rational and economical way, 
utilizing and increasing to the utmost the precious free 
assistance of bacteria and earthworms, which can onlv 
develop fully in an organic environment free of chernic~l 
and toxic substances. 
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The fertilization and natural conservation of the soil 
appear to have considerable effects on the health and life 
not only of the plants themselves but also of animals and 
man, who in the last analysis live on the plants and the 
agricultural land. The spread and increased incidence to
day of many diseases of man, animals and plants appear to 
be due to chemical manures and the unnatural ideas about 
them which prevail 2• Some interesting studies are being 
made along these lines, but it is urgently necessary to 
arouse the attention of all students, technicians and men 
of science throughout the world, in order that this vital 
aspect of soil fertilization may be completely and rapidly 
investigated. 

2 Are we starving our grandchildren? St. Edward's University, 
Austin, Texas (U.S.A.). 

Summary of Discussion 
Sir William 0GG introduced his paper on "Improving 

Soil Productivity: Temperate Climates". The carrying 
out of soil survevs was one of the most tasks and 
the necessary fo;ndation for any progress the work of 
improving soil productivity; countries well advanced in 
soil survey work should share their knowledge with coun
tries less experienced in that field. The F AO could assist 
in this work. 

Sir William gave a brief summary of the various means 
of improving soil productivity, laying particular emphasis 
on draining and irrigation and the need for regional 
schemes and Government subsidies to encourage private 
initiative. With respect to soil cultivation, encouraging 
results had been obtained in the United Kingdom during 
the war by means of a hire system under which tractors 
and implements were made available to farmers either by 
private contractors or under Government auspices. \Vith 
regard to of farming, he emphasized the need for 
surveys, particularly in under-developed countries, to 
determine the systems most suitable to the soil, the cli
mate and other local conditions. He stressed the impor
tance of liming and pointed out that surveys conducted in 
that field had shown that in the United Kingdom a reason
able quantity of lime could do more to increase soil yield 
than any other single operation. He drew attention to the 
use that could be made of organic and inorganic fertilizers, 
adding that soil productivity in the United Kingdom 
could be increased by twenty per cent by a judicious use 
of fertilizers. 

In conclusion, he stressed the remarkable results that 
could be obtained by means of surveys of the various 
methods of improving soil productivity in the under
developed countries. The more advanced countries should 
provide technical assistance and the necessary advice to 
the under-developed areas. 

Mr. S. T. JENSEN introduced his paper on "Calcium 
Adsorption and Lime Loss from Leaching in Soils". Two 
basic conclusions could be drawn from surveys which had 
been made on liming: it contributed greatly vto increasing 
soil productivity, and it required repetition at regular 
intervals owing to loss from leaching. 

While concluding, then, that the problem of the produc
tivity of the soil is of transcendent importance for human 
life, we admit that it is a complex problem which has 
not so far satisfactorily solved by technicians and 
men ot who have followed paths which lead us ever 
farther away from the wholesome and irreplaceable forces 
of nature and in some ways even oppose us to them. The 
unnatural way of feeding plants should be replaced by an 
integrated and truly scientific system of using the organic 
substances produced on the farms, in the form both of the 
plants living in the soil and of the residues obtained from 
persons, animals and industries on the farms themselves 
and in urban centres. These are the main lines along 
which our present methods of increasing the productivity 
of our soil must be reformed. 

Liming had long been practised in Denmark, which had 
abundant supplies of the necessary raw material and had 
therefore acquired considerable experience in that field, a 
summary of which would be found in his paper. 

The following fundamentally important facts based on 
experience were described in the paper: 

l. The maximum pH value obtainable by the addition 
of lime was approximately 8; 

2. The pH value in each group was very nearly a linear 
function of the degree of base saturation; 

3. Beyond a certain limit, lime loss from leaching was 
directly related to the amount of lime in the soil. 
When the base saturation point had reached, the 
annual loss of calcium carbonate was about 1,000 kg. per 
hectare. 

The conclusion to be drawn was that in many cases it 
was neither necessary nor desirable to keep soils close to 
lime saturation. The application of large quantities of 
marl or limestone in order to reclaim the soil for many 
years in the future was not advisable, as a large part of the 
lime applied would be lost each year by leaching. It was 
better to apply small quantities of lime every third or 
fourth year. 

The CHAIRMAN announced that he himself would in
troduce the paper submitted by Mr. Bruin on the "Possi
bilities of Improving the Fertility of the Soil in the 
Xetherlands by More Rational Application of Lime, In
organic and Organic Manures and by Improvement of Its 
Texture''. 

The paper showed that although the Netherlands used 
a greater quantity of fertilizer per hectare than any other 
country in the world, there was room for further progress. 
The author described the results which could be obtained 
through a more judicious use of nitrogenous fertilizers, 
phosphates, potash, lime and other fertilizers; the soil 
productivity of the arable area in the Netherlands could 
be increased in this way by 20 per the yield of grass
land by 20 per cent through heavier phosphate and potash 
dressings, coupled with better drainage and parcelling, 
and by 40 per cent through greater supplies of nitrogenous 
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krtilizers. Improvement can also be expected from in
t< nsification of application of organic manures. 

The Chairman informed the meeting that Sir William 
C•gg would introduce the paper submitted by Mr. Crow
ther on the subject of "Field Experiments as the Basis for 
P:.anning Fertilizer Practice". 

Sir William 0GG gave a brief review of ::VIr. Crowther's 
p tper and pointed out that the author stressed the need 
fc•r an extensive series of field experiments in a variety of 
n·gions to detennine the general principles for the use of 
krtilizers and the type and amount of fertilizer required 
in relation to the condition of the soil and other local 
C<>nditions. It was not correct to assume that the fertilizer 
rr.ethods practised by farmers at present were necessarily 
the best adapted to local conditions, for very often the 
choice of fertilizers was governed less by soil requirements 
than external economic factors. Mr. Crowther described 
the steps taken in the United Kingdom during the war 
to distribute the available stocks of fertilizers in the best 
ir:terests of food production and, for that purpose, to 
determine what types of fertilizer would be most efficient 
for the various crops and the different types of soil. 

The author concluded with a description of the various 
methods used to measure fertilizer response as accurately 
as possible. 

The CHAIRMAN called on Mr. Archibald to introduce his 
p;tper dealing with "Cropping Systems as an Aid to 
Sustained Production". 

::VIr. ARCHIBALD gave a brief summary of his paper and 
pointed out that agriculture in Canada afforded a number 
of examples of different types of cropping systems. De
scribing the advantages and disadvantages of those 
systems, he laid particular emphasis on the beneficial 
eflects of grass and leguminous hay, and the danger of 
cash cropping of plants such as the potato, a practice 
which led to the depletion of the natural structure of the 
soil. He referred also to the importance of soil liming in 
the livestock-producing regions of the Atlantic coast. 

The CHAIRMAN opened discussion on the various papers 
introduced. 

Mr. RATINEAU observed that in northern France, an 
agricultural area characterized by diverse physical con
ditions, it had been found that the maximum soil yield 
was obtained when the soil was close to chemical neutrali
ty. In light soils, oat and potato yields were highest when 
tbe pH was slightly below chemical neutrality, whereas 
alialfa, wheat, barley and beet gave the best yield when 
U,e pH was above chemical neutrality. 

The problem in that area was one of maintaining soil 
fertility rather than soil conservation. A single crop 
rNation had been the general rule for a very long time, 
bnt the development of mechanical equipment and the 
improvement of transport had made two crop rotations 
possible. One affected the soil around the land under 
c11ltivation; it was an intensive crop rotation and the 
normal procedure was to have two or three hoed plants 
(r otato, sugar beet) over a period of five years, soil fertility 
lwing maintained by organic fertilizers. The second crop 
rctation affected the land further away from the cultivated 

SUMMARY OF DISCUSSION 

area; grains were the principal crop and soil fertility was 
maintained by the use of leguminous hay supplied by 
artificial grasslands, the latter being an important factor 
in crop rotation. Generally speaking, the trend was more 
towards the use of the more alkaline fertilizers such as 
sodium nitrate rather than ammonium sulphate. 

Referring to Sir William Ogg's paper, Mr. BRAY ob
served that a survey on the use of fertilizers had recently 
been completed in the state of Illinois. The survey had 
been conducted by various soil analysis laboratories in 
Illinois and covered an area which amounted to approxi
mately 4 per cent of the area of the state. The results had 
disclosed a deficiency of phosphate and potash content in 
many places and had led to the conclusion that for a 
maximum yield to be obtained, the land in Illinois must 
be given 1,070,000 tons of phosphate and potash fertilizer 
a year. In actual practice, some 417,000 tons of fertilizer 
were being used every year. Even that figure represented 
a considerable progress over earlier periods, which would 
not have been possible without the benefit of the soil 
analyses surveys conducted in the area. 

Mr. SAUCEDO CARILLO pointed out that the surveys 
carried out in Mexico had demonstrated the importance 
of the chemical nature of the soil in determining crop 
productivity and yield. 

Mr. S. T. jENSEN referred to the use of liquid manure, 
the importance of which Sir William Ogg had mentioned 
in his paper. The use of that type of organic fertilizer gave 
excellent results in Denmark. Out of approximately 
230,000 tons of pure nitrogen used in that country for 
fertilizing purposes, l 60,000 tons consisted of animal 
manure and a large part of this was in the form of liquid 
manure. The use of liquid manure had proved to be profit
able even when it was hauled and applied by animal and 
hand labour. It was considered that if the methods for 
collecting and preserving liquid and solid manure could be 
improved, Denmark might be in a position to stop all 
imports of nitrogenous fertilizer. 

::VIr. 0RPEN expressed interest in that section of Sir 
William Ogg's paper which dealt with trace elements. 
The question had not yet been studied in the Union of 
South Africa, and he wished to know where he could 
obtain information regarding the surveys conducted in 
other countries. 

Mr. KEUOGG stated that within the next month or so 
the F AO was going to publish a report which described 
various experiments made with regard to the use of 
fertilizers. 

Miss LEITCH drew Mr. Orpen's attention to the publi
cations of the Commonwealth Agricultural Bureau, and 
particularly to those of the Commonwealth Bureau of Soil 
Science. 

Mr. CI,AY agreed with Sir William Ogg that it would be 
very useful for under-developed countries to establish 
contact with specialists in more advanced countries who 
could help them in their research into the best means of 
improving the productivity of their soil. As an example of 
the co-operation in that field, he mentioned the assistance 
the British colonies received from the Rothamsted Experi
ment Station. 
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He proceeded to draw attention to the recent publi
cation by Mr. Crowther and Mr. Stewart on research into 
methods of conducting fertilizer trials in the British colo
nies. The authors laid particular emphasis on the value of 
very simple observation experiments, which required only 
a small staff and could be used subsequently in the compi
lation of statistical data. Mr. Clay pointed out that it 
might be dangerous to recommend the use of artificial 
fertilizers too strongly, since the uneducated farmers in 
those areas might rely too extensively on the chemical 
products they obtained and not enough on farming 
methods. 

Mr. Clay was of the opinion that maintaining soil struc
ture was no less important than improving soil productivi
ty through the use of fertilizers. Grass was a major factor 
in maintaining soil structure. He was glad to learn that 
the use of grass was recognized in Canada. 

Mr. AuLL had noted' with great interest the wealth of 
information contained in the paper introduced by Mr. 
Crowther. 

The CHAIRMAN asked Mr. Gabbard to present Mr. R. D. 
Lewis's paper, "The Influence of Cropping Systems on 
Sustained Production, Soil Management and Conser
vation". 

Mr. GABBARD presented Mr. Lewis's regrets that he was 
unable to attend the Conference and gave a brief resume 
of his paper. 

Mr. Lewis stated that the cropping system is an im
portant factor in determining the trend in the productivity 
of a soil. Under one cropping system a soil may decline 
rapidly in productivity. Under another it may be raised 
and sustained at a higher level. 

The paper listed eight soil deteriorating processes. By 
recognizing and understanding these negative processes 
man could set up soil and crop management systems to 
minimize or counterbalance them. Further, soil deterio
rating processes were not contained within the soil itself, 
but came primarily from soil-crop interrelations. In part 
the paper read, "The kind of crop, its frequency, the ac
companying cultural practices and soil treatments, to
gether with special controls against losses of water and 
soil, determine whether or not the growing of that crop 
has a net positive effect on the productive ability of the 
soil. Furthermore, on cultivated land, the actual pattern 
of the cropping system determines whether such land is 
being further exploited or is being rebuilt for further 
production." 

Mr. Lewis's paper presented a method for measuring the 
effects of existing and contemplated cropping systems on 
the productivity of the soil. He referred to this method of 
analysis as the "soil productivity index" and the "soil 
productivity balance". This provided an excellent basis 
for the soil scientist and the agricultural economist to co
operate in determining the relationship of the soil producti
vity balance on farms in a given area to acre yields and 
mcome. 

A number of illustrations of the effects of cropping 
systems on productivity were cited; among them, a heavy 
clay soil whose productivity as measured by corn yields 
was lowered from 50 bushels to 18.1 bushels per acre 

and raised to 68.3 bushels after six to eight years under 
different cropping systems. 

The CHAIRMAN asked Mr. Mukherjee to present his 
paper on "Improving Soil Productivity: Tropical Cli
mates". 

Mr. MuKHERJEE drew attention to a certain number of 
points of basic importance. He showed first that in esti
mating soil productivity account should be taken not only 
of crop yield but also of the length of the period from 
sowing to maturity. 

He then emphasized the great importance of selecting 
the cropping system which was best adapted to the speci
fic type of soil and the climatic conditions and which was 
not likely to cause deterioration in the soil structure. 

It was not always correct to say that leaching was 
greater in tropical regions than elsewhere. Irrigation was 
necessary in arid tropical areas and even in regions with 
high precipitation, since rainfall in the latter areas was not 
always regular. The rice crop especially required a great 
deal of water throughout its period of growth. Irrigation 
was essential in India because there was very little rainfall 
in the winter at the time when many important crops 
were sown. 

Quite a number of manurial experiments had been made 
in India, but until recently they had not been made in 
conjunction with soil research, which explained the in
adequate results obtained. 

With regard to the use of fertilizers, he pointed out that 
the people of India had long been using green manure and 
farm manure. Similarly, the use of nitrate of potash, of 
which there were natural deposits in the country, was 
known. But very small quantities of fertilizers were being 
used compared to actual requirements. 

The CHAIRMAN asked Mr. Hamid to present Mr. Siddi
qui's paper on improving soil productivity in tropical 
climates by the use of lime, organic and inorganic ferti
lizers, compost, crop residues and on means of improving 
soil structure. 

Mr. HAMID summarized the various sections of Mr. 
Siddiqui's paper. He gave a brief description of the 
physical characteristics of the different natural regions of 
Pakistan: North West Frontier Province, \Vest Punjab, 
Sind and Baluchistan. In Western Pakistan, the soil was 
generally alkaline in reaction and deficient in organic 
matter and nitrogen, while in Eastern Pakistan, the soil 
was acidic in reaction and deficient in lime, phosphorus 
and humus. 

He then spoke of the various crops grown in Pakistan 
and mentioned some of the yields obtained under pre
vailing conditions. His remarks dealt principally with 
wheat, sugarcane, cotton, rice, millet, tea, tobacco and jute. 

In connexion with the problem of improving soil pro
ductivity, he stated that hitherto there had been no scien
tific soil survey nor any uniform system in the use of 
fertilizers. It had been found that the soil reacted favour
ably to farm fertilizers, compost and ammonium sulphate 
and phosphate and that lime was used to advantage in the 
acidic regions of Western Pakistan and in Eastern 
Pakistan. 
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Mr. F. HARDY introduced his paper on "Fertilizers in 
British Caribbean Agriculture". 

He gave an analysis of agricultural conditions and the 
possibilities of improving soil productivity and crop yields 
in the various territories. 

British Guiana is the largest of those territories. Its 
population is concentrated in the alluvial coastal area 
where sugarcane is the principal crop. The interior, an 
extremely humid region composed of metamorphic rocks, 
is almost uninhabited, but it was hoped that cacao might 
soon be cultivated there. At present, fertilizer in the form 
of ammonium sulphate is being used only for sugarcane 
production, but experiments have shown that the use of 
phosphates might aid in increasing crop yields further. 

In Trinidad, where the soils are mostly derived from 
Tertiary sediments, the principal crops are sugarcane and 
cacao. The chief fertilizer used is ammonium sulphate. 

British Honduras is a forest region; crops are rather 
limited and confined mainly to sugarcane and citrus fruits. 

Jamaica has an area of 11,500 sq. km. It has a complex 
mixture of soils and its structure is similar to that of 
Puerto Rico. The use of fertilizer in Jamaica is practically 
limited to sugarcane. Great progress could be made, 
however, if it were extended to the cultivation of bananas, 
citrus fruits and coconuts. Soil erosion is very serious, and 
soil conservation measures are as necessary as the use of 
fertilizers. 

The small volcanic islands are far apart and have en
tirely different physical characteristics despite superficial 
resemblances. 

Generally speaking, the use of fertilizers in the British 
Caribbean Region at present is very inadequate. The 
application of phosphates would probably result in a sub
stantial increase in crop yields. 

The CHAIRMAN asked Mr. Kellogg to introduce the 
paper by Mr. Juri on and Mr. Henry on "Cropping systems 
in the equatorial forest region of the Belgian Congo". 

Mr. KELLOGG explained that the underlying idea of the 
paper was that thP nomadic system of agriculture, which 
was usually considered harmful, could, if corrected and 
improved, yield good results. 

The authors gave special attention to the so-called 
Bantu native cropping system. Having pointed out its in
adequacies, they indicated the methods followed or to be 
followed in order to adapt it to modern social, agricultural 
and economic needs and particularly to reduce the fallow 
period substantially. 

After dealing with cropping systfms suitable for the 
plateaux, they drew attention to the advantage to be 
gained from cultivating the low-lying alluvial land of the 
islands and river banks, the deltas and swamp lands. 

The CHAIRMAN referred to another paper which remained 
to be discussed, Mr. Pendleton's paper on "Improving 
Soil Productivity in Southeastern Asia and the Indies". 
He also drew attention to the paper on "Increasing the 
Productivity of the Soil" by Mr. A. Papi Gil of Nicaragua. 
This paper had been received too late to be reproduced. 
He opened discussion on improving soil productivity in 
tropical climates. 

269 

SUMMARY OF DISCUSSION 

Mr. GUILLAUME pointed out that the problem of ferti
lizing tropical lands had been thoroughly discussed at the 
1947 Conference of Yangambi. The conclusions reached 
could be summarized as follows: 

The productivity of many tropical soils was determined 
much more by their physical condition than by their total 
content of nutrient chemicals. 

The poorest lands were generally those with poor struc
ture resulting primarily from too low a content of organic 
matter. Because they had a low capacity for base ex
change and high powers of phosphate fixation they reacted 
poorly to fertilizers. 

The study of tropical soils revealed that the colloidal 
complex-the seat of exchange phenomena-was not the 
only factor governing plant nutrition. Thanks to the 
chemical combinations into which they could enter (organic 
complexes, etc.), certain elements escaped lixiviation or 
final fixation. Despite high acidity and the presence of 
relatively highly reactive iron and aluminium compounds 
-factors largely responsible for the breaking-down of 
phosphates-plants succeeded in drawing the necessary 
elements from the soil. 

As a result, two conclusions could be drawn: 
(1) Before the use of chemical fertilizers was contem

plated, the clay-humus compound should be restored to 
the soil by the use of organic manures or soil ameliorators. 

(2) Certain mineral fertilizers which were either inac
tive or scarcely active in temperate countries, might be 
effective in a tropical environment, for example, finely 
ground phosphates and finely ground silicates. 

In extensive native cropping, the removal of fertilizing 
substances by exporting crops was a negligible factor in 
the exhaustion of the soil when compared with the losses 
resulting from subsurface leaching or erosion. Mineral 
fertilizers were inoperative so long as the soil was not 
protected by a suitable cropping system. 

Experiments had been made with mineral fertilizers in 
French Equatorial Africa. \Vhen applied sensibly they 
had yielded satisfactory results. For example, 30 to 40 kg. 
of ammonium sulphate per hectare of rice-field had in
creased the rice crop yield by 40 per cent. The yield of 
grounclnut and oil-palm had also been considerably im
proved by the use of phosphate fertilizers. 

It was clear, therefore, that chemical fertilizers were 
effective in tropical soils provided they were used judi
ciously: for that reason, any propaganda campaign with 
that objective must be conducted with great care. 

The importance of selecting cropping systems in those 
regions should not, however, be overlooked. While it was 
relatively easy, as Mr. Clay had stated, to convert the 
native farmer to the use of chemical fertilizers by demon
strating their effectiveness, it was just as difficult to 
make him see the advantage of changing the traditional 
cropping system to which he had become accustomed. 

The use of fertilizers in the tropics also gave rise to an 
economic problem. It had to be sufficiently profitable, 
which was not always the case owing to the high cost of 
transporting those heavy materials. The Governments 
concerned should take the necessary steps to make 
mineral fertilizers more easily available to farmers by 
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giving them preferential rates or by other means, and to 
promote credit co-operatives which would supply the 
funds needed to purchase them. 

Mr. CLAY explained that in Nigeria, too, difficulties of 
communication influenced the use of fertilizers to a con
siderable extent. In the regions where the only means of 
transport was by man or by donkey, it was hardly likely 
that the native farmer could be spurred to increase pro
duction of a crop by the use of artificial fertilizers in nor
mal amounts which he found it so difficult to move to his 
home. 

When, however, the system of communications was 
better organized, the use of mineral fertilizers would be
come feasible and profitable. In Nigeria, the groundnut 
crop could be substantially improved by the localized 
placement of single superphosphates, when applied at the 
rate of 50 lb. per acre. 

In the past two years, experiments had been made with 
superphosphate pills which could be used even by the 
most backward farmers. The danger of using treble super
phosphate was that it harmed the plant if spread too near 
the seed. The operation became very simple, however, 
when it was merely a matter of depositing a tablet at the 
desired distance from the foot of the plant. 

That method was quite successful, the more so in that 
the results were quite spectacular to the layman, who 
rather tended to regard the agricultural expert as a kind 
of doctor administering pills. 

In view of the results, a proposal had been made to set 
up a travelling group of specialists under a competent 
director, to travel around the country for five years giving 
field demonstrations at various places. It would mean an 
outlay of about a thousand tons of phosphate each year, 
but it was anticipated that by the end of five years the 
annual sale might reach 16,000 tons. 

That method could not, however, be applied every
where. In many tropical regions, the only crops cultivated 
were subsistence crops, for the sole purpose of feeding the 
farmer and his family. In other words, the farmer was too 
poor to buy mineral fertilizers; besides, owing to the lack 
of means of transport, an increased production was of no 
benefit to him. 

In conclusion, Mr. Clay stated for the past twenty years, 
two centres in Uganda had been experimenting with a 
new cropping system for alternating grass with commercial 
crops every three years. In that way, cotton and ground
nut production had been greatly improved without re
course to additional fertilizers. 

Mr. AMBROISE stressed the importance of using farm 
manure and compost in underdeveloped tropical coun
tries. 

It was a demonstrable fact that vegetation which grew 
near a farmhouse was generally more abundant and of 
better yield than that which grew in the open field. The 
reason was that this area profited by the fertilizing sub
stances found in household residues and waste. 

That waste material could be used sensibly if the far
mers were taught to prepare a good compost which they 
could use for the improvement of all their crops. They 
also had to be taught not to waste the useful substances 

contained in weeds; the burning of weeds deprived them 
of fertilizers which could be judiciously used. 

Another problem which had to be solved in conjunction 
with that of educating the farmer was the problem of 
perfecting farm implements; that could only be done by 
means of material aid from a private or governmental 
organization. 

The CHAIRMAN noted that Mr. Pendleton's paper con
tained very interesting details on certain empirical 
methods for the preparation and the use of organic ferti
lizer in Japan and China. 

Mr. KELLOGG realized the importance of organic ferti
lizer for tropical soil, but he was opposed to what he 
termed the mystical quality of compost. 

Thanks to centuries of experimentation, that method 
had the advantage of being well adapted in most cases to 
the soil on which it was used. Furthermore, its prepa
ration did not entail great expense and it was the only 
form of fertilizer available to the peasant farmer of the 
interior zones far from ports. 

The use of mineral fertilizer, however, should not be 
entirely discarded for those reasons. The efficacy of com
post lay in a balance of nutritious elements in proportion 
to the mineral composition of the crops in a given area. 
That balance could be determined and probably re
produced scientifically by means of chemical fertilizer 
after numerous analyses, thorough study and repeated 
experimentation. It was not a mystery which science could 
not solve. The same could be said of certain additional 
functions of organic matter, such as the protection of the 
soil and the retention of moisture. 

All those questions should be studied objectively from 
the agricultural and economic point of view. Such a study 
could serve as a basis for practical application when 
transport had been sufficiently organized in areas where 
conditions were at present unfavourable. 

Mr. Kellogg recognized the value of the solution ad
vocated by Mr. Clay of using grass to improve the soil, but 
he did not consider that it was of universal application. 
It could not be used in certain areas where agriculture
forest rotation could not be abandoned. 

Mr. GUILLAUME observed that the Bantu system dis
cussed in the paper by Mr. Jurion and Mr. Henry was in 
principle an agriculture-forest rotation as opposed to the 
usual rotation of agriculture and grazing. 

From the technical point of view the system was per
fectly adapted to the areas where it was practised, but 
from the economic aspect it could only be a make-shift, 
a step towards more modern methods. It was not practic
able for an area where the population was very dense, 
since only one-quarter or one-fifth of the cultivated area 
could be planted. Moreover, it meant that the population 
had to be supplied with meat from outside the area, and it 
had the added disadvantage of being costly because of the 
expense of clearing the land. Finally, the mixing of crops 
made it difficult to transport and market the harvest. 

In his opinion, the best solution would be to plant single 
crops in certain areas which would thus be agriculturally 
stabilized while the high land suitable for forests would not 
be used by the farmer but consecrated solely to forestry. 
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IMPROVING SOIL PRODUCTIVITY 

Mr. VrAUD described the results of using green manure 
it El Salvador, where many experiments have been carried 
(•Ut, especially on corn, the harvest of which has been 
increased from 20 to 30 per cent. The proper time to in
corporate the green manure to the soil has not been 
definitely determined. 

The application of mulch on a coffee plantation gave an 
i:tcrease of 46 per cent in the yield of coffee when the 
mulch was applied during the dry sea.son and an increase 
of 10 per cent when applied during the rainy season. 

It is a custom in El Salvador to burn the grass and weeds 
from the land each year before planting. Farmers report 
that they have better yields when they burn. Experi
nents have shown that there is a temporary nitrogen 
deficiency in corn where carbonaceous organic matter has 
teen turned under and no nitrogen added, but the final 
yield of corn is greater where the organic matter was 
Ltrned under. The burning does harm the physical pro
perties of the soil while the addition of organic materials 
gives great improvement. 

Before opening the general discussion, the CHAIR:\IAN 
made a few remarks on fertilization in Indonesia, where 
experiments had been made with all the methods which 
had been advocated during the meeting. A vast biblio
graphy existed on all crops except cotton. He himself was 
the author of a work which summarized some 2,300 docu
ments containing very useful data. He recommended that 
this book should be translated into English so that time 
would not be wasted in demonstrating afresh what had 
long been known elsewhere. 

Mr. BuiE was interested in the comparison Mr. Hardy 
h~td made from the geological point of view between the 
British Caribbean region and Puerto Rico. Those regions 
htd indeed certain characteristics in common, especially 
the danger of erosion which threatened Puerto Rico as it 
(hd Jamaica and the Virgin Islands. Considerable progress 
had been made in Puerto Rico in the last few years in the 
field of soil conservation, and a group of experts, composed 
of six Americans and thirty Puerto Ricans, were helping 
the farmers to take the necessary conservation measures. 

The results of the research and the progress made were 
at the disposal of any countries that wished to study them. 

The CHAIRMAN, describing the system of shifting culti
vation, stated that according to the Belgian experts that 
method could sustain a sufficiently high level of production 
provided it was controlled. That was only possible if the 
population was small. As the density of the population 
increased, control became very difficult and the fertility 
of the soil diminished. It was especially difficult to control 
that type of cultivation in dry climates. 

In his opinion, the future of agriculture could only be 
aosured by the grazing of livestock, which produced the 
manure necessary to maintain the fertility of the soil. 

Mr. KELLOGG stated that those who advocated the 
system of shifting cultivation did not attempt to claim 
tl at it was the best method of agriculture or that it was 
pl·rmanent, It was a temporary method which could be 
m ed in regions where the population was not very dense. 
It must be remembered that such populations were very 
bHckward and that it was hardly possible to teach them 
modern scientific methods from one day to the next. 

SUMMARY OF DISCUSSION 

The method of using alluvium was certainly effective 
but there too it must be borne in mind that there were 
entire regions the soil of which was not alluviaL Further
more the cost of fertilizer was too high for it to be used in 
large quantities in central Africa. 

The methods recommended must not only take those 
considerations into account but must also be acceptable to 
the native chiefs and councils, whose co-operation was 
essential. 

Mr. S. T. jENSEN believed that it had been demonstrated 
that in order to maintain and increase the productivity 
of the soil, whether in temperate or tropical climates, it 
was essential to make use of liming, and farmyard, green 
or chemical fertilizer and to practise crop rotation, ac
cording to the nature of the soiL That was a well-knO'wn 
although much neglected fact and it was to be hoped that 
those methods would be used by all countries in the near 
future. 

Mr. CLAY considered that a covering of grass was of 
primary importance for the maintenance of soil structure. 
During his visit to the Belgian Congo in 1948 he had been 
struck by the fact that green manuring with legumes was 
no longer used to maintain the fertility of the soil. In his 
opinion, a covering of grass was the best method of pre
serving the fertility of the soil in those regions. 

He thought that the Bantu system, which consisted of a 
rotation of four years of agriculture with eight years 
fallow forest land, could be improved by the addition of a 
grass course, so that the cropping period could be longer in 
relation to the forest-fallow period. It would probably be 
said that that method was harmful to the conservation of 
forests, but, as every one knew, the temperate regions also 
had formerly been overgrown with forests, which had had 
to be cut down in order to increase agricultural production 
and raise the standard of living. In Rhodesia, under the 
native chitemene system loppings from 10 acres of forest 
were carried in and burned to fertilize one acre of culti
vation. There was no future in a system of that kind. 

In conclusion Mr. Clay urged that the inclusion of grass 
in the crop rotation should be used wherever possible, to 
maintain the fertility of the soil. 

::VIr. KELLOGG observed that in Yangambi plantations of 
rubber and oleaginous plants had a cover crop not to im
prove soil structure but to prevent excessive granulation, 
which produced overpermeability. 

Mr. CARABANO emphasized that in view of the urgency 
of the problem of maintaining and improving the fertility 
of the soil throughout the world, measures should be 
undertaken and facilities accorded to scientists so that 
they could exchange their knowledge and co-ordinate 
their research to avoid overlapping. In particular, the 
FAO should be asked to publish a special bulletin on the 
studies and experiments undertaken in that field and to 
establish within the organization a soil conservation ser
vice which would be responsible for follo·wing the develop
ment of the situation throughout the world. 

The CHAIRxiAN stated that there were already numerous 
institutions which collected information and in addition a 
great many publications which kept scientists up to date 
with progress in the different countries. 
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Mr. GUILLAUME, referring to the Bantu system, recom
mended another method for the forest-covered equa
torial regions with a small population: those areas could 
be set apart for the cultivation of tree crops, which would 
have the advantage of preserving the fertility of the soil, 
while the nourishment of the population could be ensured 
by the development of the lowlands into rice plantations. 
That, in his opinion, would be an excellent subsitute for 
the Bantu system. 

The CHAIRMAN declared that the discussion had esta
blished that there were tremendous possibilities for in
creasing production in tropical countries through the use 
of the various methods advocated. It had been seen, 
among other things, that tropical soil reacted to fertili
zation to the same degree as the soil in temperate climates. 
It remained to put those methods into effect; that would 
be a long and exacting task. 
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UNSCCUR PROCEEDINGS: LAND RESOURCES 

Development and Maintenance of Superior Genetic Stocks 

0. H. FRANKEL 1 

ABSTRACT 

I. Plant breeding has enormously increased the world's resources by an effort and expenditure for research and 
for introduction into industry infinitesimal in relation to the benefits. 

2. It aims at optimal adaptation of the plant to the environment-ecological, economic, social; any change (climate, 
fertility, management, parasites, techniques, utilization, tastes) demands adjustment of heredity. There can be no 
efficient land utilization without efficient plant breeding. 

3. Collection, survey and cons.ervation of the world's gene resources are essential for providing breeding material 
for ourselves and further generations. The FAO plant catalogue should be supported, expedited and developed. 

4. Breeding for resistance to factors limiting yield is usually more profitable than breeding for increased production 
proper; it is easier (fewer genes, easier to observe and to test) and, with a view to resource utilization, more economical. 

5. Progress is facilitated by studies of inheritance, selection, the nature of characters-calling for co-operation of 
geneticists, physiologists, biochemists, pathologists, statisticians. Genetic research has yielded heterosis and back
cross methods. 

6. Application of induced mutation is probably limited. Chromosome doubling is promising in some cross-fertilized 
and asexually propagated plants. 

7. Potentialities of species crosses-without and with chromosome doubling-are yet to be exploited. Resistance 
characters have been transferred. "Species construction" requires long range effort, is of uncertain outcome but of 
ultimate promise. 

8. Varietal purity can be exaggerated, it may be harmful. In crossfertilized plants "synthetic varieties" are superior 
to pure stocks. Administrative and commercial considerations should be harmonized with those of production. 

9. International co-operation is needed for assembling and maintaining plant collections, harnessing natural 
selection, organizing and exploiting long-range projects, exchanging material, information and personnel. 

10. Breeding of crops so far relatively neglected (especially forest trees and tropical crops), and in new or scientifi
cally under-developed countries, promises a great contribution to the world's resources. Considering the world-wide 
shortage of trained and experienced workers, this suggests a measure of re-deployment of scientific resources. 

THE COST-BENEFIT RATIO 

The increase in the world's resources of primary pro
ducts which scientific plant breeding has brought about in 
scarcely more than a man's span of life cannot even ap
proximately be estimated. It has raised the output of one 
crop or another in every part of the globe. There are in
stances of spectacular yield increases which have affected 
the food habits and improved the living standards of 
more than one continent. Hybrid maize, now almost 
universal in the United States, has raised yields by 25 
per cent over the varieties previously grown, adding some 
700 million bushels a year to the world's grain resources 
(13) 2 Improved varieties of wheat have increased the 
total wheat production in the United States of America by 
more than 800 million bushels in the years 1942 to 1946 
(14). In the prairie provinces of Western Canada the new 
stem-rust resistant wheats have produced an estimated 
annual yield increase of 41 million bushels valued at 27 
million dollars (15). Modern varieties have raised the 
yield of winter wheat in Sweden by about 30 per cent 
through combining high yielding capacity with winter
hardiness, disease resistance and stiff straw (1). 

\Ve must now consider the effort and expense involved 
in introducing techniques which have had such remarkable 
effects. Plant breeding is perhaps unique among resource 
techniques in requiring from the user little effort, in fact as 

1 This paper was wntten in the course of a visit to the John 
Innes Horticultural Institution, London. I am indebted to 
members of tne staff for their interest and for helpful criticisms. 

2 Numbers within parentheses refer to items in the bibliography. 

a rule no change in management at all. The whole of the 
effort is confined to devising the new technique and this 
entails expenditure which as a rule is infinitesimal in com
parison with the advances in productivity for which it is 
responsible. We have been instructed to place emphasis 
in our discussions on the "economic costs and benefits of 
the application of a given technique". We can say with 
conviction that the cost-benefit ratio which plant breeding 
can claim will be hard to rival in any other branch of agri
cultural science. Plant breeding establishments are modest 
places with regard both to personnel and equipment; 
and once an improved variety is obtained, it goes on 
earning dividends, at best-as in self-fertilizing and 
asexually propagated plants-at the modest cost of purifi
cation and certification, at worst-as in hybrid maize-at 
a cost which is small in proportion to the benefit it helps 
to spread. One may venture the generalization that so far 
there probably has not been one plant breeding scheme
provided it was sensibly conducted-that has failed to 
pay a dividend. This is true not only for projects serving 
vast areas. In New Zealand the yield increase brought 
about by a new variety which is grown in an isolated 
pocket of less than 3,000 acres of wheat, each year repays 
the annual cost of all wheat breeding in that country. 

But the cost-benefit ratio is not merely an absolute 
statistic; there is a relative component-as between plant 
breeding schemes-which we must bear in mind particu
larly at this Conference. Yield increases may be obtained 
in a variety of ways (5); in the small-grained cereals, for 
example, by increasing the number of heads per plant, or 
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be number of grains per head, or the weight of a single 
grain, or by a combination of any of these; in short, by a 
di.rect improvement of what has been called the "yield 
c taracters". We may call this production breeding. On the 
other hand it is possible to achieve a similar effect not by 
improving the "production genes" themselves, but by 
a voiding yield losses; by removing, or reducing, the effect 
of some factor which limits yield. One may call this 
r,'sistance breeding. In practic~ the two can ~carcely be 
separated; but they receive a different emphasis in every 
breeding scheme. 

It is obvious that from the -viewpoint of utilizing re
sources of soil fertility, man-power, machinery etc., the 
S< cond kind of approach is the more valuable. A crop 
"\\hich suffers damage will often require little less of soil 
resources and human effort than one which remains in
tact, the more so the later in the life cycle the damage 
o<:curs. A crop ruined in the seedling stage can often be 
n·placed at relatively slight cost; but a mature crop which 
slieds its grain, or a plantation a generation old destroyed 
b.,• parasites, is a more serious loss. "Production breeding" 
as a rule demands an additional investment, in particular 
ir plant foods; "resistance breeding" insures the safety of 
an investment which has already been made. In the first 
case there is a recurrent debit it~m to the cost account, in 
the second there is not. 

These observations illustrate a fact which, I believe, 
should be foremost in our minds when we consider plant 
breeding as a major factor in the utilization of land re
sources: that there are policy considerations which tran
scend the temporary economic or national interests of the 
day. There are others. We must consider the claims of 
projects to improve long-lived crops, such as forest trees 
where the benefit will accrue to future generations; or of 
long-range projects of distant and uncertain promise. 
L•loking at the world at large, we must consider whether 
the scientific resources, at a time of acute shortage of 
trained and experienced workers, are best employed where 
they are or whether some of them should be re-deployed 
in countries where plant breeding as yet finds wide empty 
spaces. But first we must pass in brief review the main 
problems of, and techniques for, breeding and maintaining 
high-yielding crop plants. 

BUILDING STONES 

The first stage in any breeding project is the choice of 
the material in which to select. Kow that in many coun
tr:es the old adapted "land races" have been replaced by 
selections, our breeding material is built up from various 
somces, and often the best of these are far afield. On the 
·Choice of these building stones depends the nature and 
range of variation. It is therefore essential that a wide 
range of the existing variation in any one crop plant 
should be available if the best choice is to be made. 
Breeding aims and methods alter, and hence it is highly 
desirable that all genic resources should be preserved for 
future generations. Our very efforts of producing high
yidding strains have the effect of reducing the variability 
of a species. This has caused apprehension in maize 
af~er only a quarter-century of intensive inbreeding. 

To be of real value to the plant breeder, such collections 
mnst be observed, described and classified, otherwise they 
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are scarcely more useful to him than are museums or 
herbaria. 

The first man clearly to conceive these ideas, with a rare 
breadth of vision, and to carry them into effect on a truly 
stupendous scale, was K. I. Vavilov (11, 3). His work, 
though now submerged, still serves as an inspiration. His 
explorations and systematic observations led him to the 
discoverv of the "centres of development", areas where 
cultivat~d plants originated and evolved and where now 
the greatest density of variation is to be found. These 
centres yielded to him not only essential knowledge, but 
equally essential plant material, which he brought back to 
the Soviet Union, and, with a vast team of collaborators, 
grew, observed and described in a number of stations 
under carefully selected ecological conditions. Thus he 
provided the plant breeder with a great range of the 
world's variation, and made it accessible by devising a 
system of description and classification. 

Outside the Soviet Union, perhaps the most successful 
enterprise in this field is the Commonwealth Potato Col
lection at Cambridge (16). It is to be hoped that work on 
this great collection will be carried to its logical con
clusions by developing research activities in genetics, 
cytology and allied fields for which it affords such unique 
opportunities. 

An important move is the recent proposal of the Food 
and Agriculture Organization of the United Kations to set 
up a classified catalogue of cultivated plants. All partici
pating countries will maintain, and make available to 
others, all varieties which are cultivated in their area, and 
also breeders' lines which may be of particular interest and 
usefulness to breeders in other countries. Descriptions of 
all varieties in their national collections will be sent to 
F AO where thev will be classified and made available to 
breeders all ov~r the world. Immediate prospects are 
catalogues for wheat and rice, but other self-fertilized, and 
ultimately the cross fertilized plants are to follow. This 
scheme has many advantages. It maintains all types in 
their own habitats, it stimulates local interest, it is rela
tively inexpensive. 

Its shortcomings are noted in the FAO report, and it is 
to be hoped that they will be remedied in time. The most 
relevant one is that it makes no provision for the collec
tion and classification in non-participating and especially 
in primitive countries, in fact in some of those with the 
greatest wealth of plant types, which are still awaiting full 
exploration by collecting expeditions. So far the scheme 
fails to provide, or to offer assistance, for the establish
ment of world collections, with the excellent opportunity 
these afford for observation and research. But these gaps 
are mostly not final and should not detract from the real 
advance this scheme represents. It may be hoped that its 
extension to other crops will be rapid. Once it is under 
way much of the world's gene resources will for the first 
time be available to the whole world. 

VARIATION AND SELECTION 

In endeavouring to produce superior varieties from com
binations of existing ones, the aim is either to combine one 
character (e.g., winter hardiness) contributed by one 
parent, with another character (e.g., high yield) con-
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tributed by the other parent. Or else it may be intended 
to exceed the level of both parents with regard to one 
character such as high yield. We must now consider the 
variation and response to selection of the characters which 
determine yield. 

We have already recognized the distinction between 
resistance and production characters. But there are 
further distinctions which are of relevance for an under
standing of variation and selection. Some yield characters 
are determined by few genes with marked effects, others 
by a number of genes with weak individual effects; 
Mather (4, 8, 10) called the former major or oligogenes, the 
latter polygenes. Oligogenic characters often are not 
strongly influenced in their expression by the environ
ment, they are observable even in single plants or at any 
rate in small families. Polygenic characters, on the other 
hand, are more subject to environmental variation so that 
their action often cannot be reliably ascertained in single 
plants or their immediate progenies; they are, relatively, 
non-observable (5). These three kinds of distinction are not 
unrelated and Figure 1 illustrates the general trends of the 
relationships: 

YIELD CHARACTERS 

RESISTANCE PRODUCTION 

oligogenic 

observable non-observable 

Figure 1. Classification of yield Characters. Full lines indicate 
common, broken lines less common, relationships. 

Resistance characters are either oligogenic (examples 
are stem rust and bunt in wheat, crown rust and smut in 
oats, wilt in flax, blight, wart and virus X in potatoes, 
mildew in lettuce, smudge in onions), or polygenic (e.g., 
winter hardiness, drought, lodging or shedding in wheat, 
woolly aphis in apples (6, 2). .More often than not they 
are observable, or can be made so by modifying the en
vironment: we infect with pathogens, use freezing cham
bers or drought machines; we apply heavy fertilizer 
dressings to induce lodging, we seek out specific environ
ments for comparative tests. 

problems of selection for polygenic characters enter into 
most projects of breeding for yield, though to a varying 
degree. 

Production characters nearly always are both polygenic 
and non-observable. This means that breeding for such 
characters, as compared with resistance ones, encounters 
special obstacles. Genetic theory shows that the frequency 
with which any gene combination occurs is invariably 
proportional to the gene number. Hence combinations of 
numerous alleles can be expected only in large populations; 
but if the character cannot be reliably recognized in single 
plants or their immediate progenies, elaborate tests are 
required, the effort and expense of which reduce the size 
of the population to which they can be applied. So we 
find that where large numbers are needed most, we can 
afford them least. Thus in polygenic characters which are 
not observable in single plants, we are confronted with the 
paradox that small progress is easier to obtain, but great 
progress is easier to find (5). 

From this general analysis we conclude that the surest 
approach is the breeding for resistance characters which 
are--or can be made--observable. We have already seen 
that to remove the limitations to yield is sounder, from the 
viewpoint of conservation and utilization of resources, 
than is the breeding for production characters proper; we 
now find that on the whole it is also easier. Yet progress 
in the latter field is both important and promising; such as 
is on record-e.g. increased sugar yield in sugar beet-has 
been achieved by using large populations over long periods 
of selection. This approach, as we have seen, has its limi
tations; and these have become apparent among others in 
the example quoted. Further progress will largely depend 
on our understanding of the inheritance and of the nature 
of yield characters. This has been strikingly demonstrated 
in the utilization of hybrid vigour. 

The achievements of this method (6, 12, 17)-the yield 
increase in maize for which it is responsible has already 
been mentioned-are too well known to require more than 
a brief reference. Self-fertilized plants are usually homo
zygous, hence have a polygenic system with an internal 
balance; but cross-fertilized plants receive their chromo
some sets from two different parents, hence have a balance 
which is relationally selected (8). In these plants we select 
individuals not so much for their mvn performance as for 
their combining ability. Vie select in fact combinations. 
These are unstable and have to be constantly reproduced; 
but, by evading segregation, we evade the restrictions on 
gene combination which linkage imposes, and by avoiding 
homozygosity we avoid the effects of harmful mutants 3• 

This method is most easily applied where fertilization can 
be readily controlled (e.g., maize, tomatoes, pine trees) or 
where special controls can be introduced such as plas
matically inherited male sterility (e.g., onion, sugar-beet). 
But the potentialities of hybrid vigour are not nearly 
exhausted nor even fully explored (cf. p. 11); moreover it 
is a potent element in the yield increases of "polycrosses" 
and other "synthetic varieties" (cf. p. 14). 

Recently Harland (18) reported on a system of repetitive 
selection for combining ability without previous inbreed-

When the number of genes determining resistance or 
immunity is small, then the backcross technique, so effec
tively used by Briggs and his co-workers (6) in introducing 
resistance to bunt into Californian wheat, can be applied 
to great advantage. This allows the transfer of essential 
genes, accompanied by a minimum of the genotype of one 
variety, into that of another, with relatively little effort, 
yet with great precision. This method, which could be 
applied more widely than has been the case, has the great 
advantage of avoiding as far as is possible the need for 
dealing with polygenic differences in characters other than 
those which are the object of resistance breeding. In 
other types of mating, however, this factor may impair the 

3 In the breeding of asexually propagated plants, segregation 
effect on yield which has been attained through improve- can be prevented and heterotic effects can b3 permanently 
ment in the resistance character itself. So we see that retained by the interruption of sexual propagation. 
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ing which he found successful in maize breeding in Peru. 
He proposes it as a rapid and inexpensive method for 
under-developed countries, for crops of secondary im
portance, or for slow-growing plants such as forest trees, 
coconuts, and possibly cocoa and rubber. 

Other approaches for increasing the efficiency of breed
ing for yield have been used in recent years. The choice of 
parent material more often than not is empirical, so that 
an indication of the prospects of a cross prior to selection 
is of great advantage. Harlan et al (19) found that the 
yields of unselected hybrid populations in F 8 served this 
purpose, and Immer (20) obtained similar results in F 2 

or F 3. 

Nat ural selection has been used to increase the fre
quency of adapted variants, both in hybrid bulks of self
fertilized plants and in populations of cross-fertilized ones. 
This has been done systematically in the branches of the 
Swedish Seed Association, but in few other places. In 
small countries or for special problems, international co
operation may be called for. For example, the spreading 
of the combine-harvester in \Vestern Europe has sharply 
accentuated the need for wheats resistant to shedding of 
grain. Since winds cannot be relied upon to occur each 
year and "synthetic" testing devices are rarely adequate, 
hybrid bulks-and again final observational tests-might 
be grown in a windy country with otherwise similar cli
matic conditions, such as New Zealand, the main selection 
being done in Europe. 

Statistical methods for yield tests of large numbers have 
been recently devised by Yates (21) and developed by 
Goulden and others (22). In some circumstances they 
have substantially increased the efficiency of tests. Much 
would be gained if we understood hetter the physiology of 
the interactions of heredity and environment which we 
are now able to measure more accurately. 

Ultimately the best chance of progress comes from 
greater knowledge of the inheritance of yield characters 
and of the nature of the characters themselves. We know 
little of the organization of polygenes in plants with dif
ferent breeding systems, and of the progress of selection in 
various systems of breeding and selection. A searching 
enquiry into methods of selection in sugar-beet is in 
progress at Hilleshog in Sweden, and problems of selection 
in wheat and other self-fertilized crops are under in
vestigation in a number of countries including New Zea
land. 

Similarly, breeding for yield would be greatly advanced 
by a fuller understanding of the nature of the yield charac
ters. The breeder has received help from the plant patho
logist, the analytical chemist and a variety of techno
logists. But an understanding of the nature and the 
workings of the characters we are breeding for-as 
distinct from their effects-still eludes us. Plant breeding 
institutions are by now accustomed to geneticists, patho
logists, statisticians and cytologists; is it not time they 
opened their doors more widely to the physiologist and the 
biochemist? 

NEW GENES 

After more than twenty years' research it appears that 
induced mutation is a destructive rather than a construc
tive change. As Darlington and Mather point out, "the 
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changes which are constructive in the sense of being new 
adaptations are of polygenic origin"; "the overwhelming 
majority of mutants in Drosophila and Antirrhinum, 
especially those produced by X-rays, are hypomorphic and 
selectively negative, or at best selectively neutral" (23). 

Well authenticated cases of useful induced mutants in 
crop plants and especially of mutants with increased 
yield, are few indeed. Gustafsson's (1, 7) extensive work, 
especially in barley, has shown that useful variants with 
specific characters (stiffness of straw, earliness) could be 
induced. The frequency of stiff-strawed mutants was 0.2 
per cent, and one-quarter of them gave yields similar to 
those of the mother strain. The yield increases reported 
by Gustafsson are small and therefore difficult to prove. 

Similar types of induced mutants have been found by 
Swedish and other workers in some other crop plants. It 
seems that X-ray (or mustard gas) induced mutability is 
not without promise where a specific genetic change is 
controlled by a change-presumably a destructive one
in a small sector of a chromosome. If this is correct, its 
application to plant breeding is restricted, though by no 
means altogether unpromising 4 • Lewis (24) suggests possi
bilities such as the production of dwarf and precocious 
root-stocks in cherries and pears and of self-compatible 
mutants, which he was able to produce in Oenothera or
ganensis. 

CHROMOSOME DOUBLING 

The effect of chromosome doubling-without crossing
has been applied to plants with a variety of breeding 
systems. In barley, a self-fertilized plant, Gustafsson 5 , 

after intercrossing many tetraploid barley strains, has not 
got much beyond 80 per cent of the yield of the original 
diploid. Among cross-fertilized plants, however, tetra
ploid rye and red clover (1) are distinctly promising, as is 
the partially triploid strain produced by Rasmusson in 
sugar-beet. Here the tetraploid can be propagated from 
seed but is less productive than the diploid; the hybrid of 
tetraploid and diploid produces a mixture of vigorous 
triploid, normal diploid and inferior tetraploid, with a 
composite return in excess of the diploid. In sexually 
propagated plants there probably is a wide field for auto
ploidy, the more so if the original diploid is highly hetero
zygous. A recent example is the tetraploid pear Fertility 
which has larger fruits than the diploid 6 • 

SPECIES COMBINATION 

The potentialities of specific and generic combinations 
have as yet to be fully exploited. Here there is time and 
need for only a few general remarks. "Wide" crosses have 
been made for the purpose of transferring to a cultivated 
species some desirable character from a related wild or 
cultivated species or genus. Where there is a degree of 
chromosome homology, the problems of variation and 
selection are akin to those we have encountered in crosses 
within species; yet the difficulties are magnified. Where 
the inheritance of the desirable character and the breeding 

4 \Vhether the heterotic effect of certain X-ray induced lethal 
mutants could be utilized remains to be seen (cf. A. Gustafsson, 
Hereditas, vol. 32 (1946), pages 263-286). 

5 cf. Miintzing in (1). 
6 (2) page 234; for details cf. M. B. Crane and P. T. Thomas, 

Jour. Genet., vol. 37 (1939), pages 287-299. 
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system permit a short-cut such as recurrent backcrossing, 
the process is relatively simple. This is the case in the 
successful transference of resistance to blight and to virus 
X from Solanum demissum to our cultivated potato. In 
many species crosses, sterility or low crossing-over severely 
restrict the frequency of the desired combinations. This 
can be met by selecting in very large populations. Baur's 7 

attempt to transfer resistance to the vine louse and mildew 
from the American Vitis rupestris to the European Vitis 
vinifera was made with a material amounting to millions 
of s.eediings. The transfer of resistance characters from 
other members of the tribe Triticinae-the wheat family
to our common wheat, meets sterility barriers which have 
been overcome only in a few instances (e.g., resistance to 
stem rust from durum and emmer wheats). McFadden and 
Sears (25) recently reported an ingenious approach which 
appears to have great possibilities. They construct, by 
crossing and chromosome doubling, new species combi
nations containing those species from which characters 
are to be transferred. The new combinations, having the 
same chromosome number as our bread wheat, are more 
readily crossed with it than are the species themselves. 

Species combination by crossing and chromosome dou
bling may be an end in itself; it results in the creation of a 
type with the character of a new species. While this 
method promises a good deal, as yet it has made no major 
contribution to the world's resources. Perhaps the most 
promising combination is the wheat-rye hybrid produced 
by Mtintzing (I) at Svalof. However, such new types are 
more or less uniform. Variability has to be created just 
like the species itself, for without variation there is no 
adaptability. This can be obtained by repeating the pro
cess with various types, by further species crosses, or both. 
This vast effort invites co-operation; but so does also the 
exploitation of wide crosses. As a rule we reject in one 
environment what would be selected in another. On our 
own, we produce limited numbers of a few combinations 
in a restricted environment, wasting most of the proceeds; 
in co-operation, we can multiply the material, widen the 
conditions of selection, and utilize the material to the full. 

POPULATION PROBLEMS-MAINTENANCE OF VARIETIES 

From the early days of plant breeding, uniformity has 
been sought after with great determination. For this there 
are many reasons-technical, commercial, historical, 
psychological, aesthetic. It seems to me that the "purity 
concept" has not only been carried to unnecessary lengths, 
but that it may be altogether inimical to the attainment 
of highest production. 

This concept originated in the breeding of the self
fertilized cereals where high standards of homogeneity are 
readily attainable. But even here the extreme of purity, 
required by the seed regulations of various countries, is 
neither in itself a prerequisite of high yield, nor is it, in 
fact attainable. We know that the mutation rate is much 
higher than breeders often realize, and that the majority 
of the mutants are not distinguishable except by elabo
rate tests. I have maintained for years a strain of com
mon wheat with one chromosome arm duplicated (26); 
no doubt this must have physiological effects-but it has 
no visible ones. "Purity" is concerned with characters 

' (2), page 259 f. 

which are readily seen but often are of little significance. 
Its excessive pursuit absorbs energies, delays progress and 
deludes the breeder and the farmer as to the real merits of 
crop varieties. I suspect that often it is little more than a 
commercial convenience. 

In the cross-fertilized plants, where highest purity 
standards are unattainable, we don't worry about it to 
the same extent, and no doubt this is right. We have seen 
that the most successful method of raising yields-the 
breeding for heterotic effects-succeeds through inducing 
the maximum of internal heterogeneity, and that internal 
homogeneity as a rule causes depression. "Polycrosses" (21) 
and other types of "synthetic varieties" such as the line 
mixture used by Harland (28) in cotton, achieve internal 
heterogeneity with simple means. But this is probably not 
the sole reason for their higher yields. These varieties, 
being biological mixtures, are genetically fluid, hence they 
are open to improvement by selection or partial replace
ment; and, being heterogeneous, they are likely to be 
more adaptable to variations in the environment than are 
rigidly uniform races. From this follows that line mix
tures should give higher yields than simple pure lines even 
in the self-fertilized crops, and in fact this has been found 
in some instances but not in others (29). 

In the cross-fertilized plants the maintenance of im
proved varieties is mainly concerned with retaining any 
heterotic effects and with excluding undesirable out
crossing, both of which are aided by reducing as far as 
possible the period of propagation. Yet even in this fluid 
material, certification systems, and price differentials, 
often bear little relation to the relative productivity of 
successive stages of multiplication, but are mainly de
signed with a view to administrative and commercial 
convenience. This is a statement of fact but not an im
plied criticism; for an orderly maintenance and distribu
tion of selected stocks is not possible without a more or 
less rigid system. It should be sufficiently flexible, how
ever, to ensure a rapid distribution of superior stocks to 
the largest possible number of users. This cannot be 
achieved unless the price is within the reach of every 
grower. 

Freedom from disease is a principal aim of varietal 
maintenance in all crop plants; but this is especially so in 
the asexually propagated plants which normally lack the 
purification through a generative phase. In such crops as 
potatoes, "seed" stocks are raised in areas where the 
carrier of virus diseases is absent, the basic nucleus being 
maintained in insect-proof greenhouses. One may have to 
go farther afield for disease-free stock: virus-free "Lloyd 
George" raspberries are now being sent from New Zealand 
to Britain. Here we find another field for international 
co-operation. 

UNDER-DEVELOPED CROPS- UNDER-DEVELOPED COUNTRIES 

In the first section of this paper I said that plant breed
ing has made its mark in every part of the globe. Yet, even 
in countries with a long tradition of plant improvement, 
there are crops in which nature alone has shaped heredity. 
Most prominent among these--though not the only ones
are the forest trees. In a report on its post-war plans (30) 
the Forestry Commission of Great Britain has a single 
reference to forest tree breeding: "Other lines of research 
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which may be mentioned are tree breeding and vegetative 
reproduction;" ...... "It is not considered that either of 
these two lines of research is sufficiently urgent to justify 
taking them up as major projects after the war." In many 
other countries, tree breeding is not even mentioned in 
official reports-and this, incidentally, applies also to the 
programme of the Forestry Session of the present Con
ference. Yet wherever it has been attacked with know
ledge and vigour-mainly in Sweden, Denmark, Germany, 
United States of America, Russia, South Africa and 
Canada (9, 31)-it shows excellent promise of large ad
vances in yield. All the techniques we have passed in 
review---selection, hybrid vigour, chromosome doubling, 
species crosses-have been used in a variety of genera. 
New and old methods have been applied for speeding up 
flowering, fruiting and testing, with the result that 
breeding, especially of the shorter-lived tree types, is now 
relatively rapid and inexpensive (32). Yet even were this 
not so, posterity has a claim to our attention 8 • 

Some of the tropical crops have suffered similar neglect. 
What can be achieved is demonstrated by the great pro
gress in crops such as sugar cane and cotton. In others 
much remains to be done. This applies particularly to 
newly opened up territories where new crops are in
troduced. It is to be hoped, that schemes such as the 
British Food Corporation's East African groundnut 
scheme will have a team of experienced plant breeders 
among its research workers. 

In some of the oldest countries, and crops, the position 
is not dissimilar. I have often wondered whether the 
many wheats from China which are more prone than any 
other to shed their grain, suffer severely in their own 
habitat; that this is so is confirmed by Chang 9 • Even a 
slight improvement in the yielding capacity of rice in In
dia or China-and the opportunities are said to be ex
cellent (33)-would have profound effect on the nutri
tional standards of vast populations. 

Problems such as these open wide vistas of fields in 
which plant breeding has as yet to make its major con
tribution to the resources of mankind. One sometimes 
feels that they dwarf the tasks on which many of us are 
now engaged. 

8 In the report of the Commission of Enquiry into the Swollen 
Shoot Disease of Cocoa in the Gold Coast (H. M. Stationery 
Office, Colonial No. 236, London, 1948), the commiss'on finds 
"the development of varieties resistant to infection would be an 
ideal solution of the problem" but asserts that "it will be agreed 
that this is a long-term problem without any immediate practical 
sitmificance". I for one cannot agree. Obviously the ideal solution 
-of a problem which is vital to the existence of the cocoa industry 
is of immediate practical significance; and a long term is not 
reduced by delay. 

9 Quoted from Hayes and Immer (6). page 178. 
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Development and Maintenance of Superior Genetic Stocks 

W. ROBB 

ABSTRACT 

Observations are made regarding the principal crop plants grown in breeding experiments at the Scottish Plant 
Breeding Station. These plants exemplify the following groups with reference to mode of reproduction, viz: (I) naturally 
self-pollinated, (2) often cross-pollinated, (3) naturally cross-pollinated. 

Suggestions are made concerning methods of developing and maintaining genetic stocks. 

CEREALS 

At the Scottish Plant Breeding Station the cereal 
breeding work has been concerned mainly with oats. The 
chief problem with this crop plant is to breed special
purpose varieties in which high yield of good milling 
quality grain, resistance to lodging, early-ripening, 
resistance to sprouting in the stook, alka-tolerance, and 
resistance to disease are important characteristics. 

In view of the demand from growers for seed of certain 
varieties developed at the Station, the maintenance of 
elite stocks of these new varieties has been an integral 
part of the cereal programme of work. 

Collections of named varieties of oats, wheat and barley 
have been maintained for a number of years as a pool of 
genetic material for breeding, and also for observation of 
the behaviour of the varieties when grown under local 
conditions. This work has been undertaken along with the 
cereal crop breeding. About 150 varieties of oats, twenty 
varieties of spring wheat, sixty varieties of winter wheat, 
and forty varieties of barley are included in the cereals 
collection. Although only small quantities of the varieties 
could be grown each year, a considerable amount of time 
and attention, frequently at busy periods of the year, had 
to be devoted to the maintenance of the collection. 

Attempts have been made to maintain pure lines of 
many varieties by single plant selection each year, but it 
is thought it would be better to grow larger stocks, not 
necessarily single-plant selections. 

It was not possible to take detailed notes each year on 
the varieties. It would be useful to have many of the 
varieties in the cereal collections tested on a small field 
scale over a number of years in order to obtain more in
formation regarding their reactions to local soil and clima
tic conditions, relative yielding capacities, incidence of 
disease, morphological and genetical characteristics, and 
period of maturity. It does not seem necessary to have 
extensive collections at many centres, but it would be 
advantageous if a number of Institutes could each main
tain a representative collection of cereal varieties which 
are adapted to conditions in the country in which the 
Institute is situated. 

FIELD BEANS 

A certain amount of breeding work with field beans has 
been undertaken. A small collection of varieties of beans 
has been maintained, but it is more difficult to keep pure 
stocks of beans than pure stocks of oats, wheat or barley. 
Natural intercrossing occurs quite freely when varieties of 
beans are grown within short distances of each other, and 

to prevent intercrossing "bagging" of bean plants has 
been found necessary. 

POTATOES 

Potatoes fall naturally into two groups, viz. (1) wild and 
native-cultivated species and varieties indigenous to Cen
tral and South America, and (2) domestic varieties of 
other countries. 

The material in group (1), although not fully explored, 
is known to contain many genes of economic value. Collec
tions of specimens already exist in several countries but, 
even if combined, they would not be fully representative 
of the population from which they are drawn. In view of 
the difficulty experienced in maintaining collections in 
temperate climates, it is suggested that for the further 
exploration of the potentialities of this material a world 
collection should be established and that the most suitable 
situation for its maintenance would be in one of the South 
American countries. 

In the case of group (2), collections already exist in 
practically all countries interested in commercial potato 
growing. With some reorganization and comparatively 
little expense regional collections of domestic varieties 
could be established at selected centres within each coun
try or region. These regional collections could be given 
international recognition, and information relating to the 
material available for distribution could be obtained 
through a central office of information. 

Contributions to the development of superior genetic 
stocks should result from the carrying out of a breeding 
programme where the main objective is the production of 
improved disease-resistant varieties of potato. 

CROSS-FERTILIZING HERBAGE PLANTS 

The cross-fertilizing grasses etc. present maintenance 
problems of special difficulty not only on account of the 
risk of hybridization between sexually compatible races 
but because the agricultural value of a race may, and 
often does, depend on its being genetically heterogeneous 
and thus susceptible to the selective action of the en
vironment under which it happens to be grown. This 
being so, the bred strain, arising as a result of man's 
conscious selection, is liable to genetic change whenever 
man's selection is relaxed. The bred strain by virtue of its 
origin is therefore an ephemeral genetic entity. Further
more, agronomic needs are liable to change and so may 
render the specialized strain more or less obsolete in the 
agronomic sense within a comparatively short time. It is 
accordingly doubtful whether any useful purpose would 
be served by conserving even a limited number of bred 
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strains of the cross-fertilizing forage plants in the pure 
state, for it is genes rather than particular combinations of 
genes that are of interest from the standpoint of conser
\ation. 

A few suggestions regarding grasses are subjoined: 
Bred strains. In order to preserve the genes and at the 

sctme time to simplify maintenance technique it might be 
useful to mix strains of approximately similar agronomic 
and ecological value and to grow a very limited number of 
these mixtures under selectively appropriate environ
ments, i.e., to preserve a pool of genes suited to a parti
cular agronomic environment. 

Regional races, i.e., races which have developed under 
natural selection. Decide which regional races are worth 
preserving, and take steps to maintain a sample popu
lation in each region supporting a chosen race. Since the 
object would be to use natural selection to hold existing 
gcmetic constitutions, and not to change them, conser
vation would not need to be too centralized. 

BRASSICA A~D BETA CROPS 

High productivity in cross-fertilizing plants depends 
l<,rgely on two conditions, continuous selection and main
tenance of heterozygosity. Economic characters are 
mainly polygenic, and the presence of particular genes can 
rarely be determined by observation of the plant. The 
common method of seed production involves the selection 
of numbers of phenotypically similar parent plants, and 
the seeding of these and their progeny population in 
isolation. Such selection tends to accumulate genes 
which, after circulation in the two pollinations, are ex
pected to form mainly desirable combinations in the farm 
crop. A strain of this nature is perhaps least suitable for 
conservation as a stable unit. If selected according to 
some standard, the characters under consideration may be 
maintained or even improved, but the genes not subject 
to selection are likely to change in proportion, and may 
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even become homozygous or eliminated in the course of 
time. On the other hand propagation of the strain \vith
out human selection would permit shifts in the balance of 
genes under environmental influence and possibly in un 
desirable directions. 

Self-fertilization is generally followed by a pronounced 
decline in vigour. In some crops such as the swede or 
rutabaga, there is considerable self-compatibility and the 
inbred line may not be greatly inferior to an open-pol 
linated strain. The use of self-fertilized lines for the con
servation of characters could only be justified if a system 
for the rapid restoration of heterozygosity by interline 
crossing could be devised. In the case of the swede, lack 
of male sterility and means of vegetative propagation 
makes this difficult. 

Steps to be taken for the development and maintenance 
of high-yielding crop plants might include: 

(1) The scheduling of regions for the seed-production of 
particular forms, e.g., the seeding of mangold and sugar
beet in different regions. 

(2) Scheduling of seeding areas in cases where seeding 
plants are responsible for the spread of virus diseases, 
e.g., virus yellows in beet and Brassica viruses. 

(3) Control of strains claiming resistance to clubroot 
(Plasmodiophora). Cases have occurred where swede and 
turnip strains selected on infected land for many genera
tions, have been marketed with a high degree of resistance, 
and have subsequently deteriorated in the hands of cer
tain seed growers who may not have maintained intensive 
selection for this resistance. 

(4) Strains physiologically adapted to a region may 
become extinct if economic conditions favour the im
portation of the produce from some other region; e.g., 
winter-hardy broccoli ceased to be grown in the north of 
Britain because of cheaper production in the South. A 
plea might be made for the conservation of such strains as 
an insurance against changes in the economic situation. 

Notes on Developing and Maintaining High-Yielding 

Crop Plants 

THE INSTITUTE OF PLANT BREEDING 1 

WINTER HARDINESS OF CEREALS 

Breeders in many countries strive after winter hardiness 
of autumn-sown cereals. This holds especially for wheat 
where very hardy strains are known. These are used as 
parents in crosses with otherwise desirable types which 
lack this characteristic. 

Originally, testing for winter hardiness was left to severe 
winters. Later, cold resistance was tested by freezing in 
the laboratory. This method involves the use of freezing 
chambers in which the low temperature has to be uniform 
below and above. The results of the freezing method 

'\Vageningen, Netherlands. Prepared by Professor Dr. Ir. J. C. 
Dc·rst, Dr. H. de Haan, Dr. D. E. Bremer-Reinders, Dr. H. J. 
To:mpeus, Ir. S. A. Thijn and Ir. H. Lamberts. 

generally agree fairly closely with the data obtained from 
field trials, but the equipment is too expensive for many 
breeders. 

Sowing-time experiments performed with the Dutch 
varietal assortment have demonstrated that there is a 
connexion between vernalization and cold resistance. This 
offered perspectives for developing an easy method to 
determine cold resistance by applying spring sowing. All 
one has to do is to sow a few rows of the selection under 
investigation in spring at the time spring wheat is sown 
and to compare the behaviour with that of a few standard 
varieties. Those selections that fail to ear may be con
sidered cold-resistant just like the similarly reacting 
winter-hardy standards. 
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The advantages of this method are not only that it is 
inexpensive and fairly reliable, but also that very little 
seed of the selections is needed. Many Dutch breeders are 
now using with success this spring sowing in order to ob
tain valuable data on the cold resistance of their lines, 
completing those provided by normal autumn sowing. 

COLCHICINE TREATMENT 

In March 1946 Dr. D. E. Bremer-Reinders treated 
young plants of Petkus rye with colchicine (Navashin
Gerassimova method) from which several mixoploid plants 
resulted. The seeds produced by these individuals were 
put into pots in the winter 1946-1947 and the young 
plants were examined by Dr. G. Bremer for tetraploidy by 
making smear preparations of the root tips, stained ac
cording to Feulgen. Fifty seven tetraploid seedlings in all 
were obtained that were planted in groups and isolated in 
the spring of 194 7. The total yield was 300 grammes of 
seed, some individuals being better ,yielders than others. 
In the fall of 194 7 this rna terial was sown in several groups 
representing various combinations. The total yield in 
1948 amounted to 76 kg. Certain combinations proved to 
be very propitious while others produced less favourable 
results. The mean thousand kernel weight is about 53 
grammes, the highest being 67.2 grammes. In general 
seed setting was satisfactory, the highest set being 78.8 
per cent. In addition to good lines poor ones were also 
found. Aneuploid individuals with 27, 29 or 30 chromo
somes proved to be less fertile and remained behind in 
development. Improvement of this material is being con
tinued through combination trials with elite lines. Com
parative-yield plots have been laid out in the North-East 
polder. In order to broaden the basis of the selection each 
year new rye material is treated with colchicine. Besides 
Petkus rye we now have tetraploid forms of various other 
rye varieties including local varieties. 

Breeding polyploids by means of colchicine of other 
crop plants is also started, e.g., with barley and flax. 

Recently a new method of colchicine treatment has 
been developed, based upon a short, energetic procedure 
(high concentration and temperature), which increases the 
percentage of tetraploids obtained from the mixoploid 
plants. 

EXPERIENCES WITH CROSSBREEDING OF TUBER-BEARING 

SOLANUM SPECIES 

\Vild and semi-cultivated material is crossed inter se and 
with Solanum tuberosum. Solanum demissum is the most 
widely used species for this purpose. As a mother plant 
this species breeds easily with Solanum tuberosu,m. Some 
work is also done with demissum as the pollen parent. It 
seems that the hybrid tuberosum x demissum looks more 
like tuberosum than the reciprocal combination. 

In this work the hybrid has to be backcrossed several 
times with Solanum tuberosum to obtain a useful potato. 
The same can be said of all species crosses with Solanum 
tuberosum. In this work a cross with the common potato 
is called a tuberization by analogy with the terminology of 
sugar-cane breeding, where a cross with Sacch. nobilis is 
called a nobilization. The cross demissmn tuberosum is the 
first tuberization: ( dem. x tub.) tuberosum the second and 
so on. 
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At the moment we are in possession of a series of second 
and third tuberizations of Sol. demissum that combine 
resistance to the common strains of Phytophthora injestans 
with resistance to several other more virulent strains that 
appear in the course of this breeding work. 

A second line of work with the same crosses concerns 
resistance to the larvae of the Colorado beetle. The leaves 
of some demissum strains are not eaten and among the 
first tuberization many such plants occur. I~aboratorytests 
are continued with second tuberizations and the results 
have to be checked in the field. 

Moreover, tolerance to leafroll seems to occur in this 
material. 

Other species worth using are Sol. chacoense and related 
species and Sol. Antipoviczii. The latter species is very 
difficult to cross with Sol. tuberosum and this difficulty has 
heen mastered by crossing Sol. Antipoviczii with Sol. 
cltacoense first and doubling the chromosome number of 
the sterile hybrid. The "doubled" hybrid crosses easily 
with Sol. tuberosum and further tuberizations give no 
special difficulties. The first tuberization of this hybrid is 
not so wild in general as the demissum x tuberos!~m ma
terial. Sol. Antipoviczii contains genes for resistance to 
blight and some strains of Sol. chacoense are resistant to 
the Colorado beetle. 

Amphidiploids are gained from the crosses Sol. demissum 
x Sol. tuberosum and Sol. A ntipoviczii x Sol. phureja. Both 
"doubled" hybrids are highly fertile with Sol. tttberosum. 
More work in this direction is planned. 

Many tetraploid seedlings of Sol. tuberosum have been 
raised, but most of them are crippled plants. However, 
some show quite a normal appearance and it is hoped that 
crossbreeding will be possible. 

Experience has been gained with crosses between Sol. 
Antipoviczii and Sol. demisst~m. Some of the F 1 hybrids 
can easily be crossed with Sol. tuberosum. 

The semi-cultivated species S. rybinii and Sol. phureja 
are not easy to cross with the common potato. 

THE PROMOTING OF FLOWERING IN THE POTATO VARIETIES 

"BINTJE" AND "EERSTELING" 

In potato breeding the difficulty is often encountered 
that certain varieties with which one would like to work 
either fail to flower or produce a large percentage of sterile 
pollen or egg cells as a consequence of irregnlarities in the 
reduction division. This difficulty is presented by the va
rieties Bintje and Eersteling, which because of their de
sirable qualities attract every breeder. The number of 
flowers they produce varies with the region and the 
weather. But even if they bloom abundantly fertilization 
is poor. Their own pollen is worthless and the number of 
fertile egg cells is so small that the young berries generally 
are dropped. Yet an intensive use of appropriate father 
varieties can yield satisfactory results. We then must 
have at our disposal richly-flowering mother plants, in the 
case of Bintje and Eersteling (Duke of York). To obtain 
them the Institute of Plant Breeding uses grafting for 
Bintje and tuber removing for Eersteling. Both methods 
are based on the principle that by preventing the products 
of assimilation from accumulating in the tubers, flowering 
and fruit-setting are promoted. The two techniques are 
briefly described below. 
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For the first cleft graftage is used. A tomato plant of 
pencil thickness is cut a hand's breadth above the ground, 
one or two leaves being kept. With the aid of a safety 
razor blade an incision of 3 em. is made and the wedge
shaped end of a Bintfe scion, about equal in size, is placed 
in the cleft after most of the leaves have been removed to 
r:duce evaporation. The graft is tied by means of raffia. 
The pot is put in the moist atmosphere of a greenhouse or 
under a cloche. After about a week the graft has caught. 
Flowering is abundant and crossing often produces heavy 
bunches of berries. By operating under glass the graft is 
protected against breaking and the fruits are not blown 
off. Unfortunately the number of seeds per berry is not 
large, about ten on the average. In l 948, however, on 
account of the great number of berries about 2,500 well
developed seeds were harvested at the Institute of Plant 
Breeding. Part of them were raised free from virus infec
tion in the hothouse during the winter under artificially 
lengthened daylight. It should be mentioned that grafting 
can also he practised on the branches of older tomato 
plants. One must, of course, have pollen-producing father 
plants at one's disposal when the mother plants are in 
bloom. This is made possible through periodical planting. 

The method of tuber removal (described by Knight as 
early as 1807) is applied to Eersteling (Duke of York). The 
tubers are planted in moist, coarse sand devoid of manure 
or fertilizers. After about three weeks the sand is washed 
from the long roots and the tuber is placed on a brick. The 
roots are conducted in the earth and the plant is protected 
hy a box without bottom and with a cover consisting of 
two lids having in the middle of the line where they join 
semi-circular holes forming together a round opening 
through which the vines grow. Cotton wool protects 
haulms against injury along the edges of the opening. The 
plants develop well. Every three days the stolons are 
removed. As the reserve food cannot accumulate in the 
tubers the plant develops aerial protuberances at quite 
unexpected places and the many flowers are easily fer
tilized. 

Early partial cutting of the haulms also stimulates 
flowering. A method based upon this fact is being in
vestigated. 

THE DETERMINATION OF THE ALKALOID CONTENT IN 

FODDER LUPIN 

In breeding sweet lupin it is very important to he able 
to determine the presence of alkaloids in plant and seed. 

All species of the genus Lupinus contain alkaloids (be
tween 0.5 to 2.5 per cent) which are more or less poiso
nous. This prevented a large scale use of these plants as 
feeding stuff. In 1928 von Sengbusch (3) 2 succeeded in 
finding three alkaloid-less individuals of yellow lupin. 
Seed was already marketed in 1933. As it is impossible to 
distinguish morphologically either the plant or the seed of 
sweet lupin from that of normal alkaloid-containing forms, 
easy and reliable chemical methods of analysis had to be 
developed. This holds for the breeder as well as for the 
grower. Hybridizations and admixtures with bitter forms 
must be detectable. 

In the Netherlands plant-breeding work is closely con
nected with the activities of the General Inspection Service 

2 Numbers within parentheses refer to items in the bibliography. 
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for Seeds of Field Crops and the need was felt for a method 
applicable to the creation of new forms as well as to the 
supervision of the seed trade. 

The procedure followed by von Sengbusch (3) was use
ful in breeding but was not suited for the inspection of 
fields or lots: like the methods of Ivanov (1), they take too 
much time or depend too much on the inclination of the 
investigator. We investigated all the known ways and 
found some excellent methods of examining plants in the 
field and seed in bulk. These methods have been generally 
applied since 194 7 in the Nether lands and their reliability 
has been sufficiently demonstrated. 

As our procedure differs in some minor points from the 
original directions, a brief description follows. 

DeterminatZ:on in the field 

This is applied: 
1. In preliminary tests by the Inspection Service. If the 

plot satisfies the requirements the seed thereof is accepted 
for sample inspection. 

2. In maintaining the purity of varieties and selections. 
The breeder and the seed grower have continually to 
check their material for the presence of bitter types. 

3. In looking for sweet mutants among bitter lupins .. 
For the purpose of enlarging the basis of our breeding 
work we applied this method in 1948. Testing of about 
300,000 plants revealed seventeen alkaloid-less indi
viduals. 

For the examination a leaf with its petiole is torn from 
the plant in such a way that some of the epidermis of the 
stalk is taken with it in the form of a thin, transparent 
membrane. This film is dipped for 2 to 4 seconds in an 
iodine-potassium iodide solution. If a brown colour ap
pears in the membrane the plant contains alkaloids. In 
alkaloid-less individuals the membrane is not coloured or 
a grayish green discoloration occurs. The colour differ
ence becomes more pronounced if the membrane is washed 
after treatment. In the original directions of Schwarze (4) 
the concentration of IlK was: 2 grammes of iodine and 4 
grammes of potassium iodide. \Ve found, however, that 
the accuracy was increased, especially if many plants were 
examined, when the concentration was higher. \Ve now 
use 5 grammes of iodine and 10 grammes of potassium 
iodide in 1 litre of water. With intense sunlight the reac
tion rapidly loses its precision. 

In this way one person can examine about 7,000 plants 
per day if selection is the aim; for inspection purposes a 
much larger number can be handled. 

Examination of the seed 

For breeding work field examination is indicated; for 
the inspection of seed for sowing purposes, seed samples 
have to be tested. 

The prescription for the method of Wuttke (5) that we 
use is as follows: 

A seed sample (e.g., 100 seeds), placed in a tulle sachet, 
is boiled in water for l ~ hours. Afterwards it is cooled 
rapidly and plunged for 1 or 2 minutes in a solution of 
IlK. Then it is rinsed and the seeds are examined. A 
dark red-brown colour of a seed reveals the presence of 
alkaloids. The seeds free of alkaloids assume a yellow or 
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light-brown colour. This method, too, yields good results 
though sometimes the colouring is indistinct for reasons 
as yet unknown to us. The correspondence with the 
results of the field tests however, satisfactory. The 
same concentration of IIK as for the field tests is used. 

In order to be able to guarantee the purity of the seed 
put on the market, regulations were elaborated in co
operation with the General Netherlands Inspection Ser
vice. Only lots that contain a low percentage of bitter 
seeds are certified for further seed production. This 
measure was necessary as often lots with more than 50 
per cent of bitter seeds were found. 

Both methods mentioned above suffer from the draw
back that the presence of the alkaloids can only be de
monstrated when the amount exceeds a certain level. 

The absence of the reaction merelv indicates that the 
alkaloid percentage is below a cert.iin point; total ab
sence is not established. Experience shows, however, that 
the method is accurate enough for the demands made 
upon fodder lupin, but it is inadequate when a crop has to 
be developed the seed o£ which could also be used for 
human consumption. 

Though researches in this direction are not yet com
pleted, I call attention to a communication by Klawitter 
and von Sengbusch (2) which outlines a way to find forms 

absolutely free from alkaloid. In principle the method 
consists in boiling a few seeds ( 4 to 6) for two hours in a 
test tube with a constant amount of water (2.5 to 3.5 cub. 
em.). Evaporation of the water must be avoided (a series 
of test tubes can be put, for example, in a vessel with 
boiling water). After cooling a few drops of a very con
centrated solution of IIK is added (30 grammes of iodine 
and 60 grammes potassium iodide in l litre of water). 
This procedure allows a detection of the difference in the 
low alkaioid contents of strains of fodder lupins. We have 
discovered forms containing still less alkaloid than the 
best of the fodder strains. The method is excellent for 
serial analysis, but an objective standard of judgment is 
necessary. 

A refinement of this technique is required. Practical 
quantitative methods should also be developed. 
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Development and Maintenance of Superior Genetic Stocks at 

the Indian Agricultural Research Institute, New Delhi 

B. P. PAL 

ABSTRACT 

The importance of plant collections for breeding improved varieties of crop plants is emphasized. Reference is 
made to the collections that are being maintained by the Division of Botany of the Indian Agricultural Research Institute. 
The methods of maintenance of plant collections in general and of wheat, maize, potato and sugar-cane in particular are 
briefly described. The work of the Food and Agriculture Organization in connection with the world catalogue of wheat 
stocks and the need for similar work in rice are indicated. A general review of the work that is being carried on at the 
Indian Agricultural Research Institute under the project of Plant Introduction is included. 

A comprehensive collection of plant material from differ
ent agro-ecological regions is an important prerequisite in 
any plan of plant breeding. The assembling of plant col
lections provides the hreeder with a wide range of agro
nomical and other characters which after due assessment 
by appropriate tests are utilized either in the direct in
troduction of promising varieties in suitable areas or in 
the development of new varieties by synthesis or selection. 
The scope and efficiency of breeding depends on the nature 
of the collections and the data obtained regarding the 
botanical, agronomical and physiological characters of the 
material. 

Plant collections as they are usually maintained in-
clude: 

1. Original parent material, 
2. Varieties in commercial use, 

3. New improved varieties. 
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The experience Vlith commercial varieties in India has 
been that sometimes the same variety may be used under 
different names in different regions. The plant collections 
are therefore subjected to a preliminary examination in 
order to eliminate such duplicates. The collections are 
also examined for purity with regard to morphological 
characters. Any new useful mutants arising spontaneously 
in the collections are isolated and perpetuated in ad
dition to the existing collections. 

The Division of Botany of the Indian Agricultural 
Research Institute maintains collections of various crop 
plants at New Delhi and at its branch stations at Pusa and 
Simla. Among the collections are about 2,000 varieties of 
wheat, 200 of barley, 400 of linseed, 150 of pigeon pea, 
100 each of gram and chilli and 1,200 of potato. The col
lections include indigenous material as well as material 
imported from foreign countries. 

The methods of maintaining the collections will be il-
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I tstrated for wheat and maize representing self-pollinated 
and cross pollinated crops respectively. In wheat, the 
collections fall broadly into those of (1) the hills, (2) the 
}'lains of northern India and (3) the plains of peninsular 
India. Seed samples received or collected from various 
rlaces are grown and classified species-wise. Mixtures of 
\ arieties are separated into their components each one of 
'Which is maintained separately. The stocks thus main
tained are given accession numbers and nrc grown in small 
riots of 5 X 4 ft. with rows one foot apart. Careful 
r:)gneing is done every year. At harvest, three to four 
plants, true to type, are selected in each stock and 
threshed in bulk to provide seed for the succeeding year. 

The original samples are maintained by sowing them 
every fifth year and keeping them alive. The importance 
of these as the source of variability cannot be overlooked. 

The improved varieties are perpetuated in a slightly 
different way as their number is not large. In each variety 
twenty-five plants which are true to type are self:cted and 
harvested separately for growing in the succeeding year in 
plant-progeny rows eight to ten feet long. The rest of the 
plot is harvested in bulk after rogueing and the seed is 
used as foundation stock for large increases of the varie
ties. 

Different varieties of maize are planted in two-row 
plots. The pollen from fifteen to twenty plants is thorough
ly mixed and about an equal number of plants sib
pollinated. The sibbed seed is bulked and used fnr the 
next planting. The inbreds are maintained by continued 
selfing or by sibbing after they have been inbred for a 
number of years. The breeding of maize in India is in the 
early stages and problems like the isolation of high com
bining lines and the production of hybrid seed still await 
solution. 

In the case of potato which is vegetatively propagated, 
an individual plant which conforms to type and appears 
to be free from disease is harvested. In the succeeding 
year five to six tuber hills are grown. After the selection 
of one plant. the other five hills are bulked and kept in 
reserve to be used in case the progeny of the selected 
plant is lost. After harvesting the crop, the bulked ma
terial of the previous year is discarded. The potato stocks 
are maintained in the hills at Simla because it is difficult 
to get disease-free stocks in the plains and the growth of 
the plants is better in the hills. 

In sugar-cane, also a vegetatively propagated crop, sets 
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from vigorous and disease-free clones are selected for 
planting every year in the indigenous collections and the 
varieties evolved hy hybridization both of which amount 
to 700. These collections are maintained at Coimbatore 
representing the tropical climate and at Kamal represent
ing the sub-tropical climate because sugar-cane is cul
tivated in the tropkal as well as sub-tropical regions in 
India. 

Systematic and intelligent plant breeding has been in 
progress for nearly forty years now. This has resulted in 
the development of fairly large numbers of varieties of 
crop plants. Still there is an almost unlimited scope for 
improvement. It is generally recognized that the various 
sources of superior germ plasm have not been fully tapped. 
Valuable stocks, whether in the wild or under cultivation, 
are either not properly identified or are not fully utilized 
for breeding purposes. In order, therefore, to stimulate 
this phase of crop improvement and to initiate concerted 
action in regard to the breeding of superior stocks, the 
Food and Agriculture Organization has taken up the work 
of maintaining a world catalogue of valuable stocks of 
each of the important crop plants. A beginning has now 
been made with wheat. It is suggested that work on 
similar lines will be necessary for rice which is the staple 
food crop in south-eastern Asia. The Food and Agri
culture Organization through the catalogue keeps the 
plant breeders all over the world informed of the material 
available in the different countries. It also encourages 
and facilitates the exchange of material for breeding pur
poses or for direct cultivation. 

As has been pointed out earlier in this report, collections 
of various crop plants are maintained at the Indian Agri
cultural Research Institute and at its branch stations. 
More recently a project of Plant Introduction has been 
started. Cnder this project a collection of improved 
varieties of the common field crops, well-known fodder and 
forage grasses like brorne grasses, rye grasses, canary 
grasses, timothy,red top and legumes like clovers,melilots, 
medicks, lupins, vetches, etc., from different countries has 
been built up. Some of the reputed soil conservation 
grasses like love grasses, Bahia grass and legumes like 
Kudzu vine, tropical Kudzu and Lespedeza have been 
imported and are being tried in different parts of the 
country. A collection of varieties of emergency food crops 
like tapioca, sweet potato, etc., is also being built up for 
maintenance. 
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The Canadian System of Collecting and Maintaining Genetic 

Stocks of Cereals 

C. H. GOULDEN 

ABSTRACT 

The system of describing and maintaining genetic stocks of cereal crops in Canada is described. The system was 
developed in response to a request by the Food and Agriculture Organization for the maintenance and description of 
genetic stocks of wheat in all FAO countries. In Canada, the system is being put into operation for wheat, oats, barley, 
flax and peas, the Cereal Division laboratory at Ottawa acting as a central agency for the collection and maintenance 
of all genetic stocks. At Ottawa the stocks are being grown in 8-ft. rows and reserve material is kept on hand for 
distribution to plant breeders. Other stations are being used for the maintenance of stocks that are too tender for 
reproduction at Ottawa. Charts are used to describe the flow of material from the plant breeder to the Cereal Division 
and from there to plant breeders on request. 

There is a brief discussion of the theory of maintaining genetic stocks of self-fertilized crops in their original 
condition. The method in use is a compromise between an ideal system whereby genetic stocks can be maintained 
in the original condition with a high degree of certainty, and the physical limitations of handling a large number of 
stocks. 

In the spring of 1948 plans were finalized by the Food 
and Agriculture Organization for a system of recording 
and maintaining genetic stocks of wheat in all FAO 
countries. These plans called for extending to the Govern
ments of all F AO countries an invitation to co-operate 
in the operation of the system. On the receipt of this 
invitation by the Canadian Government, the Cereal 
Division of the Experimental Farms Branch, Department 

the records and furnishing reports to plant breeders. 
Maintenance refers to the actual method used in the field 
and laboratory in order to ensure that the stocks are 
maintained on an aoequate scale and that the genetic 
constitution of these stocks is maintained in the form in 
which the stock was originally received from the plant 
breeder. 

of Agriculture, decided to set up a system within the ORGANIZATION 

country which would meet the needs of FAO in con- I propose to deal first with the problems of organiza-
nexion with wheat, and at the same time would enable tion. In the first place I think it can be assumed that it 
Canadian plant breeders to maintain their own genetic is highly desirable for some central plant-breeding in
stocks of other crops such as oats. barley, flax and peas. stitution in each country to take the responsibility for 
This work was taken up by the Cereal Division in order organizing the programme of collecting and maintaining 
that the system would be centralized under one organiza- the genetic stocks. In case of a crop being catalogued by 
tion, thus obviating the necessity of individual plant- F AO, this central institution will deal directly with the 
breeoing stations having their own record files and F AO office thus eliminating the need for F AO to deal 
maintenance nurseries. It was recognized also that co- with individual plant breeders. It can be assumed also 
operation with FAO in connexion with wheat stocks that it is desirable for this central plant-breeding station 
would be simplified by that organization's having to deal to be federally operated in that the interest of the work 
in Canada with the Cereal Division only. There are various automatically becomes national in scope. With these two 
other advantages in centralization. One of the most im- assumptions accepted, it is logical for the Cereal Division 
portant is that if one station is actively interested in Laboratory at Ottawa to undertake the work for Canada. 
promoting the work, the project is much more likely to It is the duty of the central station to point out to plant 
succeed than if the interest is divided. breeders the value of the svstem, what it is intended to 

The object of reporting the basic outline of the system contribute to plant breedi~g generally, and to see that 
being used in Canada is to stimulate interest in all other the stocks in the hands of plant breeders that are of real 
FAO countries engaged in the same type of work and value to others should be incorporated in the system and 
consequently by discussions and experimentation to the necessary records and seed samples supplied. In
evolve a more or less uniform svstem which will be the cidentally, in initiating a system of this kind, it is our 
most efficient fur supplying the. plant breeders with the experience that a good deal of preparatory work should 
necessary genetic stocks for their breeding programmes. be done in educating the plant breeders as to the value 

The problem involved in setting up a system within of the cataloguing project in general. They need detailed 
any one country for collecting and maintaining genetic guidance in selecting the stocks that should be propagated 
stock involves two distinct phases which are worthy of and in making out the record sheets. The same individual 
considerable study in order that the best methods can be in charge of the work within the country should, of course, 
evolved. The two phases are (1) organization and (2) also be the official correspondent with the F AO office at 
maintenance. ·washington. 

Organization has to do with the system of collecting In the problem of organization, the greatest practical 
records and materials from plant breeders, systematizing difficulty seems to arise from a decision as to what ma-
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tcrial shall be recorded as a genetic stock and henceforth 
maintained in the genetic stock nursery. We find in the 
frst place that at the present time m0st cereal breeders 
have very large collections of material that they have 
brought in from outside stations and from other countries. 
A great deal of this material has not been carefully studied 
and, consequently, the plant breeder does not have much 
detailed information on the characteristics of the various 
strains and varieties. The general decision we have 
arrived at in Canada for dealing with this type of material 
is to encourage each plant breeding station to operate 
what we have referred to as a foreign introduction test. 
.For example, we have at Ottawa a large portion of the 
world barley collection made by Dr. Wiebe of the United 
States Department of Agriculture. Some 4,500 barley 
strains are in this collection and are being studied system
atically in order to determine if any of them possesses 
characteristics that will be of value in our plant breeding 
programmes. Whenever any of these stocks is found to 
possess desirable characters, it will be recorded and 
placed in the genetic stock maintenance nursery. 

The other main source of stocks to be placed in the 
maintenance nursery will arise from the plant breeders 
in the development of their breeding projects. In this 
connexion we are making a special effort to the 
plant breeders with the fact that genetic stocks of value 
are those that possess particular characters or combina
tions of characters that render them useful in breeding 
programmes, and that they should look for these with 
the object of having them maintained in the genetic 
stock maintenance nursery so that they will be available 
for future use. There is perhaps a tendency on the part 
of most plant breeders to consider a stock eligible for 
maintenance and recording only when it has some 
practical value in commercial production. This is ob
viously a great mistake and we are doing everything we 
ran to impress the plant breeders with the fact that the 
object of the system is to maintain genes rather than to 
maintain varieties. 

Figure 1 is a graphical illustration of the way in which 
genetic stocks will originate and flow to the genetic stock 
maintenance nursery. In general, at Ottawa genetic 
stocks will arise first from the foreign introduction tests 
as described above, second from the breeding nursery 
itself, and third from other plant-breeding stations. It 
is assumed, of course, that other breeding stations may 
have a setup similar to the one at Ottawa with respect 
to the testing of foreign introductions, and the selecting 
of certain stocks from these tests for the genetic stock 
maintenance nursery. Note first that the genetic stocks 
at the plant-breeding station at Ottawa flow from the 
two main sources, the foreign introduction tests and the 
breeding nursery, and these are added to by stocks 
arising from other plant-breeding institutions. In the 
second place we note that the plot representing the genetic 
stock nursery increases from year to year. This indicates 
that the expectation is that more stocks will be added to 
the nursery each year than are eliminated. The elimina
tion of certain stocks is regarded as a definite possibility 
due to our obtaining information about them indicating 
that they have no further value or are adequately dupli
cated by other stocks that will continue to be maintained. 

tn.YUA 

PLANT 

BREEDING 

STATIONS 

Pi..& NT 

BREEDING 

STATION$ 

GOULDEN 

fLOW OF RECORDS AND SEED IN CANAOIAM SI'$TEN Of 

MAINTAINING GENETIC STOCKS Of CEREALS 

WINTER OATS 
ANO 

BARLEY 

8' ROWS 

RES• 

·ERV£ 

COPIES 
FlL£0 

100 
RES· 

Figure l 

OTTAWA 

AI.L CEREALS 
EXCEPT WINTER 

OATS II BARLEY 

&'ROWS 

OTTAWA 

ALL CEREALS 
EXCEPT WINTER 
OATS a 8ARLE Y 

8' ROWS 

However, discarding will be very carefully watched and 
every effort made not to discard any stock unless we are 
definitely convinced that it will not be of any value in 
plant-breeding work. New stocks, however, are expected 
to flow into the nursery each year. Consequently, the 
number will continue to expand at least until it reaches 
a definite physical upper limit. Figure 1 indicates the 
genetic stock nursery that will be grown each year. This does 
not mean that every stock will be propagated each year. 
The general plan as outlined below under techniques will 
involve growing the stock approximately every third year. 

Figure 2 is designed to illustrate the d~etailed flow of 
seed and records, in the general organization of the 
system. In the first place when a plant-breeding in-
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stitution furnishes a genetic stock, it supplies the de
scription sheet and 10 grammes of seed. From the seed, 
about 100 individual seeds are taken for sowing in the 
genetic stock nursery and the remainder is placed in 
reserve. The records that come into Ottawa, consisting 
of the description sheets, are copied and placed on file. 
If the stock is a wheat stock, the original record sheets 
are forwarded to FAO for their genetic stock catalogue. 
The seed selected for planting may be grown either at 
Ottawa or at one of the Experimental Stations in British 
Columbia, this division depending on the nature of the 
stock. It is proposed to use a station in British Columbia 
for propagating winter oats and barley, and possibly for 
the propagation of some stocks of winter wheat. The 
reason for this of course is that some stocks that are not 
very winter-hardy cannot be brought through successfully 
at Ottawa. The genetic stock nursery plot in which the 
stock is propagated will consist of a row approximately 
8 ft. long containing 100 seeds. In other words, it is 
proposed to sow the seeds about one inch apart in the 
row. The reason for this will be outlined in the following 
section. After the first crop a reserve of seed of each 
genetic stock will be maintained in metal cans and in a 
fireproof storage room in Ottawa. It is expected that the 
8-ft. row will yield approximately lOO grammes of seed, 
and out of this in any one year about 50 grammes will 
be available for distribution to other plant breeders. 
Roughly it is proposed that 10-gramme samples will 
ordinarily be supplied to plant breeders unless they in
dicate otherwise. Therefore, five different plant breeders 
can he supplied from Ottawa with seed of any one genetic 
stock in one year. The remaining 50 grammes will be 
kept in reserve and used for seeding the following year. 
\Ve have, therefore, an organization in which seed and 
records will flow to the central station at Ottawa where 
a portion of the seed will be propagated and made 
available for distribution to other plant breeders. At the 
central station also the record sheets will be copied and 
the originals forwarded to F AO in the case of wheat, and 
in the case of other cereals if FAO should eventually 
undertake to catalogue them. 

TECHNIQUE 

The second phase of the problem of maintaining genetic 
stocks has to do with the technique applied in the genetic 
stock maintenance nursery. This problem is not as simple 
as it may seem at first. \Vhen we undertake to maintain 
a genetic stock the assumption is that we are undertaking 
to maintain it in the same condition as supplied to us 
originally by the plant breeder. Assuming that all stocks 
supplied are single hiotypes, and that in the nursery plots 
natural crossing and other accidents do not occur, the 
problem is quite simple. However, in the first place we 
cannot assume that a stock supplied to us even of one of 
the cereal crops such as wheat, barley or oats, consists 
only of a single biotype. In the second place some 
accidents and natural crossing can be expected to occur 
in the maintenance plots. Through a long series of 
propagation cycles it is possible, therefore, that the 
proportion of the various biotypes in an original stock 
may change due to competition between them. and to 
random sampling in the selection of seed for propagation 
purposes. Further, if natural crossing or mutation occurs, 

segregation will take place and some means must be 
employed to eliminate any off types that occur. The ideal 
method of maintaining a given stock could probably be 
worked but this has to be balanced against difficulties 
involved in maintaining a large number of such stocks. 
In other words, it would be fairly easy to maintain stocks 
in their original state if one could grow large populations 
under conditions of perfect isolation and sampling each 
individual plant for propagation. However, it would he 
impossible to grow a large number of populations in that 
manner and consequently we have to reduce the size of 
the plot and restrict sampling to some simple procedure. 
As we reduce the size of the plot, difficulties due to 
random sampling and to accidents are increased propor
tionately. 

I think it is safe to say at the present time that the 
system which balances the conflicting factors involved 
in the maintenance of a number of genetic stocks in their 
original state is not yet known and perhaps a perfect 
method mav never be evolved because this method will 
depend actually on the purity of the stock supplied, the 
rate of mutation in the stock and the tendency to natural 
crossing. The method tentatively set forth for use at 
Ottawa is based on the principle of balancing the size of 
the plot and the technique of propagation employed 
against the frequency of occurrence of those things that 
tend to change the original genetic constitution. Small 
plots must be used in order to handle the number of 
stocks submitted with a reasonable degree of facility 
without too great an expenditure of funds and labour. 
The plants will be placed approximately one inch apart 
in the row in order that any off types that occur can be 
eliminated as whole plants. Also, the stocks will he alter
nated with rows of another crop in order to reduce the 
frequency of natural crossing. 

In the meantime, it is proposed to do some actual ex
perimentation with stocks which are made up artificially. 
They are to consist of two or more biotypes and to 
experiment with different methods of propagation in 
order that we can decide on the amount of care necessary 
in sampling so as to ensure that the various biotypes 
are maintained. On the one hand the sirr.plest method 
of propagation is to harvest an entire row, mix the seed 
thoroughly and select 100 seeds at random for the next 
year's propagation. This method, however, is open to 
criticism in that there is a certain amount of competition 
between the biotypes resulting in a differential yield and 
the lower-yielding types will tend to be eliminated. Also if 
certain biotypes are present in low frequency, the selecting 
of only 100 seeds for propagation means that, in the samp
ling procedure, biotypes of low frequency may be lost 
completely. The opposite extreme, which would make 
more certain the retaining of the stock in its original 
condition, would be to grow a larger plot of, say, 1,000 
plants and in selecting seed for propagation to take one 
seed from each plant in the field. Some studies will be 
initiated in order to determine whether or not such ex
treme measures are really necessary. 

Certain problems will arise in connexion with the 
occurrence of mutations that are not of a morphological 
character. For example, we may have a disease resistant 
strain in which a mutation takes place causing sus-
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c::ptibility and at the same time a higher yield. Under 
d:sease-free conditions the susceptible strain will eventu
ally become predominant. With a large number of stocks 
involving resistance and susceptibility to various diseases 
it would be impossible to have a continuous check by 
g:~owing them in disease nurseries. 

SUl\L\IARY 

With the object of promoting discussion and ex
perimentation on methods of maintaining genetic stocks 
of cereals within any one country, the methods being set 
up in Canada are described. 

B0GH 

The methods involve (a) organization, (b) technique of 
maintenance. It is emphasized in the organization that a 
central station should be responsible for promoting the 
work and seeing that all stocks are adequately propagated 
and made available to other plant breeders. Some 
problems of maintenance technique are discussed and a 
method suggested which is not ideal for perfect mainte
nance of a stock in its original condition but which enables 
a large number of stocks to be handled with a minimum 
of labour and equipment, and may prove to be quite 
satisfactory. It is proposed to make a further study of 
problems of maintenance techniques. 

Plant Breeding-Development and Maintenance of Superior 

Genetic Stocks 
HENRIK B0GH 

ABSTRACT 

The paper points out the importance and the economic basis of plant breeding work. The expense entailed in 
such work is very small when it is distributed in the price of commercial seed. Even a very little improvement in yield 
can pay for an extension of breeding work which certainly should result in higher-yielding varieties and carry the work 
past the dead-centre which has been observed in its progress. 

Some important problems concerning plant-breeding methods, especially for cross-pollinating crops, are discussed 
and a procedure has been outlined which stresses the importance of obtaining breeding material of various origins, 
of sharply differentiating the material, and of estimating the combining ability of plant families. The breeding material 
should be thoroughly tested under various environments and advantage should be taken of the interaction that occurs 
between the characteristics of the varieties and the conditions conducive to good yield. Neither self-pollinating nor 
cross-pollinating varieties can always keep their yielding capacity under multiplication. This is one reason that original 
seed must be bought from the breeder each year. Another reason is that the breeder must be paid for his work. 

The steadily increasing density of population and the 
desire to secure a higher standard of living make greater 
and greater demands on the production of vegetable 
food, which is the basis for all sustenance. 

In the case of Denmark, agriculture is the main source 
of income and most requirements, other than agricultural 
products, must be bought with incomes derived from 
agricultural exports, especially the export of animal 
products. A high production of fodder plants forms the 
basis of Denmark's capacity to produce animal products 
and it is, therefore, of vital importance for the economy 
of this country. 

For this reason, no means of favourably influencing the 
production of agricultural plants can be ignored, nor can 
the breeding of high-yielding varieties. Whereas most 
ot'ter means of increasing production are expensive (such 
as buying artificial manure, etc.), the planting of high
yidding rather than low-yielding varieties is practically 
no more expensive. The total cost involved in Danish 
plant-breeding work may be calculated at about half-a
million Danish kroner annuallv, and at 0.20 krone annu
allv per hectare under plough.-

fhis work is done entirely on private initiative. The 
Gc·vernment contributes nothing, not even for research. 
Phnt breeding, then, must be considered as a business 
wlich can be carried on only to the extent that breeders 

derive income from the sale of seed of the new varieties. 
How much the cost of seed will be increased by the 
expenditure of 0.20 krone per hectare for plant breeding, 
may he calculated on the basis of the quantity of seed 
used per hectare. For cereals, 1.8 hectokilos of seed are 
used per hectare, so that the increase in the cost of seed is 

0.20 krone 
1.8 hectokilos 

0.11 krone per hectokilo. For root crops: 

0.20krone k 
20kg.ofseedareusedperhectare =' 0.01 ronc 

per kg. 
The value of the crop per hectare may be estimated 

at 1,500 kroner per hectare. If the breeding work in
creases the yielding capacity by one percent, the gross in
crease in income will be 15 kroner per hectare. Even if 
the expense for breeding work were much higher than 
0.20 krone per hectare, it would still be a good investment 
for agriculture. 

The plant breeding work has unquestionably given 
higher-yielding varieties for some species. For the self
pollinated cereals, wheat, barley and oats, the increase 
in yield between the varieties now used and those used 
before the breeding work began, may be estimated at 
20 to 25 percent. The yield has been rising steadily until 
recently but now the improvement seems to have stopped. 

In the case of the cross-pollinating crops, similar 
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examples of improved yields can be given by comparing 
the first Danish varieties and the imported seeds used 
before these were released. However, the maximum 
results appear to have been obtained already with these 
crops. It has not been possible to demonstrate any pro
gress in yielding capacity for many years, although some 
distinct types have been produced that are advantageous 
in other respects. 

SOME PROBLEl\[S LN PLANT BREEDING 

With the rather modest breeding work accomplished 
up till now, it cannot be assumed that the upper limit of 
yielding capacity has been reached. Some factors, limit
ing the effects of the work, must exist. For the self
pollinating crops we believe we have rational principles 
for the breeding work, but for the cross-pollinators this 
is not the case. Before we consider these problems, let us 
first discuss briefly the methods used in Denmark m 
breeding cross-pollinating plants. 

Seeds of single plants or pair-crossings are sown in 
experiments for progeny tests, and the best progenies are 
saved in the hope that the breeding value will be in
creased in this way. As a single test of the families is not 
satisfactory, the second and perhaps the third generations 
of the best families from the first experiments are com
pared in new experiments. In producing the next genera
tion, several possibilities exist for the pollination of the 
families. 

1. The families are allowed to pollinate freely. 
2. The families are sister-pollinated. 
3. The families are inter-crossed (poly-crossed) or top

crossed. 
For herbage plants vegetative propagation is easy, and 

here the poly-cross method is often used in the selection 
of mother plants. After testing the families for one to 
three generations, the best ones are crossed together in 
order to make an elite which is then propagated as a new 
variety and from which new mother plants are selected 
for further improvement. 

Some years ago another method was widely used. From 
the best families from the first experiment new mother 
plants were selected to form sub-families, each of which 
was used in experiments. Only the families which gave 
a large number of good sub-families were saved. New 
mother plants again were selected from the best sub
families out of the saved families, and so on until only 
one or few original families were left, the sub-families of 
which were inter-crossed for making a new variety. :V1ore 
or less isolation of the families and sub-families was 
used. 

The object of the experiments is to find the true breed
ing value of the families, the value of each family when 
it is pollinated by all the other families used for forming 
the new variety. The true breeding value and the special 
value of each family as it is established in the experiments 
may be two different things. It is logical to think that the 
difference between these two va.lues will be less when the 
poly-cross method is used in the selection of mother plants 
as well as in the propagation of the families for obtaining 
later generations for experiments, than when families are 
formed on the basis of single plants or pair-crossings, and 

the later generations are obtained by free pollination or 
sister pollination. 

The poly-cross method gives considerable though not 
exact information about the combining ability of the 
families, because of the steady reduction in the number 
of families contributing to the pollination. When the 
reduction is not too great, this source of error will not be 
of much importance, however. The theoretically best 
method is the testing of all possible combinations but in 
practice this is impossible. The hypothetical basis for the 
above-mentioned sister pollination of families is that 
families which have not degenerated too much from in
breeding, would have the best breeding value. This 
theory has been borrowed from the maize investigations, 
but the danger exists that the combining ability will be 
more specific than general, owing to hybrid vigour. The 
tendency has been toward less use of inbreeding and more 
use of the poly-cross method. 

Theoretical considerations concerning inheritance of 
quantitative characters, balanced combinations and great 
potential variability 1 reveal the difficulty in changing a 
population when the characteristic under investigation is 
so complex as yielding capacity. Experience with breed
ing experiments in which selection in both a positive and 
negative direction has been tried, emphasize the diffi~ 

culty. 

Yielding capacity is, indeed, a very complex charac
teristic composed of innumerable factors some of which 
are influenced in one direction by growth conditions and 
others in another direction. We cannot always speak 
about good and bad factors. K ot even the genotype as a 
whole can be classified as such under all circumstances. 
The relative value of the families does not remain con
stant from one experiment to another, and only the 
average of many experiments can tell us the tmth. The 
very great variation between the families in a single 
experiment is always diminished by repeating the ex
periments. It is impossible not to come to the opinion 
that the real differences between the families are not so 
very great, and in this v!ew there lies, perhaps, the reason 
why selection is often ineffective. This consideration is 
the more important because we often make mistakes in 
the selection of families as a consequence of too few 
experiments. 

Experimental errors including quality of seeds also play 
a great part. Experience has shown that this quality can 
vary very much and influence the result. 

Selection of too few families under special environments 
can result in onesidedness of the produced variety and 
may be very dangerous. If the use of a single line of a 
self-pollinated species apparently does not give rise to 
this danger, it is the result of very thorough testing for 
many years. Onesidedness should be distinguished from 
the inbreeding effect obtained when only a few families 
are saved in a cross-pollinating species. 

DESCRIPTION OF A BREEDING METHOD 

Hitherto the common opinion has been that a gradual 
improvement is possible by a steady concentration of 
dominant positive genes for high yield. Consequently no 

1 See Mather, several publications. 
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new material is introduced in the breeding material. In 
view of the difficulty of improving a population by con
tinued selection, we must think it more suitable for the 
purpose to make new populations by crossing materials 
of different origin. The problem then will be to find 
material snitable for crossing. Introduction and test of 
foreign varieties therefore must be an important part of 
the breeding work. Differentiation of the various materi
als is the next step. 

For herbage plants it is easy to make clones which can 
be crossed in several combinations and kept alive for 
many years until the experiments have been finished. 
Then the original clones can be used in the making of the 
new elite. In roots, vegetative propagation is also possi
ble although more difficult, especially the keeping of the 
clones for several years. Here it is possible to make 
rather distinct families by pair-crossing, the first genera
tions of which are then compared. After this first test 
the best progenies are crossed in several combinations 
for estimation of their combining ability. When the new 
elite is to he formed we have the "rest seed" from the 
pair -crossings. 

Use of inbreeding for the purpose of differentiation of 
the plant material should be considered. There is not 
much available experience in this respect for crops other 
than maize so that we are not informed very exactly 
about the value of strong inbreeding. We can be sure, 
however, that the \vork will be more expensive if in
breeding is used. The poor value of the inbrect families 
themselves also calls for consideration of a grrater num
ber of components than one might wish and than is 
necessary when the components themselves are more 
high-yielding. 

\v11en rather few families are used in the forming of the 
new variety, the danger exists that the yielding capacity 
will decrease V~--ith the multiplication of the variety. 
Direct use of F 1 then must be preferred. One must desist 
from the use of very few components because of the im
possibility of getting a sufficiently high degree of crossing. 
The only way in which this high degree of crossing can 
be reached is by inbreeding in order to concentrate a few 
genes for self-sterility in each family by means of which 
a certain degree of brother-sister sterility is obtained. 
Very good isolation of the components is claimed for this 
method. 

However that may be, the most important considera
tions are the sharpest possible differentiation of the 
various material and the fmding of components with the 
best combining ability for forming a new variety either 
as a synthetic variety or by direct utilization of hybrid 
vigour. 

The estimation of combining ability demands that 
experiments be carried on under very different environ
ments. The breeder must therefore have several stations 
at his disposal. 

B0GH 

more important than a high average yield, especially in 
the case of fodder plants. Great adaptability under 
varying environments is also very important; this is the 
reason why a great diversity in the original material must 
be emphasized. 

A further study of the yield components and of charac
teristics very important for yield, such as assimilation of 
the leaves, etc., will perhaps enable us to estimate the 
yielding capacity more easily and certainly than can be 
done by experiment, and such problems may be a task 
for research. 

Certain conditions have a great influence upon yield, 
and in the breeding work we must try to create varieties 
suitable for utilizing such conditions. For instance early 
sowing is nearly always a precondition for a high yield 
of fodder beet when not too many bolters appear. If we 
can produce a variety very resistant to bolting, there is 
a chance of making use of this precondition for getting a 
high yield. A high yield of barley presupposes a rather 
heavy application of nitrogenous fertilizer, and resist
ance to lodging therefore is a condition for getting a high 
yield. Perhaps the grt'atest possibilities for creating high
yielding varieties will be found when the breeder takes 
advantage of such interactions. 

In order to lower the costs of agricultural production, 
it is important to create varieties adapted to cheap 
methods of cultivation. For example, the singling of 
roots is cheaper when the variety can utilize a large 
distance between the single roots. 

MAINTENA::-JCE OF HIGH-YIELDING VARIETIES 

Up till now it has been a common assumption that 
varieties of a self-pollinating species keep their yielding 
capacity unaltered under multiplication, but several ex
periments have shown very clearly that this supposition 
is wrong. Elite seeds from a breeder have always been 
better than the common seeds in the trade. Good argu
ments exist for the claim that the seed firms must buy 
new original seeds from the breeders perhaps every year. 

In the case of cross-pollinators the same seems to be 
true for varieties produced by modern methods of family 
breeding whereas mass-selected varieties do not show any 
decrease in yielding capacity. For cross-pollinating crops 
it will therefore be of importance to narrow the difference 
between elite and commercial seed as much as possible, 
and to buy stock seed from the breeder every year. Es
pecially for herbage plants, in which natural selection may 
alter the compostition of the variety, this is of importance. 

Official experiments with varieties from different 
breeders must be regarded in connexion with the question 
of maintaining high-yielding varieties. The importance 
is stressed of making the experiments with commercial 
seed instead of seed received directly from the breeders. 

The necessity of constantly buying original seed from 
the breeder has another aspect, especially when breeding 

Yielding capacity as a rule is regarded as a primary work is carried on as a private business. The sale of seed 
characteristic. We do not think that any single important is the only way by which a breeder can be paid for his 
limiting factor exists although resistance to plant diseases work and thus continue in business. As mentioned above, 
and climatic factors play a great part, and probably we the extra cost of seed incurred by breeding expenses has 
should attach more importance to these matters in the hitherto been very little, and even if the extra cost were 
future. Healthy crops from year to year are in reality considerably it would still be money well spent. 
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If a small tax were put on the price of ~eed, it would be 
possible to extend the breeding work considerably with
out any further contribution from the Government, or 
perhaps the Government itself might completely take 
over the breeding work though this might be much more 
expensive! It is true, of course, that research work is a 
task for the State. Many plant breeding problems are 

still unsolved, and scientific research would certainly be 
of great help to the practical breeder. 

Up till now there has been too little regard for the 
economics of plant breeding, and we can he sure that if 
we do not change our point of view in this matter, there 
is danger that we shall simply mark time. 

Adaptation of Crops to New Environment 

P. V. CARDON and C. 0. ERLANSON 

ABSTRACT 

Crop production in the United States is based almost entirely upon introduced plants. Most of them were es
tablished in this country by emigrants. New crops and improved strains and varieties of the older ones have been 
introduced by agricultural workers of state and Federal Governments. 

This work has been going on for the last fifty years. Early efforts were directed to finding plants that were better 
adapted to conditions here, such as the hardy wheats and other cereals. Later, emphasis shifted to finding strains or 
varieties resistant to diseases or other hazards of production for use as breeding material to improve our crop plants. 
Much success has resulted from this effort. 

In recent years the United States has exported large quantities of seed of improved plants. In many cases these 
varieties are not well adapted to the Old World because they have been bred to fit conditions in this country. In some 
instances, in Europe or Asia, remarkable yields have resulted from seed of United States' varieties but if other nations 
are to derive the maximum benefit from our improved varieties it will be necessary for them to engage in breeding 
programmes to combine local adaptation with the disease-resistance and other desirable qualities of these varieties. 

The United States has benefited immeasurably from plants of the Old World. We are now happy to repay this 
obligation by sharing our superior varieties with the rest of the world. 

The problem of adapting plants to new environments 
has challenged man since the beginning of civilization. 
Throughout the centuries man in his migrations has 
carried with him plants that produce food. The great 
advances in agriculture hear witness to man's efforts to 
grow plants in new environments. 

Moving plants to new localities may be a rather simple 
job, or it may become a painstaking process requiring a 
knowledge of the soils, climate, length of day, and many 
other facts concerning the native home and the proposed 
new home of the plant immigrant. It may require a 
knowledge of plant ecology, plant pathology, and genetics. 
Needless to say, where the greatest advances have been 
made, workers in all of these sciences pooled their efforts 
and worked toward a common objective. 

In spite of the difficulties often encountered, much 
progress has been made in many parts of the world. 
Familiar examples include the introduction of the South 
American rubber tree, H evea Brazilenses to the East 
Indies, the navel orange from Brazil to California, and 
the hard red winter wheats from eastern Europe to our 
Great Plains. These are instances of moving plants to 
new environments that are similar in most respects to 
those of their native homes. Although such an intro
duction is often followed by careful selection and improve
ment, it does not entail the many problems encountered 
in moving plants to entirely new environments. 

It would he hard to overestimate the importance of 
plant introduction to American agriculture. Crop pro
duction in the United States is based almost entirely upon 

introduced plants. Its success is due in large part to the 
fact that scientists have drawn on the whole world for 
crops adapted to the wide varieties of soil and climatic 
conditions in this country. 

None of our major agricultural crops is native to the 
United States. By far the greater bulk of our production 
is represented by crops first grown and cultivated by 
older civilizations. A few crops, such as corn and tobacco 
were being cultivated in America when the first colonists 
arrived. They had been introduced from tropical America 
by migrating Indians. But the great majority of our crops 
came to us from the Old World, at first by the colonists 
and later immigrants, bringing with them their favourite 
homeland crops, and later by efforts of the Government. 

It is noteworthy that the first appropriation ever made 
by the Congress of the Gnited States for the benefit of 
agriculture included funds for plant introduction. That 
was in 1839. Since that time, plant exploration and intro
duction has been one of the major activities of our 
Department of Agriculture. For many years the principal 
objective was to find crops that gave promise for use in 
our expanding agriculture. In the last century, many 
new crops were established in the United States by the 
introduction of plants from other parts of the world. 

Many valuable plant materials have been introduced 
into American agriculture in recent years. Some were 
only variations of what we already had. Others have 
played important roles in our breeding and improvement 
programmes. And many have fallen by the wayside as 
unfitted to our needs of the moment. 
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The ultimate value of introduced plants did not become 
apparent in the United States until about fifty years ago, 
when scientists began to apply the principles of heredity 
i11 the breeding of superior plant varieties. The discovery 
of the principles of hybridization brought new importance 
to the introduction of plants from their native environ
ment. Plant breeders begin to look to introduced plants 
as a source of superior germ plasm, seeking the right 
parentage for improved varieties that could in some 
measure overcome the hazards of weather, diseases, and 
insects. 

Plant breeders had discovered that parent stocks from 
primitive sources were the most promising for providing 
immunity to the various kinds of plant hazards. Plants 
that have existed for many years in one locality frequently 
have developed characteristics of hardiness or disease 
rtsistance that can be combined with desirable charac
teristics of strains already available in this country to 
produce superior strains or varieties. 

Alfalfa, for example, is not a native of America. One 
of the oldest of cultivated forage crops, alfalfa (meaning 
"hest fodder" in Arabic) apparently originated in south
western Asia. It was brought to this country about 1850. 

The first introductions to the western part of the new 
hemisphere were made by the early Spanish conquerors, 
Cortez and Pizarro. But it was not until the gold-rush 
days in California that alfalfa became firmly established. 
Prospectors taking the water route around the Horn 
picked up seed of the plant in Chile. Ideally suited to the 
valleys of California, the crop spread eastward rapidly. 

At about the same time a German immigrant, W endelin 
Grimm, brought ·with him to Carver County, ~1innesota, 
15 lb. to 30 lb. of alfalfa from his home in the Grand 
Duchy of Baden and made his first planting in 1858. 
This proved to be the origin of Grimm alfalfa, the first 
variety in this country that had sufficient winter hardi
ness to withstand the cold of the northern tier of states. 
This advent greatly increased the acreage importance of 
the crop. 

As a hardy perennial that would give several cuttings 
of hay each season, alfalfa by the late 1920's was growing 
on about 12 million acres of our farm land. But crowding 
into compact communities leads to peculiar problems with 
plants as with man. Where once good alfalfa persisted 
over a long period of years, the same fields began to 
decline and die after two, three, or four years. In 1925, 
scientists identified the trouble as bacterial wilt, caused 
by the organism C orynebacteri~tm insidiosum. 

Plant scientists working on the wilt problem concluded 
at an early date that the disease could not be controlled 
by cultural practices. The apparent solution of the 
problem was breeding for resistance. An evaluation of 
known varieties in this country was largely negative. 
This meant that it would be necessary to search elsewhere 
for parent material that would give the required resist
ance. 

fn 1929 plant explorers penetrated the remote areas 
of Turkistan, western China, northern India, and north
eastern Iran, where alfalfa had been growing for thousands 
of years and thus had had opportunity to build up natural 
resistance. Several strains that possessed wilt resistance, 
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including some wild types, were brought back. Then it 
became the task of the plant breeders to incorporate the 
desirable qualities of commercial alfalfas, such as Grimm 
and Common, with the bacterial wilt resistance found in 
the Turkistan alfalfa. 

Years of painstaking crossing and selection, resulted 
in the new variety Ranger, which combines good forage 
qualities with cold and wilt resistance. It is now re
cognized as an outstanding result of plant exploration 
and breeding. 

Nor was this the only benefit of alfalfa introduction. 
Another strain collected during the 1929 exploration 
proved to be resistant to the stem nematode. This minute 
pest seriously infests the soils in some of the western 
irrigated valleys. From this strain was developed a 
variety known as Nemastan, which will make alfalfa 
production again profitable in certain sections of Nevada, 
Utah, Idaho, Oregon, and California. 

So successful was this first plant expedition that an
other was organized in 1934, seeking other characters for 
the further improvement of alfalfa. In a closely grazed 
goat pasture in northern Turkey the investigators found 
a single plant that spread over an area of several square 
feet of soil because it sent up shoots from underground 
rhizomes. Here was an alfalfa that was different from 
the usual upright growth of the common types. 

The goats had eaten the plant down to such an extent 
that it was not allowed to produce seed. The plant was 
dug and carefully nurtured for the month-long return 
trip. From vegetative propagations, this plant was tested 
in several States and proved unadapted to this country. 
Again it was necessary to call upon plant breeders to 
adapt a promising plant immigrant to a new environ
ment. Kow in the nurseries of several State experiment 
stations are new alfalfa types that have the desirable 
spreading crown 'h>ith rhizomes, not unlike Bermuda 
grass. The potential value of this type of legume, adapted 
to pasture mixtures and hay, cannot he overestimated. 
But for the sharp eyes of a trained plant explorer, how
ever, we would not today possess such a promising new 
type of a very old plant. 

Resorting to primitive sources for improvement has 
not by any means been restricted to alfalfa. Here are a 
few more that are outstanding: 

The great wheat yields of recent years in the tTnited 
States can be traced to plant introduction and breeding. 
One of the reasons for high yields is that rust epidemics 
of some years ago no longer take their huge toll. The 
eradication of harberries is partly responsible, but plant 
breeding has also played an important part. We have rust 
resistance in all wheat varieties recentlv introduced into 
areas where rust is a major hazard. M~st of these trace 
this resistance back to the introduction of Tumillo durum 
or Yaroslav emmer varieties, which in themselves were 
not important but provided the needed rust resistance. 

Nearly all the recent oat varieties, which produce high 
yields because they are resistant to crown rust, trace 
their parentage hack to Victoria or Bond, introductions 
from South America and Australia, respectively. 

The rice industry of the United States consists almost 
wholly of varieties introduced or derived by breeding 
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from introduced varieties. The well-known Re4oro, For
tuna, Nira, Caloro, Calusa, and Calady were developed 
from rice introductions. 

The million-dollar seed-flax industry of California was 
made possible by the distribution of two varieties
Punjab and Abyssinian Yellow-which were selected from 
introductions received from India and Ethiopia, respect
ively. 

In addition to alfalfa, forage-crop introductions have 
been many and varied. Their successful establishment 
has meant a considerable expansion of the livestock in
dustry. 

Ladino clover came from Italy in 1903 and was first 
grown widely in the irrigated valleys of the West. It is 
now becoming firmly established in pasture mixtures in 
the northern United States. Strawberry clover was intro
duced from France in 1905 and is filling the need for a 
legume on saline soils. 

In 1921 a half-ounce package of lespedeza seeds was 
introduced from Korea. It is now one of the important 
forage and soil improving crops of the United States. 
Of more recent date is sericea lespedeza, a perennial intro
duced from China, which has rapidly marched into favour 
in the south-eastern part of the United States. 

A list of other grasses and legumes introduced in the 
last forty years contains the familiar names of Austrian 
Vlinter pea, Hungarian vetch, crotalaria, kudzu, Sudan 
grass, crested wheatgrass-the last two important in the 
drier regions-and Centipede, Dallis, Bahia, Napier, 
Rhodes and Pangola grasses. Bermuda and carpet grasses 
became established from earlier introductions. 

The Washington navel orange, introduced from Brazil, 
and the Meyer lemon from China, are notable contribu
tions to the citrus industry. 

Such speciality crops as avocados, dates, Quetta nec
tarines, pistachio nuts, tung nuts, and blight-resistant 
Chinese chestnuts owe their existence in this country to 
a planned introduction programme of the United States 
Department of Agriculture. 

This is only a partial list of foreign crops that are now 
.growing successfully in this country. Nor has plant ex
ploration and introduction been confined to crops of 
foreign origin. Many crops native to this hemisphere have 
received literal "shots in the arm" from the importation 
of new germ plasm. 

A typical example is the tomato. Commercial varieties 
some years ago were attacked hy a soil-borne disease, 
fusarium wilt. We obtained from Peru a wild species no 
larger than a cherry but possessing the needed resistance 
to wilt. This resistance has been incorporated by hybri
dization with commercial varieties and released to growers 
in the form of the new variety Pan America. 

Potatoes are still another example. Some of the best 
parent lines now being used in the National Potato 
Breeding Programme, because of their resistance to scab 
and other diseases, came from Germany before the be
ginning of the Second World \Var. 

The introduction of plants from foreign lands has been 
one of the most fundamental factors in the agricultural 
development of the United States. New plant materials 

will continue to be of vital importance in meeting new 
situations and problems as they arise. 

Our present crop plants are by no means a haphazard 
conglomeration inherited from our ancestors. They have 
outstanding characteristics which have caused man to 
choose them from among the thousands. 

We have done well with the plants we brought with us 
from the Old \Vorld. For a large part of the north-eastern 
United States, with a climate much like that of Europe, 
our present needs are reasonably well satisfied. Here 
plant introduction is mainly concerned with bringing into 
the country new strains and varieties for the plant 
breeder to improve what we have, either in higher yield 
or resistance to pests and diseases. But in our South-east 
and over great portions of the western part of our country, 
climatic conditions are so different that our common 
European crops do not thrive. To satisfy the needs of 
these areas, we must introduce cultivated or wild material 
from other parts of the world where conditions are nearly 
similar, or search among the native plants for promising 
types worth domesticating. 

The Government of the United States operates an 
organized programme for gathering plant materials from 
all parts of the world. A continuous and active exchange 
with foreign research workers and institutions brings in 
the greater amount from day to day. Direct purchases 
from seedsmen and nurseries account for additional 
strains and varieties of cultivated materials .. But the 
potentially most important and the hardest to obtain are 
the wild plants of foreign regions which are related to our 
important crops and may have characteristics needed to 
extend their adaptability and vigour, or which in them
selves may become new crops to complement what we 
have. The procurement of such material usually requires 
specially planned explorations. Expeditions are sent to 
parts of the world where promising plants might be found. 
The explorer searches for specific plants, but he also sends 
back other materials he finds that he thinks may be of 
value in the United States. 

Since the close of the Second World War the United 
States has given increased effort to the gathering of new 
plant materials from various parts of the world. A net
work of plant introduction stations is being organized 
throughout the United States in various soil and climatic 
conditions so that new plants can be given a fair trial 
under a variety of conditions as quickly as possible. 

During the past two years five expeditions have been 
sent to various parts of the world. More than 7,000 
separate collections of new plant materials have been 
introduced into the United States from these expeditions. 
They include cereals, fruits and vegetables, forage plants, 
cotton and other fibres, potatoes, peanuts, specialty crops 
and sugar. The expeditions may be described briefly as 
follows: 

1. India. Primarily for the collection of high altitude 
cereals in the Himalayan range of mountains for use as 
possible winter cover in the United States. Among other 
objectives on this expedition are the following: oil-pro
ducing plants, Psyllium plantago, guar, cotton, southern 
warm types of soybeans, disease-resistant strains of 
Cucurbitaceae. Dr. Walter N. Koelz has conducted this 
work. He spent fifteen months in the field. 
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2. Mexico: potatoes. lJnder the leadership of Dr. Dono
vm S. Correll, a three-months expedition was made in 
tle mountainous region of southern Mexico to obtain wild 
species of tuber-bearing Solanums for the use of potato 
breeders in developing disease resistance to certain serious 
pltato diseases now present in the United States. Results 
fiOm previous introductions had shown that promising 
material might be obtained from this part of Mexico. 

3. Guatemal(h~fexico: cotton. Dr. J. 0. Ware of the 
lnited States Department of Agriculture and Mr. C. W. 
l\1 anning, College Station, Texas, covered the northern 
petrt of Guatemala and southern Mexico for slightly over 
three months collecting wild and locally-grown species of 
varieties of cotton. This area of Central America is 
considered to be the centre of variation for Upland cotton, 
the major type of cotton grown in the Gnited States. 

4. So~dh America: peanuts and forage plants. lJnder the 
leadership of Mr. J. L. Stephens, Tifton, Georgia, ac
companied by Mr. William Hartley of Australia, an ex
p:dition spent approximately six months in northern 
Argentina, Paraguay, Uruguay and southern Brazil col
lecting wild species and peanuts and forage plants in this 
area which is the centre of origin of the genus Arachis to 
which the peanut belongs. 

5. Turkey: general objective, the introduction of new plant 
m,zterial for indztstrial and other purposes. Dr. J. R. Harlan 
from Woodward, Oklahoma, has completed an expedition 
which took him into every province of Turkey. His in
structions for this particular expedition were to pick up 
everything he could find, both cultivated and wild, that 
appeared to him to have potential value in some way in 
the United States. This broad assignment was given to 
Dr. Harlan because Turkey is one of the most important 
centers for the agricultural crops generally cultivated in 
the lJnited States and Europe. We might expect from the 
materials he has collected to find much of interest to plant 
breeders in the form of relict varieties and strains con
taining characteristics for our cereal and vegetable crops 
particularly, which have long since been eliminated from 
varieties that we now have in this country but which 
might be extremely valuable for present day breeding 
programmes. 
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Many nations lack the resources and facilities for develop
ing new crop varieties. The United States has these 
resources and facilities but lacks the raw materials. We 
want the raw materials from other countries while they 
want the finished product from us. 

We have the new improved varieties to offer other 
countries, but since most of our crop plants originated 
in foreign lands we have very little raw material to offer. 
During the past fifty years the United States has been 
systematically gathering raw plant materials from all 
parts of the world. Only in recent years have we been 
distributing improved crop varieties to other countries. 

Today the lJnited States has become an important 
exporter of plant materials. Requests for our improved 
varieties come from all parts of the world, the old world 
as well as the new. Requests come from pioneer countries, 
centres of early civilization where agriculture has not 
progressed and from countries where agriculture is al
ready well developed. Large quantities of seeds are being 
exported by commercial seed companies by the various 
State agricultural experiment stations, and by the Federal 
Department of Agriculture. 

Full value of our improved varieties may not be realized 
in other countries despite the large volume of seed that is 
being introduced. 

Many who receive the seed are disappointed because 
some of the improved varieties from the United States do 
not thrive as well there as they do here. They fail to 
realize that a specific variety may not be fitted to the 
new environment-to the soil and climatic conditions of 
the new home. 

The success of crop production in the United States can 
in a great measure be credited to the success of scientists 
in fitting the new varieties to our soil and climatic con
ditions. In other words, our success has been brought 
about through a high degree of crop specialization. Our 
improved varieties are tailor-made for specific soil and 
climatic conditions, and yield abundantly under those 
specific conditions. When new varieties are introduced 
into other countries specific attention must be given to 
the environmental conditions under which the variety 
thrives. 

Seed supplies from these new introductions are now The success or failure of a plant introduction in a new 
being increased. Soon scientists will have these materials area often depends on factors not at all connected with 
a\·ailable for their breeding work. These materials will the value of the plant. The introduction of sericea lespe
p!ay a vital role in the development of new and improved deza into the United States demonstrates this point. 
crop varieties of the future. Possibly a new crop may be The records show that in 1896 a professor brought seed 
found for American agriculture. It is too early yet to of this species into North Carolina, but nothing developed 
predict the final results from these recent expeditions. from it. Seed of sericea lespedeza was sent to the United 

It has been estimated that less than half of the world's States Government from Japan in 1899. No special value 
potential agricultural materials which could grow in the was noted from this plant when it was tested on an ex
lJnited States has had an opportunity to demonstrate its perimental farm in Arlington, Virginia. The records show 
possibilities here. The United States is looking to the that some of the seed was sent to a farmer in Tennessee. 
other countries of the world mainly for primitive stocks About twenty-five years later a Tennessee farmer ob
of plants. We are not looking for new improved varieties. served a "weed" that had spread along the banks of a 
We want to find characteristics in plants that have been creek. Cattle ate it and when a field on which this "weed" 
ca,;t aside. Plant breeders in the United States want these had grown for a time was ploughed, crops were better. 
materials to develop new or improved crop varieties. This is a poor land section and any "weed" that made 

While the United States is looking to other countries feed and helped the land was appreciated. Close in
mainly for "raw" plant materials, most other nations are vestigation revealed that this "weed" was sericea lespedeza 
looking to the lJnited States for new improved varieties. and the farm where it was gro·wing was located only two 
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miles from the farm where a part of the original seed from 
Japan was sent by the United States Government. 

This incident made a good story that was circulated 
far and wide. The publicity resulted in wide-spread testing 
of sericea lespedeza as an economic plant. These tests 
proved it to be a valuable plant adapted to a wide area. 
It is grown extensively in south-eastern United States 
today. But, if it hadn't been for the accidental reoccur
rence of this plant in an environment where it reproduced 
itself as a wild plant for twenty-five years, sericea lespedeza 
might have remained unknown to American agriculture. 

This is a case where the plant was so adapted to the 
environmental conditions that it survived despite the way 
it was handled. Very few introduced plants are that well 
adapted to their new home--especially not the improved 
varieties from American agriculture. 

Many of our new crop varieties produce so well for us 
because they are highly domesticated to our conditions. 
When a plant grows wild it has considerable elasticity to 
environmental conditions. That elasticity is reduced with 
domestication. Our improved varieties of cereal crops are 
the most domesticated of all economic plants in American 
agriculture. They thrive under a very narrow range of 
environmental conditions. They are the most difficult to 
introduce directly into the agricultural systems of other 
countries. 

Forage crops grown in the United States are less 
domesticated, and are quite elastic to environmental con
ditions. They offer the greatest opportunity for intro
duction directly into agricultural systems of other coun
tries. 

Many of the crops in American agriculture, especially 
the cereal crops, need to be fitted to soil and climatic 
conditions of other countries. For best results these plants 
need to have characteristics from locally-grown crops 
bred into them through systematic plant breeding work. 
Therein lies one of the greatest opportunities for other 
nations to capitalize on the superior crop varieties from 
the United States. 

There are other opportunities, too. If more information 
were available, on comparable soils and climatic condi
tions in various parts of the world, there would be greater 
possibilities for direct use of American improved varieties 
in agriculture of other nations. Much of this soil and 
climatic information is available, but it is not assembled. 
.Much could be accomplished by bringing this information 
together, and gathering it where it is not available. 

Countries receiving plant materials from the United 
States could contribute considerably to this objective by 
reporting results from the introduced materials. As it is 
today we ship large quantities of plant materials to 
foreign lands but seldom learn about how they grew. 
Without those reports scientists in the United States are 
not in position to recommend for other countries, with 
similar soil and climatic conditions. 

All nations should be encouraged to step up the rate of 
exchange of plant materials. By so doing they may make 
new discoveries for their agriculture. New plants intro
duced into the proper environment have an exceptional 
opportunity for success. Such introduced plants are freed 
from their natural hazards. They are not subjected to the 
insects and diseases that prey on them in their natural 
habitat. 

In conclusion, I should like to repeat that the United 
States has been the beneficiary of an international ex
change of plants for the last hundred years. Our agri
culture has been incomparably enriched by this exchange. 
We are happy to reciprocate by exporting seeds of our 
improved strains and varieties, and this movement is well 
under way. Because we have developed many varieties 
to fit the needs of a particular area of our country, it is 
very important for those who import seeds from the 
United States to make carefully prepared plans for using 
these seeds. Manv of them have a rather narrow limit 
of usefulness. Pl~nt breeding work will be necessary in 
other countries to combine local adaptation with some of 
the good characters we have bred into our crops. Only in 
this way will our debt to the Old World be fully repaid. 
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The Improvement of the Yield of Cereals in Sweden Due to 

Plant Breeding 
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A. AKERMAN 

ABSTRACT 

During the period of 1885-1935 the acreage yield increase in Sweden has been 68 percentfor winter wheat, 28 per cent 
for spring wheat, 36 per cent for winter rye, 36 per cent for barley and 37 per cent for oats. As the Swedish Seed 
Association, Svalof, and its branch stations all over the country are still testing the old indigenous, unbred varieties 
side by side with the new breeds, the contribution of plant breeding to the mentioned increase in yield can be estimated 
at the following percentages: 30, 12, 15, 12 and 12, respectively. These figures clearly prove the great value of an intensive 
scientific activity in plant breeding. In the small country of Sweden the annual profit from agricultural plant breeding 
is to-day estimated at 100 to 150 million Swedish crowns. There are good reasons to believe that Swedish plant 
breeding will also continue to give rise to successive improvement of the growing material in the near future, in spite 
of the high standard already attained. The reasons for this prophecy are discussed in the second part of the paper. 

INTRODUCTION 

In a world in need of food, vegetable products will play 
the most important role. As the cereals are dominant 
representatives among these, an increased yield of cereals 
will be a prerequisite for meeting the demand for food by 
the steadily increasing population of the world. In order 
to meet these demands as quickly and as completely as 
possible, several different possibilities must be tried. 
Tims, more land must be laid under the plough. But it is 
just as important to preserve all cultivated land from 
impoverishment followed by erosion, etc. This requires a 
well-planned and sufficiently varied crop rotation. In 
regions given up too onesidedly to the growing of grami
neous crops, leguminous plants such as soya, peas, lupines 
and beans must be introduced. Often more drastic 
changeover to other restorative plants such as root crops, 

. potatoes, etc., >vill also be necessary to preserve the culture 
and the structure of the soiL The mechanical problems 
still unsolved in connexion with a proper rationalization 
of the management and yield of these crops will surely 
be cleared up in the near future. 

If we are to preserve our fields, at least by up-to-date 
standards, we must also take care to return the same 
quantities of nutritious substances as are taken out of the 
fields with every harvest. An optimal use of fertilizers, 
micro-elements here included, is not reached even in the 
northwestern countries of Europe where the manurial 
treatment of the fields seems to be more advanced than 
in most other countries. For Sweden, for example, I made 
in 1946 (1) 1 together with Mr. 0. Franck, Principal Agro
nomist, an official investigation of these problems which 
showed that the Swedish harvest and not least that of the 
cereals could be quite considerably increased by a rational 
use of larger amounts of manure, on the basis of the price 
level at that time. 

Another extremely important way to increase the yield 
of cereals, as well as of all other cultivated plants, is to 
improve the material grown by plant breeding, followed by 
appropriate adaptation to the different regions. Even 
if the value of plant breeding is quite well known to 
agricultural experts, it may perhaps be of some interest 

1 Numbers within parentheses refer to items in tbe bibliography. 

to illustrate this fact by some figures obtained under 
conditions in Sweden, where the breeding of cereals is 
more than si.xty years old. Before going into details I 
also want to lay stress on the fact that plant breeding 
from the national economic point of view is the cheapest 
way to improvements and, in several countries, the only 
one independent of foreign currency reserves, a condition 
unfortunately of much importance nowadays. 

IMPROVEMENTS Df GRAIN YIELD OBTAINED 

UP TO NOW IN SWEDEN WITH PLANT BREEDING 

Due to quite good agricultural statistics it is possible to 
obtain a fairly correct idea of the magnitude of yield in
crease in Sweden since the 1880's when a more pro
nounced rationalization of Swedish agriculture began. In 
Table l this increase is given for the more important 
cereals up to the middle of the 1930's, since the period 
during the Second World War is rejected as more or less 
abnormaL 

Table 1. Yield Increase in Sweden During the Years 
of 1885 to 1935 

Yield increase 
Crop 

Kg.fhectare Per cent Kg) hectare Per cent 
·winter wheat 945 68 420 30 
Spring wheat 395 28 170 12 
Winter rye 505 36 210 15 
Barley 530 36 180 12 
Oats 480 37 160 12 

The figures for the total yield increase are derived from 
the official statistics of agriculture, while the contributions 
due to plant breeding have been directly estimated at the 
Swedish Seed Association and its branch stations all over 
the country. This estimation has been possible because 
the old, indigenous, unbred varieties are preserved and 
still tested side bv side with the new breeds, thus acting 
as historical checks in the trials. 

As is evident from Table 1, the improvement due to 
breeding is most pronounced for winter wheat, here 
reaching 30 per cent. The best results have been gained 
for the southernmost part of the country with its more 
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favourable climate, and here the best varieties outyield 
the old unb'red ones by 35 to 40 per cent. In the northern 
districts of the wheat area the corresponding figure is 
only 10 per cent. 

The improvement of spring wheat is estimated at 
12 per cent. When some of the very new varieties (Wei
hull's Karn II, Sval6f's Ella, etc.) become more generally 
grown, the figure will probably reach 20 per cent. 

In south Sweden the newlv-bred varieties of winter 
rye outyield the old indigenous rye by about 35 per cent. 
There are, however, reasons to suppose that between 
1R60 and 1890 several varieties of higher yield had al
ready been imported into the southernmost provinces of 
Sweden. Because of that, the improvement due to Swedish 
plant breeding has only been estimated at 15 per cent, a 
figure corresponding well with the comparisons between 
old unbred varieties and new breeds in other parts of the 
country. 

The figure of 12 per cent given for barley calls for no 
comment. As regards oats, a comparison with the old 
unbred varieties will give about 15 per cent. Even in the 
1880's, however, the German Probsatier oats were im
ported and grown, representing a certain improvement 
on the old Swedish varieties. For that reason the advance 
due to oat breeding has been estimated at 12 per cent. 

In these calculations no consideration has been taken 
of the straw yield. Nor has increased yield due to plant 
breeding been obtained. Indeed the straw yield has rather 
decreased, as the breeding has aimed at a shorter straw 
in order to obtain increased strength. 

Attempts to obtain for other agricultural plants similar 
figures for yield increase due to breeding have not given 
any exact results, as it has not been possible to make 
direct comparative tests as with cereals. There is no 
doubt, however, that the breeding of these crops also has 
resulted in a considerable improvement of the yield. 

The above calculations, taken with all reserves, thus 
give the result that plant breeding is responsible for be
tween one-half and one-third of the total yield increa.se 
per acre of the cereals during the last fifty years. Besides 
a rise in yield there are also a number of other properties 
that have been improved. Thus the quality and especially 
the reliability (resistance to disease, wide adaptation, etc.) 
have been considerably improved. Increased winter 
hardiness or earlier ripening induced by plant breeding 
will often be prerequisites for even growing that special 
crop under severe conditions. In a country like Sweden, 
where most of the agricultural crops have their northern 
limit of growing, such considerations are very important. 
Further, improved strength of straw, resistance to shatter
ing and sprouting, etc., are prerequisites for a rational use 
of fertilizers and machines. It must be pointed out, how
ever, that this contribution of plant breeding is not in
dependent of other improvements in agriculture. Without 
a high standard in other branches of agricultural progress 
also, the new high-bred material cannot be used to full 
advantage. 

The part of the yield increase not attributable to plant 
breeding seems in Sweden to be mainly due to increased 
manuring, especially with artificial fertilizers. In the 
purely agricultural districts of Sweden at least, other 

factors such as intensified soil treatment, drainage, controls 
of weeds and diseases, etc., seem to have played a relatively 
subordinate role. This must be explained by the high 
standard of cultivation, the well-planned rotation of crops 
and the careful management practised before plant 
breeding was started in the 1880's. Another circumstance 
worth mentioning in this connexion is the more and more 
common elimination of the fallow from the crop rotation 
during the discussed period, an evolution counteracting 
to a certain extent the effect of heavier dressings. The 
increased yield attributed to the use of artificial fertilizers 
has in Sweden been estimated at 28 per cent for winter 
wheat, J 3 per cent for spring wheat, 17 per cent for winter 
rye, 13 per cent for barley and 14 per cent for oats. 

It also may be of interest to present some figures from 
the tests at the Svalof experimental station, as one and 
the same variety has been tested there over a very long 
period of years. Thus, Victory oats have been included 
in the trials since 1900. As the test deals v.ith only one 
variety and the oat tests have always taken place after 
the same preceding crop (root crops), the influence of 
other yield-increasing factors will clearly appear. From 
a study of Table 2 and the diagram showing the grain 
yield of Victory oats at Sval6f the increase of the yield is 
quite evident. But this increase does not run continuously. 

Table 2. Grain Yield of Victory Oats in the Tests at the 
Swedish Seed Association, Sva1of, 1900-1942 (excl. 1908) 

(in kilogrammes per hectare) 
Year Yield Year Yield Year Yield 
1900 . 2,920 1915 . 3,090 1929 . 4,940 
1901 . 4,300 1916 . 4,570 1930 . 3,990 
1902 . 4,440 1917 . 2,675 1931 . 3,940 
1903 . 3,410 1918 . 3,050 1932 . 5,460 
1904 . 3,710 1919 . 4,230 1933 . 3,830 
1905 . 2,533 1920 . 3,440 1934 . 4,380 
1906 . 4,654 1921 . 3,365 1935 . 4,600 
1907 . 4,280 1922 . 4,045 1936 . 4,285 
1908 1923 . 4,220 1937 . 3,390 
1909 . 4,350 1924 . 3,270 1938 . 5,280 
1910 . 3,750 1925 . 3,970 1939 . 4,040 
1911 . 3,619 1926 . 3,110 1940 . 4,345 
1912 . 4,220 1927 . 3,990 1941 . 2,700 
1913 . 4,240 1928 . 5,010 1942 . 4,340 
1914 . 2,560 

M 1900 to 1942 3,918 kg./hectare (43 years). 
M 1900 to 1927 3,704 kg.fhectare (28 years). 
M 1928 to 1942 = 4,302 kg.jhectare (15 years). 

In the years 1927 and 1928 a well-marked advance 
occurred. A calculation of the trend for the period of 
1900 to 1927 does not reveal any improvement in the 
yield, the value obtained being even negative although 
with too high a mean error to be significant (-6.6 =~ 16.1 kg. 
per year). The average grain yield for this period is 
3,704 kg., a fairly good harvest. 

For the years 1928 to 1942 the yield is considerably 
higher, however, reaching an average figure of 4,302 kg. 
Even here the trend is negative, largely due to the ex-
tremely poor harvest of 1941 (-62.3 40.9 kg. per year). 
The difference between the two series in this case, easy 
to explain. In the year 192R the ration of nitrogen fertil
izers to the oat-field was increased from 0 to 100 kg. per 
hectare to 200 to 300 kg. Without doubt this increase of 
the nitrogen ration by up to 200 kg. is responsible for the 
main part of the yield increase. From the very compre-
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ht'·nsive combined variety nitrogen dressing experiments 
carried out at SvalOf (2) just the same yield increase can be 
rEckoned on as is the effect of 200 kg. of nitrate. 

The same results have been obtained from correspond
ing data for other varieties that have been tested at 
S'·alof over a very long period of years (e.g., Golden Rain 
oats I, Golden barley). 

From the above, it is evident that the harvests per acre 
of cereals in Sweden have been considerably increased 
during the last six decades. Especially evident is the great 
practical value of the scientific and research work con
cerning plant breeding and soil nutrition. The contri
butions of other culture-increasing factors must, of course, 
also be credited. On good soils, highly cultivated from 
ar:cient times, however, these seem to have little or very 
slight influence on the improvement of the yield. On soils 
originally badly drained and otherwise more or less un
cultivated, the contribution of these other factors will 
naturally be increased. On poor soils the highly prolific 
varietie; of today have more difficulty in asserting them
selves. The progress due to plant breeding for the country 
as a whole has for that reason been somewhat lowered in 
comparison with the actual figures obtained at the trials. 

The great improvement in the yield per hectare of 
cereals has naturally been accompanied by corresponding 
advances in other agricultural plants. Table 3 will give 
some idea of this increase for two other important groups 
of plants, viz., root crops and herbage plants. The harvest 
is given in a comparable yield unit, mainly based on the 
nutritive value and with 1 kg. of grain as the basis. In 
the early 1880's the average yield per hectare per year, 
estimated on the total field area of Sweden, wasl,469units; 
fifty years later (1936-1940) the figure had risen to 
2,207 units, an increase of 50 per cent or about l per cent 
per year. In reality this advance is still more pro
nounced, as no consideration has been taken of the 
simultaneous increase in the quality of the harvest, es
pecially that of the herbage plants. 

Table 3. Yield in Harvest Units per Hectare 
Root Herbage Total 

Per year Cereals crops plants field area 
1881-1885. 1,788 1,887 1,566 1,469 
1886-1890. 1,796 2,138 1,329 1,437 
1891-1895. 1,839 2,496 1,504 1,537 
18H6-1900. 1,805 2,653 1,585 1,501 
1901-1905. 1,747 2,906 1,464 1,515 
1906-1910. 2,085 3,604 1,899 1,898 
1911-1915 0 2,028 3,824 1,782 1,869 
1916-1920. 1,851 3,699 1,541 1,700 
1921-1925. 2,070 3,721 1,732 1,884 
1926-1930. 2,232 3,820 1,991 2,068 
19::1-1935. 2,358 4,920 1,958 2,191 
19i:0-1940. 2,325 5,237 1,952 2,207 

Here it also mav be of some interest to draw a com
parison between the fluctuations of the population and 
tht· increase in crop yield. In the 1880's the Swedish 
population reached an average of 4,676,000 inhabitants 
and in the 1930's, 6,276,000. As the total yield per year 
for the former period was 5,400 million units and during 
th<' latter 8,800 millions, the number of yield units per 
individual per year will be 1,155 and 1,402, respectively. 
From this calculation it is evident that the increase of the 
ha;·vest not only balances that of the population but also 
giyes a surplus, considerably improving our possibilities 

AKERMAN 

of being self-supporting. In addition the quality of the 
agricultural products has been improved in several cases. 

THE POSSIBILITIES OF FL'RTHER IMPROVEMENTS 

IN THE YIELD OF CEREALS 

In countries like Sweden with all cultivable land al
ready under the plough, three factors, viz., plant breeding, 
heavier dressings and the different ways of physical soil 
improvement, have been found to be the main agencies 
man is able to employ in attempts to insure a sufficiency 
of food. Here I will mainly discuss the possibilities of 
increasing the crop yield and especially that of cereals by 
means of the first of these factors, plant breeding. It must 
also be pointed out, however, that considerable improve
ments will be reached by introducing, for example, a more 
rational soil fertilization. In Sweden it has been calculated 
that even twice the present consumption of artificial 
fertilizers derived from nitrogen, potassium and phosphor
us will still be economical because of the considerable 
increases in the yield. 

A more intensive use of plant breeding will, however, 
not give so rapid a result. Generally it takes quite a long 
time to achieve a definite practical improvement. This 
depends on the fact that most of the characteristics of 
practical importance such as yield, strength of straw, 
hardiness and quality, are extremely complicated in their 
inheritance and regulated by an enormous number of 
genetic factors. Therefore, it is usually impossible to 
achieve the whole aim through one single cross followed 
by selection. A comprehensive crossing programme, 
planned step by step, is generally necessary. Several 
examples of this fact can be cited from practical plant 
breeding. A nearly classical example is the Swedish 
breeding of winter wheat. The main problem right from 
the very beginning in 1886 was to combine the high 
winter-hardiness and the good baking qualities of our 
indigenous land varieties with the high-yielding capacity 
of certain West European varieties, e.g., the English 
Squarehead wheat and the Dutch Wilhelmina wheat. In 
spite of considerable improvements already achieved, 
which are to-day responsible for an increase of the Swedish 
harvest of winter wheat by about 30 per cent, we are, 
sixty years from the start, still far from the theoretically 
estimated final result, which is a wheat of hardiness equal 
to our old indigenous wheat but with 50 per cent higher 
yield of grain. 

As a result of progress in modern genetics during the 
last two or three decades, plant breeding is now trying 
quite new methods for further improvements of yield, 
viz., polyploidy and artificial induction of mutations. 
Both these new methods already give promise of several 
interesting and practical results, some of which will soon be 
marketable. But they have also proved to be more of a 
source for increasing the variation, for producing new 
"raw material", than an accomplished method of breed
ing. Here, too, the results can only be expected gradually. 
Thus plant breeding is still a work of patience with distant 
aims. The Swedish breeding work, with an experience of 
more than sixty years, has clearly proved the great value 
of intensive scientific activity in this branch. In the small 
country of Sweden the annual profit from agricultural 
plant breeding is to-day estimated at 100 to 150 million 
Swedish crowns. 
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I will now try to discuss the possibilities of Swedish 
agriculture achieving further increase of yield, especially 
with respect to cereals. For winter wheat the yearly 
improvement of the yield per acre during the last six 
decades has been about 20 kg., as shown above, mainly 
due to plant breeding and manurial dressings. Can these 
considerable advances be maintained? 

There are several reasons to believe that this will not 
be the case. The yet unexplored potentiality for addition
al yield from higher rations of fertilizers cannot be very 
great. Wheat has from the very beginning been the most 
carefully managed grain crop. Fallow followed by a heavy 
dressing of farmyard manure preceding the sowing of 
winter wheat-a routine now less and less practised-con
stituted the conditions commonly prevailing in former 
times, thus already implying very favourable nutritive 
conditions. With the very stiff-strawed varieties of to-day, 
however, it is possible to raise the limit of economical 
dressing to a certain extent. The advances made in the 
future breeding of winter wheat will for similar reasons 
be more and more hard-earned. Still, good results are to 
be expected and especially for central Sweden several 
highly improved varieties have recently been created 
(Castle, Virtus, Aros, Odin, Ergo II, Robur). Owing to 
a change in the climate towards more severe winters, the 
breeding for high yield must perhaps be less accentuated 
than before. Any prediction of the annual increase in the 
yield of winter wheat for the near future will thus be very 
delicate. It is probably advisable to anticipate an increase 
of not more than lO kg. or maybe Hi kg. per hectare per 
year or 0.5 to 0.8 per cent. Of this, half is estimated as 
due to plant breeding, the other half to heavier dressings 
and other soil improvements. 

impossible to give. When diploid and tetraploid rye are 
grown close to each other the more competitive pollen of 
the former will prevail, forming abortive triploid embryos 
in the tetraploid flowers and thus decreasing the yield. 
Whether this finding will also have consequences in 
practical agriculture with large compact fields of each 
species has still to be learned. 

Dr. A . .:Yfiintzing, who has extracted the new tetraploid 
strains, calculates on at least 5 to 10 per cent higher yield 
from the tetraploids, as judged from indirect comparisons 
with wheat as checks. It ought, however, to be pointed 
out that the purposeful breeding of tetraploid rye is actu
ally only beginning and considerable additional improve
ments are to be expected. Besides, the breeding of diploid 
rye is still proceeding and promising results are to be 
expected, especially for north Sweden. 

The breeding of polyploids has also been tried with 
barley at Svalof but with less success. If this method is 
at all realizable for barley we will still have to wait several 
years before any practical results can be achieved. In the 
near future we shall certainly have to trust in the con
tinued breeding of diploid barley only. From what we 
know of our breeding material, the additional yield of 
the two-rowed barley of south and central Sweden will 
probably amount to 0.4 per cent per year within the next 
decade. The corresponding figure of the north Swedish 
six-rowed barley may be estimated at l per cent per year. 
Together with an increase of the yield due to higher 
dressings, we may estimate the total improvement in the 
Swedish harvest of barley after a decade at 6 to 7 per cent 
or about 12,000 tons if the acreage remains unchanged. 

Further increases in the yield of oats will be very 
difficult to predict. As the oat crop is the least exacting of 

For spring wheat the prognostics can be more opti- cereals and the extent of its growing is slowly decreasing, 
mistic. Firstly, in recent years varieties have appeared the Swedish farmers often allot it the more unfavourable 
with sufficient strength of straw and capable of giving full fields and position in the rotations. If this evolution keeps 
returns from high rations of nitrogen. Also other im- on it may considerably counteract any increased use of 
provements in the assortment of spring wheat are steadily fertilizers as well as often preventing advantage being 
occurring. The very promising crosses between winter taken of the whole yielding potentiality of the new breeds. 
and spring wheat aiming at an increase of the yield of the The new varieties of oats (Eagle, Sun II, Blenda) are, 
latter are only now beginning to give results (Ella, however, so straw-stiff that they will be able to pay 
Pondus). On the whole, the breeding of spring wheat has decidedly for higher rations of nitrogen than were used 
been intensified due to the steadily increased growing of earlier. For oats, the price level of fertilizers also may act 
that crop. This evolution is, on the other hand, dependent as a restriction of more influence than with the more 
on our aim to be self-supporting in wheat from the quality valuable cereals. Oat breeding is known to be hard
point of view as well. Thanks to all these attempts to earned. And from what we can judge now, any note
improve the yield of spring wheat, the annual yield in- worthy advances are not to be expected in the near future. 
crease in the near future may be calculated at about If soil improvement is able to cause 5 per cent higher 
20 kg. per hectare or somewhat more than l per cent per yield per hectare within the next decade and plant 
year. breeding 2 per cent, I think it is all that can be expected. 

For rye also, represented up to 97 per cent by the winter With an average yield of 1,800 kg. per hectare per year, 
type, there are reasons to count on a considerable im- this will mean by 1960 a yield increase of about 12 kg. 
provement of yield. By the introduction of the very stiff per hectare per year or (i,360 tons from an unchanged 
variety King II, which has been more and more commonly acreage. 
grown in recent years, rye ought to be able to pay for From the above calculations there is reason to believe 
decidedly heavier dressings of nitrogen. But the greatest that further improvements in the yield of cereals in 
contribution will certainly be made by plant breeding Sweden will be quite considerable in the near future and 
and in this special case by the introduction of artificially this in spite of the remarkable advances already achieved. 
produced tetraploids. As it is the f1rst practical result of If the calculations prove reliable the relative increase will 
induced polyploidy of cereals, it is very difficult without not amount to more than 0.5 to l.O per cent, however. 
experience to give an exact prediction of its growing In 1930 the Swedish population reached 6,162,000 in
value, especially as direct comparison with diploid rye is habitants and in 1947, 6,842,000. In these eighteen years, 

300 



PLANT BREEDING RICARDO ORELLANA 
~~~~--~------------ ----·······---·-----

tlterefore, the population increased by 680,000 or 38,000 
persons per year, approximately corresponding to 0.6 per 
c·.:nt. In quite recent years the increase has been some
'' hat higher, amounting to a good 1 per cent. Thus there 
s<·ems to be considerable agreement between the probable 
ir~crease of the harvest of cereals and that of the popula
tion of Sweden. On the assumption that the growing of 
C<'feals for bread will be performed at about the same 
rate as immediately before the Second World War, this 
means that with a "tilled area of about 500,000 hectares, 
Sweden will still be as self-supporting in bread as ten to 
twenty years before. 

As stated in the introduction, the problems concerned 
with the possibilities of increasing the world production 
of cereals are of the utmost importance for mankind's 
supply of food. Therefore, it must be a very momentous 
task for the United Nations to do all that can be done to 
augment the production of cereals. As I have shown, 
plant breeding is able to make very valuable contributions 
not only to the improvement of yield but also to the 
reliability of yield. The same good results as in Sweden 
have also been achieved in several other countries of the 
world. I think it will be enough only to mention the 
maize breeding of the United States and the spring wheat 
breeding of Canada. In several countries, however, plant 
breeding has started comparatively late and often with 
inadequate resources. In certain countries with a very 
high production of cereals which are often produced under 
uncertainty as to sale (spring wheat in Canada may be an 
example), breeding for high quality has been favoured 
before aiming at high yield. If these countries were able 
to sell their entire production easily. an unexplored po-

tentiality of yield improvement C;lil be obtained. I am 
sure that if rational plant breeding were organized in all 
countries of the world, if a sufficiently rich supply of 
artificial manure were insured, if effective control of pests 
were carried out and if regulation of water supply were 
realized, then decidedly higher harvests would be ob
tained within a few decades, thus covering at least the 
more urgent demands. It is, however, assumed that 
correct and modem methods of plant breeding are to be 
used, based on the latest results of genetics, plant pa
thology a.nd physiology. Further, organized co-operation 
between plant breeders of the different countries must be 
arranged, as well as between all agricultural scientists. 
The FAO has taken a very important preliminary step by 
promoting a world catalogue of genetic stocks. But we 
should not forget that plant breeding is a science de
manding wide personal experience for which international 
conferences, fellowships and exchanges of junior breeders 
will be very fruitful. I think it would also be a general 
advantage if plant breeding is held independent of the 
economic interests of private firms. Thus the breeder 
would be able to work solely with the high aim of finding 
the best way to help man to a sufficiency of food. 
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Crops Suitable for the Large Semi-Arid Areas in the 

State of Lara 1 

RICARDO ORELLANA A. 

ABSTRACT 

To the north of Barquisimeto lies a large tract of land, the vegetation of which has been subjected to excessive 
clearance by the local peasantry for the purpose of obtaining wood and charcoal. This semi-arid zone is suitable for 
the cultivation of some types of agave and pineapple; this has been confirmed by the small areas under cultivation 
and by studies carried out in this connexion. 

The primitive methods used by the peasants in the district could be considerably improved by making use of all 
the modern technical processes at our disposal for that purpose. 

Experiments made by the author with pineapple and sisal in this area have shown the advantage of using technical 
methods in their cultivation. 

The establishment of an experimental station and a nursery for the supply of selected seed and the study of problems 
in connexion with these crops, would be of incalculable benefit and might completely transform the region by providing 
a source of wealth which would help to strengthen the national economy and meet not only the needs of this country but, 
in part, also the demand from abroad. 

The plateau on which the town of Barquisimeto is 
situated, more exspecially to the north in the direction of 
Duaca and to the west in the direction of Carora and 
the Tocuyo, consists of vast stretches of level ground, the 

1 Original text: Spanish. 
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physical constitution of which varies from sandy-clay to 
clay-sand. 

It is a semi-arid area, where there is no surface 
water and where the rainfall varies from 100 mm. to 
500 mm. per annum, so that much of the surface has been 
considerably affected by erosion, and in the present work 
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I shall confine myself to dealing with the northern part 
which runs from Barquisimeto to near Duaca. 

The area of this zone may be estimated at over 20,000 
hectares; the altitude varies from 400 to 500 metres above 
sea-level. Clay predominates in the physical constitution 
of the ground, the pH in general is less than 7, except in 
some alkaline districts, such as the region of Carorita, 
where there are large numbers of snails. 

According to data obtained over four years by the 
author on his estate, the Yucatan ranch (Tamaca 
village), which is more or less in the centre of the zone, 
and the data obtained from the rain gauges at Barquisi
meto and Duaca, the rainfall is on an average 500 mm. 
per annum. 

The topography of the ground is fiat, with a slight 
slope from north to south. 

GEOLOGICAL FORJ\1ATIO:-<S 

There are outcrops of slate or clay schist in many areas. 
In Duaca, these outcrops form the beds of ravines in 
which water flows, and the same applies to the Tacarigua 
pass, where these formations begin to sink to a lower 
level, passing through the Yucatan ranch estate at a 
depth of more than 100 metres, and rising to a depth of 
about 15 metres in the Potrero, to produce further out
crops in the ravine of La Ruezga. 

At all these points water is to be found, running over 
a slate bed. (The artesian well at Yucatan is 100 metres 
deep and could produce water at the rate of 5 metres per 
second.) 

At some points the slate is covered by limestone rock 
(calcium carbonate) particularly in the Caiiadas, where 
the cement factory is situated. At other points it occurs 
in layers intersper~ed with superimposed banks of chalky 
sand and clay. 

For the most part, the soils in this region are of quater
nary origin, with the exception of the Caiiadas area 
mentioned above, including Cerro Gordo, which is 
cretacean. 

BOTA:S:ICAL DETAILS 

The town of Barquisimeto has for many years drawn 
its supply of charcoal and wood from this region, and the 
large number of goats in the area have helped to lay waste 
the countryside. 

The most common indigenous plants are: 

The "Cabrera" (iVIimosa Cabrera Karts), a thorny shrub 
which owes its name to the fact that it is much relished 
by goats. 

The "Arana Gato" (l'v!achaerum Humboltianum Voel) 
of the papilionaceae family. 

The "Amargoso negro", or "Amargosito", a small 
shrub of the euthorbiaceae family, which covers large 
areas of ground in this zone; it is generally believed that 
in the places where this plant grows the pineapple will 
flourish. 

A few cactaceas are found, although their numbers are 
small. Among these are the "lefaria thistle" ( Lemaireo
cereus) and a fom1 of prickly pear (Opunt£a car£baea). 

UTILIZATION OF THE ZONE 

There are numerous small villages on this wide plateau 
and many of the inhabitants derive their living from 
wood and charcoal, which they sell, chiefly in Barquisi
meto. 

In some parts there are also the typical "conucos" 
(vegetable-gardens) of Venezuela, where crops of maize, 
beans, pumpkin etc. are all sown on the same parcel of 
land. These crops are only rarely successful, when the 
rainfall permits. 

There are small areas sown with sisal and pineapple 
and a few estates where sisal is cultivated on a larger 
scale. 

CULTIVATION OF THE PINEAPPLE: SHORT HISTORICAL NOTE 

The place whence the pineapple was brought into this 
area is completely unknown. The first plantations known, 
however, were those of Senores Cruz Pena and Jose Maria 
Virgiiez, in 1872; each of these men had about 2 hectares 
of land. The price of the fruit was then so low that most 
of the harvest was used as hog feed. 

The only variety known since then is the Red Spanish, 
which grows luxuriantly and vigorously and is not 
attacked by insects or fungi which cause damage on any 
considerable scale. During a prolonged drought, how
ever, the plantations suffer from lack of water. 

The cropping system used by the peasants is exceed
ingly primitive. For planting they use the shoots which 
come up from the base of the plant; they prefer these on 
account of their faster growth since they can be harvested 
after six months. The space between the rows is from 
3 to 4 metres, and that between the plants from 1 to 
1 t metres, so that the number of plants per hectare is 
never more than 2,500. The land is not previously 
ploughed and is cultivated by hoeing. 

For two years the author has been experimenting 
with planting at a place known as Tamaca, departing 
entirely from the system used in the region; at present 
there are about 500,000 plants. 

The greater part of the crop is grown from crown shoots; 
the others are planted solely as controls. 

In the plantings carried out in 194 7, the distances were 
as follows: 

(1) 4 hectares were planted in single rows with a space 
of 1.80 metres between the rows and 0.60 metres 
between the plants. 

(2) 3 hectares were planted in single rows with a 
distance of 1.20 metres between the rows and 
0.60 metres between the plants. These plantations, 
which are now in full bearing, have given much 
better results than any obtained hitherto in the 
zone, particularly the last-mentioned, where the 
plantations stood up to the drought much better. 

After a study journey made to Hawaii, the planting 
was carried out in double rows, at the end of 1948, as 
follows: one metre between the double rows, 0.50 metres 
between the two rows making up the double rows and 
0.50 metres between the plants. 

Various tests were made with fertilizers during this 
year, using the system of "C,uadros lat£nos" ("Latin 
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S• [Uares"). The best results were obtained with Chilean 
J:Otassium nitrate. 

Amongst other hormones, 2-4-D and "Alpha Naph
t talene Acetic Acid" were used with good results. 

In the same year a test was made using mulch paper, 
which was presented free of charge by the "Paraffin 
Companies Inc." of San Francisco, California. The results, 
a,; may be seen from the photographs, were quite sur
prising, as the plants planted on this paper kept their 
wlour, developed vigorously and resisted the druoght 
period much better. 

The above-mentioned test is very important, since, as 
has been said previously, the plantations suffer very 
much during prolonged droughts. 

This is easily explained, as the paper preserved the 
humidity of the soil and regulated the differences of soil 
temperature by day and by night (these differences being 
very marked in this area), and also prevented the growth 
of weeds. 

My method of preparing the ground for these plantings 
consisted of three turns with a "Big Roman" and harrow
ing twice. 

During 1949, I have kept to the system of planting in 
double rows, with a distance of 1.20 metres between the 
double rows and 0.55 metres between each of the two 
rows making up the double rows, and between the plants. 

The foregoing description reveals how necessary it is to 
establish an experimental station and a nursery to pro
mote the cultivation of this bromeliaceous plant for 
industrial purposes and to test new varieties which may 
possibly be adapted to the zone. 

The peasants would then be able to obtain selected 
plants at low prices and would be given instructions on 
how to cultivate them. Erosion could be largely avoided, 
both because the contour planting method would be used 
and because the inhabitants of the zone would then have 
a new source of income and would abstain from clearing 
in order to obtain the wood and charcoal which have 
hitherto been their only means of gaining a livelihood. 

The introduction of new varieties of pineapple, parti
cularly the smooth Cayenne, the general use of mulch 
paper, preliminary disinfection of the land with DDT or 
any other similar preparation, the use of fertilizers in the 
light of experience and a rational use of hormones should 
be carefully studied in future projects for this region. 

CULTIVATION OF SISAL (Agave Sisalana) 
This plant was introduced into this zone by the Cam

pania del Ferrocarril Bolivar on 7 July 1913, by means 
of bulbils brought from the province of Yucatan in 
1\rexico. 

This amaryllidaceous species adapted itself exceedingly 
well to local conditions and there are now more than 
10 million plants in the zone. 

In most of the plantations there is now a distance of 
2 metres on all sides of the plant, which is equivalent to 
2 ,500 plants per hectare. 

In the plantation on the Yucatan ranch the rows are 
set 2.40 metres apart with 1.10 metres between plants, 
and lately the number of plants has been increased to 
[ ,000 per hectare. In this way I have obtained bigger 

RICARDO ORELLANA 

harvests and the condition of the plantations is perfectly 
normal. 

The largest areas of ground under sisal are those culti
vated by the small farmers, who use very primitive 
methods. They confine themselves to clearing the vege
tation with axes and machetes and then, without removing 
the roots, they plant the sisal; as a consequence of the 
ground not having been properly ploughed and the 
impossibility of using machinery, the ground keeps less 
moist in dry periods and the cost of production is very 
high. 

The early flowering observed in the past few years on 
the plantations of Agave sisalana, together with the re
duction in the amount of fibre produced and greater 
susceptibility to attacks by fungi and insects, may be 
attributed to a deterioration in the plants, since, as I have 
said before, all the existing plantations have sprung from 
a few bulbils brought from Mexico thirty-six years ago, 
and until now no methods of selection have been followed 
in growing for seeds. 

The importation of new seed is therefore essential as 
also the establishment of a plant-breeding nursery and 
experimental station the duties of which could include: 

(a) The examination of soils in the region; 
(b) Comparative studies of plants grown from bulbils 

and from shoots; 
(c) Tests with shoots of different ages; 
(d) Tests of distances between the plants, with com

parisons of the quantities produced, the quality of the 
fibre, the costs of cultivation and the length of life of the 
plant; 

(e) Experiments to ascertain the possibility of inter
calating certain types of crops in the more rainy areas, 
using for the purpose some of the principles of dry 
farming; 

(f) Tests with different fertilizers; 
(g) All possible experiments in genetics; 
(h) Experiments to ascertain the best methods in com

bating diseases and pests affecting this crop; 
(i) Study of the fibre, according to production, age of 

the plant and period of harvesting; 
(f) Experiments with other crops which are adaptable 

to conditions in the zone and offer good prospects of 
success. 

The plant-breeding nurseries and the experimental 
stations for pineapple and sisal would have the same ends 
in view and might be combined to form a single unit. 

Pineapple and sisal are indispensable raw materials for 
the establishment of large industries; these would 
strengthen the national economy and not only make a 
contribution towards meeting domestic needs, which have 
now greatly increased, but might also be undertaken with 
a view to exporting to countries needing these products. 
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Summary of Discussion 

Mr. GoULDEN presented Mr. Frankel's paper on "Devel
opment and Maintenance of Superior Genetic Stocks", 
and stated that in the absence of Mr. Frankel he would 
confine himself to bringing out the main points in the 
paper. 

Mr. Frankel first examined the question of cost-benefit 
ratio of scientific plant breeding. He cited some of the 
remarkable results which had been obtained, in particular 
with wheat and maize. He then considered the question 
of cost, stressing in that connexion that scientific plant 
breeding was probably the only method of utilizing natu
ral resources which required little effort in the sense that 
no change in management was generally required. The 
only expenditure involved was that of devising new 
techniques, which generally was very small when com
pared with the increased productivity thus obtained. In 
conclusion Mr. Frankel thought it might even be said 
that there had probably not been a single plant breeding 
scheme which-provided it had been carried out on 
sensible lines-had failed to bring a return. 

Mr. Frankel then drew a distinction between produc
tion breeding which was designed to increase the number 
of heads per plant, the number of grains per head, the 
weight of a single grain etc., and resistance breeding 
which tended, not to increase the yield directly, but to 
reduce or remove the effects of such factors as lodging, 
shedding, or diseases which reduced the yield. Conse
quently resistance breeding endeavoured to introduce in 
a given strain genes determining resistance to those 
factors, while production breeding aimed at developing 
the production genes of a particular strain. Comparing 
the relative advantages of the two types of breeding, 
Mr. Frankel stressed the fact that, from the viewpoint 
of resource conservation, resistance breeding is the more 
valuable since it ensures the safety of an investment al
ready made, whereas production breeding demands added 
investments in soil resources, labour, etc. He showed that 
production breeding raised serious difficulties in view of 
the fact that the yield characters were determined by a 
great number of genes (polygenes), while resistance 
characters were determined by a small number of genes 
(oligogenes). Mr. Frankel cited additional factors which 
made resistance breeding an easier, more economical and 
thus preferable process. 

Mr. Frankel then stressed the fact that scientific 
breeding required a wide range of species and strains in 
order that the necessary selections and combinations 
might be effected. It was therefore necessary to increase 
the available resources through research and exploration 
-particularly in little known parts of the world-and to 
preserve them for the coming generations. 

In order to be of real value to the plant breeder, how
ever, plant collections must be accompanied by comments 
and descriptions and should be classified; Mr. Frankel 
referred, in that connexion, to the important work done 
by the Soviet scientist Vavilov who had discovered the 

Frankel also noted with satisfaction the recent FAO 
proposal to set up a classified catalogue of cultivated 
plants which would cover first wheat and rice, and then 
other plants. In his view the project was very useful, 
81though it contained certain gaps which should be filled; 
first, the project made no provision for collection and 
classification in non-participating, and especially under
developed countries, which were among those possessing 
a great wealth of plant varieties. Secondly, the project 
failed to provide, or to offer assistance for the establish
ment of world collections which would afford excellent 
opportunity for observation and research. 

Mr. Goulden expressed some doubt at that point as to 
whether Mr. Frankel's objections were fully justified. 
On the one hand, it was likely that the different countries 
would continue to send out groups of specialists to explore 
the plant resources of under-developed countries and that 
every interesting species or variety which might be dis
covered would be classified in the FAO catalogue; on the 
other hand, the organization of world collections of plants 
did not seem to fall within the scope of FAO. According 
to its recent scheme, the FAO would encourgae research 
by national institutes and record the results obtained bv 
them, thus acting somewhat as a research and info;
mation centre. 

Returning to the paper which he was summarizing, 
Mr. Goulden indicated that Mr. Frankel listed and de-
scribed the various processes used in scientific plant 
breeding: inbreeding, combining strains of cross-fertilized 
species, induced mutation, chromosome doubling, species 
combination, and so forth. 

Mr. Frankel also dealt with the purity concept which 
in his opinion could be carried too far. Mr. Gouldon did 
not entirely agree with Mr. Frankel on that subject; 
Canadian plant-breeders had obtained excellent results 
by trying to maintain the purity of strain in grains. In 
his view it was normal that plant breeders who had ob
tained a particularly satisfactory strain should endeavour 
to protect it from contamination; it was difficult, of 
course, to preserve uniform purity in agriculture unless 
there was a very strict system of control and certificates 
for the production of seed for sale. 

Mr. Frankel concluded his paper with some observations 
regarding scientific breeding of certain plants, in parti
cular forest trees, which had hitherto been neglected; he 
stressed that the scientific breeding of such plants must 
be intensified. He also referred to the considerable 
progress which might be attained in under-developed 
countries through plant breeding; indeed, improvement 
in the yielding capacity of basic crops would have a 
profound effect on the nutrition of the vast populations 
of those regions. He mentioned in particular the case of 
the wheats grown in China which were especiallv prone· 
to shed their grain; it was a problem requiring S' ndv and 
research. 

importance of the "centres of origin", i.e., areas where Mr. HuDSON summarized the paper submitted by Mr. 
cultivated plants originated and evolved, and where the Robb, entitled "Development and Maintenance of Su
greatest density of variation was currently found. Mr. peri or Genetic Stocks". The first part of the paper dealt 
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with experiments on scientific cultivation of some of the 
principal plants undertaken at the Scottish Plant Breed
ing Station. The second part of the paper contained 
certain genetic contributions and it discussed in general 
ttrms the need to have as extensive a selection as possible 
of useful varieties and species available for breeding 
p-ctrposes. In the first part of his paper, Mr. Robb con
sidered first the work done on cereals, and particularly 
oats, with a view to obtaining varieties in which high 
yields, early ripening, resistance to disease, to sprouting 
in the stock, etc., were important characteristics. The 
paper also described the collection of cereals maintained 
by the Scottish Plant Breeding Station and advocated 
that a number of institutes should each maintain a re
presentative collection of cereal varieties adapted to con
ditions in the countrv in which the institute was situated. 
Mr. Robb then emimerated the results obtained with 
field beans, potatoes, herbage plants, brassica and beta 
crops. He showed that in general it was difficult to main
tain artificial strains in a pure state in cross-fertilized 
species and added that it was more important to main
tain the genes than a particular combination of genes. 

)Ir. Hudson then summarized the paper submitted by 
the Institute of Plant Breeding, Wageningen (Kether
lands). The paper was entitled "Notes on Developing and 
Maintaining High-Yielding Crops". It first described 
some of the methods used in the Netherlands to test 
cereals for winter hardiness, particularly that involving 
the use of freezing chambers. The paper then described 
the colchicine treatment which was used to obtain poly
plaids of barley, rye and flax plants, but pointed out that 
the polyploid plants thus obtained had not proved su
perior to others. The paper also dealt with experiments 
carried out to cross domestic potatoes with wild or semi
wild species with a view to developing disease resistance, 
and with methods to intensify the flowering of the 
"Bintje" and "Eersteling" varieties of potatoes (cleft 
graftage on tomato plants and the tuber removal 
methods.) 

The paper concluded by describing the various methods 
used to determine the alkaloid content in fodder lupin. 

The CHAIR:IIAN said that he would summarize the paper 
submitted by Mr. Pal on the "Development and Mainte
nance of Superior Genetic Stocks at the Indian Agri
cultural Research Institute". 

That paper emphasized the importance that collection 
of plant material held for the breeder in his research and 
experimental work. Referring more particularly to the 
collection of plant material established by the Division 
of Botany of the Indian Agricultural Research Institute, 
the author described the methods used to maintain those 
collections particularly those of wheat, maize, potato and 
sugarcane. He emphasized the importance of publishing 
the catalogue proposed by the FAO and indicated the 
work done in India to introduce in the country useful new 
species and varieties. -

lV1r. GoULDEN submitted his report on the "Canadian 

SUMMARY OF DISCUSSION 

FAO countries. Besides wheat, the system was being put 
into operation for oats, barley, flax and peas. 

:VIr. Goulden described in detail the various functions 
of different scientific plant breeding stations and the 
Cereal Division of the Department of Agriculture in which 
all operations were centralized. The Division received 
seeds of every useful strain discovered or bred by the 
scientific plant breeding stations, together with a record 
of the observations on each variety; it experimented with 
that variety in its own nurseries (in Ottawa and British 
Columbia), kept part of the seeds thus obtained (planting 
them in their turn every three years) and supplied seeds 
to plant breeding stations which needed them. Mr. 
Goulden also gave an account of the methods used in the 
nurseries of the Cereal Division, adding that the system 
would be changed if necessary in the light of experience. 
Indeed, there were some problems to be solved. Should, 
for instance, the plots allocated to each variety be larger 
in size? Should experiments be made with plants to 
determine their resistance to diseases, and what methods 
should be used with land races? 

lV1r. K:NGDSEN presented the paper prepared by Mr. Bogh 
on the development and maintenance of superior genetic 
stocks. Mr. B0gh began his survey with some considera
tions of a general character on the importance of in
creasing the yield in agriculture. Denmark which was 
essentially an agricultural country, was an obvious case 
in point. The yield could be increased through a more 
general use of fertilizers, improvements in agricultural 
methods and the creation of hardier and higher-yielding 
varieties of plants as a result of scientific plant breeding. 
Mr. B0gh then went on to describe some of the methods 
used in scientific plant breeding in Denmark and some of 
the results achieved. 

The CHAIR?>IA:N opened the discussion on the various 
papers which had been submitted to the meeting. 

He emphasized the importance of the FAO's initiative 
in the field of scientific wheat breeding, which he described 
as one of the first steps towards the development of inter
national co-operation. 

Referring to the statement in Mr. Frankel's paper that 
improved varieties of wheat had increased the total wheat 
production in the United States of America by more than 
800 million bushels in the years 1942 to 1946, he said he 
wished to know whether that increase had been due to 
improvements in the varieties alone or whether other 
favourable factors, such as a greater use of fertilizers and 
improvements in agricultural methods had also played a 

Mr. GouLDEN replied that :Vir. Frankel had attributed 
the increase to the introduction of improved varieties. 

The CHAIR:CVIAN wondered whether the FAO might not 
organize international expeditions to visit under-devel
oped areas with a rich flora and bring back useful strains 
or varieties. 

System of Collecting and Maintaining Genetic Stocks of Mr. HtmsoN did not think the FAO could organize such 
Cereals". He pointed out that the system had been expeditions because of its limited financial resources. In 
developed in accordance with the FAO decision that a his opinion, the role of the FAO was somewhat different; 
record should be kept of all genetic stocks of wheat in it was rather to encourage national bodies to send in-
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vestigation missions to under-developed countries and 
record the results obtained. 

The CHAIRMAN referred to the question of importing 
new plants and pointed out that such imports were often 
hampered by lack of information concerning the various 
ecological zones and different ecotypes. He believed that 
the FAO might compile a survey of the information 
available on that question. 

Mr. HensoN pointed out that the American Institute of 
Crop Ecology had concerned itself with collecting infor
mation on climatic analogies existing between comparable 
zones in various parts of the world for instance between 
various states of the U.S.A. and similar regions of China, 
Europe and other parts of the world. It was an important 
question which might be brought to the attention of the 
FAO. 

Mr. GREENE wished to know whether specialists whose 
task it was to build up and maintain plant collections 
were concerned with the danger of the propagation of 
disease. He recalled the remarks already made at a 
previous meeting on the danger of pathogenic spores, 
against which quarantine measures had proved ineffectual. 

Mr. HensoN said that the same variety was sometimes 
mentioned by more than one body in the communications 
received by the F AO from various national institutes for 
the compilation of the catalogue mentioned by the 
Chairman. In such cases, it was interesting to compare 
the observations made. The morphological description 
remained the same, but observations concerning resist
ance to disease varied considerably. That led to a better 
knowledge of the resistance to disease of the variety in 
question in different countries. 

The CHAIRMAN emphasized that the same species or 
even the same variety varied in its resistance to disease 
from country to country. 

Mr. DE SovzA DA CAMARA pointed out that the intro
duction of new varieties or species into a country always 
carried a certain danger -with it from the point of view of 
the propagation of disease. Nevertheless, the results ob
tained were so important that they amply justified the 
risk. 

.Mr. ERLANSON introduced the paper by Mr. Cardon and 
Mr. Erlanson on the "Adaptation of Crops to New En
vironments". 

To emphasize the importance of the question, which 
had its origin at the time of the first human migrations, 
the authors explained that the crops cultivated in the 
United States were almost exclusively of foreign origin, 
most of them having been established in the country by 
immigrants. There were about ten exceptions comprising, 
among others, certain varieties of raspberry and some 
forage and leguminous plants. The authors then de
scribed the programme instituted by the Federal Govern
ment of the United States in order to intensify the intro
duction of new and useful varieties and strains into the 
country. The work was under the central administration 
of a special bureau of the Department of Agriculture, 
which looked after the botanical gardens where experi
ments were made on the plants imported from abroad, 

in order to decide on their usefulness and to determine 
their other characteristics. In the case of perennial plants, 
the experiments might take several years before any 
conclusive results could be reached. In more recent times, 
the territory of the United States had been divided into 
four regions (South-East, North-East, Central and West
ern) in order to facilitate those operations. Each region 
received credits direct from the Federal Government in 
order to carry out research and experiments on the im
ported plants, to make collections of all useful varieties 
either bred or imported, and to draw up catalogues. The 
Federal Bureau continued to play a very important part. 
It organized the research expeditions which were sent 
abroad. It was towards the under-developed countries, 
with their rich and as yet little-known flora, that the 
United States should now turn for new varieties and 
strains. 

Mr. VELANDER introduced the paper by Mr. Akerman 
on the "Improvement of the Yield of Cereals in Sweden 
Due to Plant Breeding". Because of the perpetual growth 
of the world's population, it was extremely important to 
increase the yield of cereals, which were the main form of 
vegetable resources. The breeding of cereals in Sweden 
had made it possible to increase the yield during the past 
fifty years. For winter wheat the total increase had been 
68 per cent, of which as much as 30 per cent was due to 
plant breeding. The best results had been obtained in the 
southern part of the country, where the climate was most 
favourable and the soil had been cultivated for centuries. 
In the northern part of the country, where the climate was 
more rigorous and the land had only recently been brought 
under cultivation, there had been considerably less in-
crease in the yield. · 

It seemed that it was still possible to make further 
progress in that direction. The research that had been 
going on for some time past had thus been aimed at ob
taining a variety of wheat which would combine the 
resistance to cold of the domestic strains, with the higher 
yield of the imported ones. It was thought that if such a 
variety could be found a yield might be achieved 50 per 
cent higher than that of the domestic strains, representing 
an advance of 20 per cent over the present yield. 

It could therefore be hoped that the progress made in 
Sweden with regard to the yield of cereals would continue 
at the same rate. It was interesting to note that since 
1930 the population of the country and the yield of cereals 
had increased in the same proportion, so that the amount 
of home-grown wheat consumed in Sweden per individual 
had remained constant. 

Mr. ORELLANA A. introduced and summarized his paper 
on the "Crops Suitable for the Large Semi-Arid Areas in 
the State of Lara [Venez~tela]". 

The region dealt with in the paper was an arid plateau. 
Its aridity had been increased because the peasants were 
in the habit of burning the shrubs in order to obtain 
charcoal. Until quite recently, the pineapple had been 
the only crop of the region and it had been cultivated in 
a very primitive manner. As a result of the experiments 
he had carried out, the cultivation of pineapples had been 
improved, particularly by the use of paper which protec
ted the plantations, preserved the humidity of the soil and 
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re:~ulated the differences of soil temperature by day and 
ni,~ht. The cultivation of sisal had also been introduced 
into the region with satisfactory results. 

Mr. GurLLAUME recalled that the adaptation of a crop 
to a new environment had always been a somewhat 
precarious undertaking. Caution should therefore be 
med and there should be constant inspection in order to 
discover any diseases which might attack the introduced 
varieties. 

The cacao tree, for example, had been introduced into 
Africa successfully at first and then a virus disease had 
a1 tacked it, so it had become necessary to select the 
strains carefully in order to keep only the hardiest ones. 
D1e cultivation of coffee, which had been introduced into 
C :ylon, had also given excellent results until the plant 
had been attacked by blight to such an extent that the 
cultivation of coffee had finally disappeared from the 
island. 

Mr. ERLANSON outlined the measures taken by the 
United States Department of Agriculture with regard to 
imported seeds and plants. When any new variety was 
introduced into the country, it was subjected to an ex
tremely strict and protracted inspection by the Federal 
Plant Inspection Station. The inspection could be too 
strict on occasions, because the seeds were sometimes 
killed by the fumigation process. There was also a system 
of quarantine which might last as long as two years. 

The plants and seeds exported from the United States 
were also subjected to the same strict inspection, after 
which a certificate was issued. 

Mr. VELANDER said that, when plants were introduced 
into a new environment, it was just as important to make 
sure that they could stand up to the dangers of infection 
to which they might be exposed as it was to see that they 
did not bring the germs of any disease with them. 

Mr. GUILLAUME, adding to his earlier remarks, pointed 
out that the adaptation of a crop always took a very long 
time. Many African crops had been imported several 
centuries ago; there was therefore scarcely any risk that 
they would catch new diseases. On the other hand, crops 
which had been introduced only a few decades ago should 
be closely watched. 

Mr. HuDSON fully agreed with Mr. Guillaume. He 
pointed out that, when a new plant species was intro
duced, care should be taken always to introduce the 
related wild species with it, these being generally more 
resistant to disease than the cultivated forms. 

Mr. DE SouzA DA CAMARA agreed entirely with the 
two preceding speakers and gave some examples of the 
adaptation of crops from the very rich experience of 
l'ortugal. 

In the past, the Portuguese had imported the orange 
J>lant from India and had improved the plant. Orange 
plants from other countries had been introduced sub
sequently and they had brought diseases with them which 
had entirely destroyed the Portuguese plant. On the 
other hand, Brazil had imported some healthy orange 
plants from Portugal, which were now being attacked by 
<. virus disease brought in by plants from other countries. 

SUMMARY OF DISCUSSION 

Of all the attempts to adapt crops in Portugal-and 
there had been many-the only one which had been a 
complete failure was the soya. 

It had been noted that the vines introduced into the 
region of Porto had, after a few years, produced a wine 
of the same quality as the domestic vines. But when the 
vines from the region of Porto were introduced into 
another country, such as South Africa, they no longer 
produced a "port wine". 

Mr. VELANDER mentioned the case of Argentina which 
had had to import seed potato from Sweden in order to 
make up for the damage to its own crops by virus disease. 

Mr. GouLDEN recalled that, as had already been ex
plained in detail, the introduction of plants from abroad 
had always been one of the main factors of agricultural 
development in the United States. The Department of 
Agriculture was carrying out a methodical programme in 
that connexion. 

The CHAIRMAN said that the discussion had shown the 
importance of adapting crops to new environments and 
that the process should be carried out with great care 
and constant inspection. 

The CHAIRMAN declared open the general discussion on 
the subject as a whole. 

Mr. KELLER thought Mr. Goulden's and Mr. Erlanson's 
papers were of special interest to all plant breeders. The 
experiment on cereals which was being carried on in 
Canada might furnish a valuable example for other 
countries. He asked Mr. Goulden if anything similar had 
been undertaken in regard to forage grains. 

Mr. GouLDEN could not give any exact information on 
forage grains and cross-fertilized plants. He thought, 
however, that it might be possible to form genetic strains 
of plants of that sort, although that would be more 
difficult than in the case of cereals. He suggested calling, 
under the auspices of the FAO, an international confer
ence of plant breeders interested in the question, where 
methods to be adopted for that purpose might be elabor
ated. 

In connexion with the last suggestion, Mr. HuDSON 
described the present state of the FAO's work on the 
preparation of a catalogue of genetic stocks. It was im
possible to accomplish that task for all categories of 
plants at one and the same time. A beginning had there
fore been made with the plants which raised the least 
difficulties. Questionnaires concerning wheat and rice 
had been sent to Member States. The information re
ceived would be classified and communicated to all the 
plant breeders who had participated in the making of the 
catalogue. The guiding principle was that each country 
should be allotted the task of preserving the varieties of 
plants which were cultivated on its territory, as it was 
obviously impossible to centralize in one spot experiments 
pertaining to all the plant species of the world. 

It seemed possible to apply the same principle to forage 
crops. 

Mr. Hudson intended to make, as an experiment, a 
similar inventory of the forage crops of tropical and sub
tropical areas. The questionnaires which would be sent 
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to those countries included questions not only about the 
characteristics of the plants but also about the soil and 
other conditions in which they grew. The results of the 
inventory might serve as a basis for the extension of the 
survey to all forage crops. 

Mr. KELLER emphasized the appreciable difference be
tween the stage reached in the scientific cultivation of 
cereals and forage grains respectively. In fact, the most 
detailed information available on forage grains was not 
enough to show whether they could be grown in a given 
region or soil. For all such cross-fertilized plants, numer
ous experimental stations were consequently necessary. 

Mr. GREENE wished to ask a question concerning the 
categories of selected plants which should be introduced 
into under-developed countries. 

He pointed out that in Egypt and the Anglo-Egyptian 
Sudan, where cotton was cultivated on a vast scale, there 
were selected varieties, the purity of which was constantly 
being improved. However, north of Khartoum, certain 
lands were found in which the cultivation of mixed va
rieties gave better results than that of selected varieties, 
in view of the fact that the latter were less resistant. When 
selected seeds were sent to under-developed countries, 
should not the less pure but more resistant varieties be 
chosen? 

Mr. Ht:Dsox shared that opinion and remarked that a 
great number of plant breeders considered that the mixed 
varieties appeared to be better adapted to introduction 
into new regions. 

Mr. KELLER, considering the matter from the point of 
view of the plant breeders, confirmed that the latter 
would always prefer varieties with qualities that were not 
entirely fixed, but that offered possibilities of variations. 

Mr. ERLANSON pointed to the difficulty encountered 
when under-developed countries had to be provided with 
selected seeds adapted to their needs, in view of the fact 
that most of the American varieties were highly special
ized as regards soil and climatic conditions. It was de
sirable that the FAO should publish the soil and climatic 
characteristics of the different varieties of seeds, and that 
it should draw up a comparative list of the different 
regions of the United States and foreign countries. Since 
the end of the war, the United States had become an 
important seller of selected seeds, especially of those of 
hybrid maize. The American seller should be able to 
determine what variety of hybrid maize met the needs of 
his clients. 

Mr. HuDsoN called attention to the existence of the 
American Institute of Crop Ecology, which specialized in 
the study of climatic conditions and in noting similarities 
between conditions existing in the various parts of the 
United States and in the countries which imported Ame
rican seeds. Such studies were incomplete, however, as 
they did not take into account differences in soil charac
teristics. 

Mr. ERLANSON thought that that Institute, which had 
only very limited financial means at its disposal, did not 
render all the services which might be expected of it. Its 
work should be improved, or else entrusted to a govern
mental organization. He had made a proposal to that 
effect some time before, but none of the Department of 
Agriculture's services wished to take over the work. 

Mr. GREENE wished to know if it was not possible to 
solve that problem in a different manner, namely, by 
asking the plant breeders not to limit themselves strictly 
to the cultivation of plants which offered an immediate 
economic profit. A great deal of biological information 
of general interest might thus be obtained. 

Mr. KNUDSEN mentioned the experiment in cultivation 
of seed potatoes in Denmark. In tropical countries potato 
plants were strongly attacked by virus diseases and 
degenerated after one to two years, so that new plants 
had to be imported. He wondered why American seed 
potatoes exported to Germany had given such bad results 
there. Was that result due to the fact that in America no 
virus attacked potato plants? 

Mr. ERLANSON recalled that potatoes in America were 
attacked by numerous viruses. That was why patato 
plants were grown in the northern regions, especially in 
Maine, where the viruses caused less damage. He could 
not see why viruses had wrought greater havoc in the 
crops in Germany than in the corresponding regions of 
the United States. 

Mr. HuDSON thought that he could give a satisfactory 
explanation. The American plants which had succeeded 
in withstanding the local viruses had been attacked in 
Europe by viruses to which they were not adapted. 

Mr. KNUDSEN remarked that Denmark was now grow
ing potato plants from America in order to be able to 
compare their behaviour with that of the native plants. 

The CHAIRMAN thanked the members for their contri
bution to the discussions, the importance of which he 
emphasized. 
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Protection of Crops and Grasslands Against Insects 

R. A. E. GALLEY 

ABSTRACT 

Insect attack varies in its intensity from year to year, but as far as some insects and crops are concerned is regularly 
at such a level that routine spraying operations have to be adopted. 

In order to determine the necessity of applying a given treatment and assessing its value, it is essential to efb· lish 
satisfactory techniques of estimating insect populations and the damage which these populations cause. 

The benefits arising from different treatments, biological control, cultivation of the soil, preparation of t seed 
bed, selection of type of crop, date of sowing and of different spray or dust treatments, can then be determin . 

One or more of these treatments may be applied to a crop. In some years cultural methods alone may su ce, but 
in others spray or dust treatment may have to be used additionally. 

The new insecticides and methods of application are valuable new weapons in the "insect control armoury" but 
without careful use they may produce problems as bad as those they solve. In all this work the value to the nation 
and the grower of a good advisory service can hardly be over-estimated. 

The over-all losses to growing crops caused by insect attack are colossal and as there are no new food-growing 
areas which can rapidly be opened up, every effort must be made to obtain the maximum possible yield from every 
acre sown by protecting the crops from insect attack. 
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Bertrand Russell in one of the Reith lectures, described 
the politician as the magician and the scientist as the 
genie of his magic lamp. It would require the skill of both 
the magician and the genie together to condense ade
-quately into a paper of about 4,000 words the information 
and data available on the protection of crops and grass
lands from attack by insects. In the following attempt at 
this task, the method adopted is a combination of wide 
generalization, illustrated in a few instances by fairly 
detailed reference to one insect or one crop. Insect attack 
varies annually, a pest which inflicts severe damage in 
one year causing little damage in another. The damage 
~aused by some, however, although varying, is always 
such that routine measures of control are considered 
necessary and are put into effect. 

The following figures for the percentage of fritted oats 
in England in 194 7, give an example of the fluctuation 
which can occur. The percentage varied from an average 
of 0.8 per cent in the North Wales sub-province to 32 per 
cent in the Eastern province. In the South Western 
province, in which the over-all average of forty-five sites 
was 5.2 per cent of fritted grain, the loss of weight in 
different samples due to frit fly attack within that area 
varied from 3.8 per cent to 34.5 per cent. I do not wish, 
however, to use this as an excuse for not giving any 
:figures, but merely as a warning that more significance 
than is warranted must not be given to any of the figures 
which are quoted later. 

Before dealing with the methods by means of which the 
grower may keep insect attack to the minimum, I wish 
to spend a few minutes on the question of the assessment 
of insect populations and damage to crops which they 

cause, because without this knowledge, it is impossible to 
determine the ef:ficacy of a treatment or the benefits it 
affords. 

Many estimates of the damage caused by insect pests to 
crops have been made all over the world. Some of these 
have been no more than guesses, but however accurate 
they are, they refer only to the particular year and area 
concerned. 

Between 1939 and 1942, valuable data were collected 
on wireworms in a survey carried out in the UK, the 
results of which were fully described in Bulletin No. 128 
of the Ministry of Agriculture and Fisheries, entitled 
"Wireworms and Food Production- A \Vireworm Survey 
of England and Wales 1939-42", to which I will refer in 
more detail a little later. 

More recently, Dr. I. Thomas of the Plant Pathology 
Laboratory, published a paper in the June, 1948, issue of 
Agriculture, entitled "Insect Damage Assessment" in 
which the work carried out since the wireworm survey 
on a number of other insects in England and Wales is 
admirably summarized. He describes how in 1945, the 
Conference of Advisory Entomologists set up a committee 
to work out more precise methods for the assessment of 
damage by insect pests. The ultimate aims were: 

(i) To record the fluctuation from year to year in 
insect populations and the damage to crops and to 
see what correlation exists between them. 

(ii) To determine the extent to which the overwinter
ing egg populations of certain pests are related to 
the subsequent infestations on summer hosts. 
Eventually perhaps to be able to forecast out-(iii) 
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breaks of attack by insect pests so that adequate 
preparations can be made to meet them. 

It was decided that data would be collected in addition 
to those on wireworms, on the bean aphis, cabbage aphis, 
frit fly, flea beetles, cabbage butterflies, leather jackets, 
winter moths, peach potato aphis, mangold fly, codling 
moth, carrot fly, potato root eelworm and the major 
glasshouse pests. These investigations are giving some 
interesting results which illustrate further difficulties 
confronting entomologists in making forecasts of insect 
activity, particularly in a country with climate variations 
such as those in England. In the severe winter of 1946-
194 7, the population of cabbage aphis eggs overwintering 
on Brussels sprouts was very low (average one per plant), 
and in addition, almost all ovenvintering adults were 
killed by the very severe weather. The entomologists 
therefore felt safe in forecasting tentatively, in the spring, 
that serious infestation was most unlikely. The warm 
snmmer of 194 7 enabled a very rapid build-up of popu
lation to take place, with the result that attack reached 
epidemic proportions in some parts of the country. 
Following the rapid increase in numbers, the over
wintering population in 1947-1948 was 400 times that of 
the previous winter. 

The process of making surveys of egg populations for 
the purpose of forecasting insect attack is carried out in 
the USA in the regions where grasshoppers are serious 
pests. As a result of these surveys, men and materials 
are disposed strategically to enable the anticipated attacks 
to be dealt with promptly and effectively. 

Commenting upon losses caused by insect attack, 
Thomas writes "In a few specific cases in this country, 
yield losses have been calculated with reasonable accuracy, 
but the conversion of yield losses to monetary losses 
presents serious difficulties. Under present conditions of 
world shortages and controlled prices, losses in yield are 
serious from the point of view both of the country and 
the grower; in normal circumstances, however, a poor 
yield throughout the country may mean a monetary 
to some growers, because scarce commodites sell at a 
premium. Figures for losses are often calculated at the 
price commanded by the scarce commodity, and are 
therefore much inflated". These observations serve to 
illustrate how necessary it is closely to examine monetary 
figures given for losses and to enquire into the method of 
their calculation. It is the author's view that losses 
quoted as a percentage on yield are a far more satisfactory 
basis for comparison. 

Thomas ended his paper with the following words: 

"It will be seen, therefore, that a start has now been 
made, the problem is difficult and complicated and is not 
likely to give spectacular or immediate results. On the 
other hand the results may be more far-reaching and 
important and eventually of more value to the com
munity than the application of some of our present more 
direct control measures. The least they will do is to 
provide a measure of the comparative importance of some 
of our major pests and help to sort out priorities. 

multiplied to large numbers. Frequently it is not until 
the damage has been done that the entomologist is called 
in: the more work done on preventive entomology, the 
less frequently will such occasions arise and the greater 
will be the value of the work". This is a point of view 
which I feel merits serious consideration. 

As the work which Thomas has described proceeds, 
more data will become available to assist the advisers and 
growers in assessing the necessity of taking control 
measures involving spraying or dusting with insecticides, 
in addition to such cultural or other methods which may 
have been undertaken. 

The methods available for the control of insects may 
be divided, from the farmer's point of view, into three 
categories which are: 

(i) Those requiring no action, 
(ii) Those requiring little or no more action than his 

normal, cultural methods, except in so far as their 
timing is concerned, and 

(iii) Those requiring extra operations involving either 
his own, or a contract sprayer's manpower and 
materials. 

In the first category, leaving aside for the time being 
quarantine regulations, we have biological control 
methods, which involve either the protection and en
couragement of established beneficial organisms or the 
introduction of new species. The latter is generally the 
more satisfactory method and has, in one or two instances, 
produced spectacular results. 

That established organisms do, however, effect a marked 
degree of control in certain circumstances has been made 
abundantly clear in recent years. In some areas in Eng
land, on the European Continent and in North America, 
where special control measures against fruit tree red 

were not necessary, the use of DDT for codling 
moth control has, at the same time, killed a susceptible 
predator of the red spider, which itself is resistant to this 
insecticide. The loss of the predator which normally kept 
the red spider under control has resulted in serious out
breaks of the mite requiring special treatment. 

The classical example of the introduced is that 
of the vedelia ladybird beetle, introduced from Australia 
into California for the control of the cottony cushion scale 
insect, which at one time threatened the California citrus 
industrv with disaster. The scale insect which had also 
been i:ri'troduced from Australia was not a serious pest 
there, and investigation soon revealed that the vedelia 
ladybird was the responsible predator. Once introduced 
into California the ladybird beetle rapidly established 
itself and in a very short time effected an economic control 
of the pest. 

Such control measures as these are outside the scope of 
the individual farmer and require to be carried out by an 
official body with highly trained staff. If, as happened 
with the vedelia beetle, the introduced insect established 
itself, no further action is necessarv for the maintenance 
of the control measure. Sometimes~ however, the parasite 
is unable to maintain itself throughout the year, on ac

"As in medicine, so in economic entomology, the aim of count of food shortage at a critical period or climatic 
the modern entomologist should be to prevent insect de- conditions which the insect cannot withstand. An ex
predations rather than try to control a pest when it has ample of such a parasite is a chalcid which parasitizes the 
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larvae of the greenhouse white fly. The parasite is unable The investigation had started before the war and was a 
to withstand temperatures below 52 degrees F and in country-wide co-operative investigation involving: 
unheated houses dies in the winter. Many growers, there- (i) Finding out a method of estimating the wireworm 
fore, reintroduce the parasite annually. The cost is small population of fields with sufficient accuracy of 
and the labour involved, hanging in the greenhouse a few speed to be of service in advisory work. 
leaves containing the parasitized larvae, negligible. (ii) Obtaining some guide as to the damage to be ex-

Even when annual introduction of the parasite is pected from different levels of wireworm popu-
necessary, the recurrent cost is negligible; when reintro- lation on various crops. 
duction is not necessary, the recurrent cost is non- (iii) Discovering any obvious correlations between the 
existent. The initial cost is not usually very large es- wireworm population in any field and such factors 
pecially when compared with the annual saving which its as soil type or cultural treatment. 
introduction effects. For example, the cost of establishing As a result of these investigations, the Ministry of 
in Fiji the parasite of the Levuana moth was about Agriculture and Fisheries was able to recommend the 
£3,500 while the annual saving to the coconut industry procedures to be adopted in its "Growmore" leaflet No. 
by the control it exerts is of the order of £l million. 62 entitled "Beating the Wireworm". A full account of 

However, the number of outstanding successes of biolo- the investigation was given in the Bulletin, No. 128, 
gical control methods is small and Imms in his "Insect referred to earlier. 
Natural History" writes: "It (biological control) sounds The measures to be adopted are those which can be 
all so simple and easy but this is far from the truth. While carried out by any farmer using his ordinary equipment. 
thrilling and most spectacular results have been achieved They comprise (1) a well turned furrow in the ploughing 
by biological control, the method is not a universal (Pre-treatment with disc harrows is advantageous as it 
panacea as the misinformed have been too prone to facilitates the preparation of a firm tilth); (2) through 

it"· cultivation in which the use of the disc harrow and the 
Insect pests are often controlled naturally by fungal or roll are important and are to be used as indicated by the 

bacterial attack, but it has not been possible to spread soil type, weather conditions and season; (3) ploughing 
infection artificially with any degree of success as a prac- as near to sowing as is consistent with good consolidation 
tical control measure. and tilth; (4) fertilizer application where this is necessary; 

I wish now to refer to methods of the second category (5) selection of the correct crop depending upon the degree 
which always pay dividends in the long run, even if attack of infestation of the land. Crops increase in resistance to 
by any specific insect is negligible. These are classified wireworm in the following general order: cereals, roots, 
generally as cultural operations and include such aspects legumes, flax or linseed, fodder crops. All these should 
as farm hygiene, preparation of a good seed-bed, ap- succeed on slightly infested land (up to 300,000 wire
propriate fertilizer treatment and the intelligent selection worms per acre). On moderately infested land (300,000 
and rotation of crops. These are methods which other to 600,000 per acre) the risk to the more susceptible 
speakers will have mentioned as being desirable from other crops is greater and they should only be grown if it is 
points of view than the control of insect pests. As far as necessary, but with a good seed-bed and generous seeding 
farm hygiene is concerned, this must be a co-operative rate they should succeed. Heavy infestations (600,000 to 
effort of all the farmers in a district, for the efforts of one 1 million per acre) and very heavy infestations (above 
man alone can easily be nullified by inactivity on the part 1 million per acre) call for the resistant crops on well 
of the others. Many insect pests overwinter on weeds, prepared land. If the preparation has been thorough and 
related to their normal host plant and growing in the the fertility is good, provision will have been made for 
hedges and marginal land. Other pests need the shelter prompt germination and rapid growth of the seeding 
provided by the grasses, debris and partly filled ditches which should be enabled thereby to grow away from 
of untidy field margins. The cleaning up of fields, the wireworm attack. If, in spite of these precautions, damage 
removal of late growing weeds and crop residues and the to the crop occurs, some protection may be afforded by 
clearing of hedges, ditches and field margins, especially rolling, which, by consolidating the ground, impedes the 
over winter, all tend to reduce infestations during the movement of the pest from one plant to another. Since 
spring and summer. Indeed, in some areas in the USA the discovery of the insecticidal activity of BHC, an 
which are infested with European corn borer, the removal effective ground treatment has been made possible, al
of the crop residues by ploughing in or burning is com- though with some crops tainting may occur. 
pulsory. Mention was made earlier to time of sowing. 'We have 

One of the worst pests of newly-ploughed grassland is to regulate our time of sowing so that to use Martin's 1 

the wireworm, and yet by means of thorough cultivation, words "the period of greatest susceptibility is not coinci
adequate manuring, sowing the right crop at the right dent with the period of greatest liability" to attack. 
time on a good seed-bed, good crops can be obtained Optimum times of sowing have been worked out for a 
where, without care, very serious loss would probably number of crops in relation to their most serious pests. 
result. The wireworm presented, from the entomological The early sowing of Spring barley to ensure early maturity 
point of view, one of the greatest problems with which assists materially in limiting attack by the Gout fly. In 
the UK was faced during the Second vVorld War and a the USA winter wheat is sown as late as possible to avoid 
considerable effort was expended upon it. As there was attack by the autumn generation of the Hessian 
no chemical treatment available on the scale required, -·~-
the measures to be adopted had to be on cultural lines. 1 H. 1VIartin, The Scientific Principles of Plant Protection. 
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"Fly-free" dates, as they are called, are the dates after 
,~·hich sowing may take place. Although flies are still 
emerging, the degree of infestation of the crop on germi
l!ation is very small. 

Under English conditions the late sowing of carrots 
Jrequently enables the crop to avoid serious attack by the 
carrot fly. This is attributed to the fact that the first 
hrood of the fly has partially died out by the time that 
May sown carrots are above the ground in a vulnerable 
condition. Autumn sown broad beans generally receive 
less attention from bean aphis than those sown in Spring. 

There is much information available to the farmer on 
optimum sowing times and cultural conditions, and in 
many countries a specialist advisory service exists to 
provide it. It is difficult to over-emphasize the value to 
the farmer and the nation of a good advisory or exten
sion service and those nations which have not yet gone 
far in this direction would be well advised, in my view, 
to reconsider the matter. It is, I think, not a question 
of being able to afford such a service but rather of being 
unable to afford to be without it. 

I have dealt broadly with biological control and cultural 
operations. Many nations, taking a long view, have in the 
past and will continue, in the future, to make all possible 
use of biological control methods. All sensible farmers 
will do all they can to obtain the maximum possible 
protection by cultural methods as being relatively non
costly and beneficial also in other directions; in other 
words, they will adopt the principles of good husbandry. 

But supposing after this care, the pests gain the upper 
hand as in many instances, with monotonous regularity, 
they do; how is the farmer to deal with the situation? 
He has to use insecticides which involve him in spraying 
or dusting operations. For certain pests this has become 
a normal routine procedure, e.g., winter orchard spraying, 
and is regarded as part of the normal cost of production. 

I propose now to review briefly the present position 
with regard to materials and equipment which are avail
able for spraying and dusting operations. 

In the last ten years, three changes have occurred which 
<Jre having far-reaching effects in the war against insects. 
The first is the discovery and development of the insec
ticidal properties of DDT and the newer chlorinated 
hydrocarbon and organo-phosphorus insecticides. The 
second is the development of orthodox and rotary wing 
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it is not practicable to spray from the air, the cost runs 
now at approximately one dollar per acre. I do not wish 
to imply by these remarks that all the insecticides and 
techniques formerly used have been superseded. This cer
tainly is not so; the new materials and equipment are 
valuable additional weapons in the insecticide armoury. 
Time will not permit more than a brief mention of the 
newer insecticides which are following in the trail blazed 
by DDT and BHC. We have Chlordane, Methoxychlor, 
DDD or TDE, Toxaphene and the acaricides, diphenyl 
methyl carbinol and Neotran. Turning to the organo
phosphorus compounds, we have insecticides which are 
not only effective against a wide range of insects, but are 
of special interest in their remarkable toxicity to the 
aphides and mites which are resistant to so many other 
insecticides. These compounds were developed in Germa
ny by Schrader, and some HETP, TEPP and Parathion 
(E. 605) are available in commercial quantities in different 
countries. They are likely to be valuable complementary 
compounds to DDT and the other chlorinated hydro
carbons and their derivatives. Further, there is the very 
interesting group of compounds called, by Schrader, 
agents for plant chemotherapy and, by Hubert Martin, 
the systemic insecticides, which promise to develop into 
most valuable compounds for crop protection. Most of 
the compounds in this group, known at present, are highly 
toxic to mammals, although one of the least toxic of 
them, called Pestox III, has been used in small field trials. 
But these compounds are rather the shape of things to 
come than today's actual weapons, and I want to return 
to the compounds which have been tried and proved, for 
it is on these that most reliance will have to be placed in 
the next few years. Here I would again urge that the 
closest possible touch is maintained between the grower 
and advisory or extension service. They know the latest 
proved methods, and have often been actively concerned 
with the last stages of their development. The newer 
insecticides, by nature of their high insecticidal activity to 
a wide range of insect species, their chemical stability, and 
their toxicity to mammals, present problems as well as 
solutions to problems, and of these the Advisory Service 
will be aware. 

The choice of a particular insecticide will depend upon: 

(i) Its efficiency against the pest concerned, 

(ii) Its effect on beneficial insects, pollenators, parasites 
and predators, 

aircraft as spraying machines, and the third is the transi- (iii) 
tion from the orthodox spraying and dusting machines to 

Its phytotoxicity, 

the low volume and "mist blower" types of equipment. (iv) The toxicity of residues to mammals and 
Thus, with new materials and better methods of appli- (v) Tainting of vegetable or fruit products which might 

result from its use. cation, savings in man-power and materials will be made. 
I think that this is most effectively illustrated by a I should like to illustrate these points with examples: 
consideration of the cost of spray application in the gypsy Although all the new insecticides are effective against 
moth control programme which has been carried out for many species, some species are more resistant to one 
many years in Pennsylvania. When ground equipment insecticide than they are to another. BHC, Chlordane, 
only was used, the area which could be sprayed was limit- DNC, Parathion are far more toxic to grasshoppers or 
c:i and the cost was from $17 to $25 per acre. When locusts than DDT, a fact which makes one of the former 
DDT solutions and aircraft were employed (initially the obvious choice if a combined stomach poisonjcontact 
small aircraft of the modified biplane trainer type), the poison is required for this pest. If these hoppers were 
c)st fell to about $1.30; more recently, by using a large, invading a valuable crop, DNC, being highly phytotoxic, 
( -4 7 (Dakota) in combination with the smaller planes would be ruled out and the choice between the others 
and mist blowers for those areas, which for various reasons would probably be a matter of economics, although until 
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we know more of the duration of the deposits of Parathion 
and its chronic toxicity, this compound would be used 
only in experimental work for the time being. 

The harmful effects which insecticides can have on 
beneficial insects have been shown in the use of DDT for 
codling moth control. Following such applications serious 
outbreaks of red spider have occurred in some areas in 
England, the European Continent and North America. 
In Canada and the USA the red banded leaf roller, norm
ally of little trouble in some areas, has become a serious 
pest following the use of DDT for codling moth control 
and has done more damage than the codling moth. 

Benzene hexachloride, an excellent insecticide for wire
worm control, is liable to taint root crops grown in treated 
land. The British manufacturers recommend that it 
should not be applied on land which in the same or follow
ing seasons is to be cropped with root vegetables. It is 
for such reasons as these that I would warn growers 
against the wholesale use of the newer insecticides over 
large areas before well supervised field trials have been 
completed. 

The newer equipment which is becoming available will 
enable a reduction to be made in the gallonage of in
secticides which are required and have hitherto been 
customary. The new principle of using large volumes of 
air as the carrier has already been tried and proved in a 
number of instances. During a visit to the United States 
last year I saw such a machine in action when at Wilkes 
Barre discussing the gypsy moth programme. The ma
chine appeared to give a good cover on shade trees and 
was simple to operate. When I was at Summerland, British 
Columbia, Dr. Marshall said that the days of high gallon
ages per acre for fruit spraying were over. These are the 
beginnings; the use of such methods will spread and will 
mean a reduction in man-hours for each spraying pro
gramme to which the new tecnnique can be made to apply. 

In certain areas the use of orthodox aircraft has al
ready been exploited. For some purposes such aircraft 
cannot be used, particularly where the areas requiring 
treatment are small or where hazards make such flying 
unsafe. Rotary wing aircraft may supply the answer in 
these instances. 

To give his crops protection, the grower has either to 
apply the insecticide with his own or borrowed equipment 
or to arrange for the work to be done on contract. If he 
elects to do the work himself, he has to arrange for 
deliveries of the materials required, and for his machinery 
to be kept in order. This is all done for him if he arranges 
for the spraying to be done by contract. Only a contract 
or custom sprayer could run aircraft economically for 
spraying work. If the grower chooses to do his own work, 
the type of equipment he will need will depend upon the 
size of the farm. The larger the farm, the larger will be 
the equipment required and therefore the greater the 
capital cost. With increase in the capacity of the equip
ment, the rate of application increases and labour costs 
per acre decrease. 

In the United Kingdom the cost (depreciation of 

the insecticide spray or dust costing a further 10/- to 60/
per acre, depending upon the insecticide concerned and 
the amount required. 

Let us consider in more detail the treatment of wire
worm infested land with benzene hexachloride prior to 
the sowing of a cereal crop. The insecticide may be 
applied at sowing time using a combine drill at the rate 
of 3 / 4 cwt. to 1 cwt. of dust (containing about 23/ 4 lb. of 
BHC) per acre. The cost of insecticide per acre is about 
35/-, while application costs are nil, unless an extra 
fertilizer application has to be made on account of the use 
of the fertilizer hopper of the combine drill for insecticide 
at the time of sowing. An additional 5/- per acre must 
therefore be added to cover this contingency, making the 
total cost approximately 40/- per acre. 

As a result of the wireworm survey referred to earlier, 
reliable figures are available for the losses resulting in the 
United Kingdom from wireworm attack. If the cultural 
operations mentioned earlier are carried out, the loss of 
oats and wheat per 100,000 wireworms present per acre 
is approximately 0.6 cwt. per acre. 

The average yields taken over a number of years of 
wheat and oats per acre in the United Kingdom are 
respectively 18.5 and 16.5 cwts. per acre. Reductions of 
these yields by 0.6 cwts. per 100,000 wireworms per acre 
shows that the percentage loss of yield per 100,000 wire
worms is 3.3 per cent and 3. 7 per cent respectively. 

These losses converted to last year's prices for milling 
wheat and oats (22/9d. and 20/- per cwt. respectively) 
amount to 13j10d. and 12j3d. respectively per acre. It 
is therefore apparent that as far as financial return is 
concerned, it will not pay to take chemical action with 
BHC against wireworms for the protection of wheat and 
oats unless the land is at least moderately (300,000 to 
600,000) infested. Thereafter, treatment will pay divi
dends on heavily infested land and will permit average 
crops to be grown where failure might otherwise result. 
Thus, if the grower especially requires to grow cereal 
crops, he can obtain good yields by the use of BHC on 
land which would otherwise require to be sown with a more 
resistant crop. 

I am indebted to Dr. D. W. Wright for the following 
example of damage caused by pea moth to main crop 
peas. Dealing firstly with damage at the green picking 
stage for crops marketed green, canned or quick frozen, 
the average and maximum percentage of pods attacked in 
1945,1946,1947 and 1948 were 19.9, 50.8; 42.2, 57.5; 13.8, 
18.7; 22.2, 38.8 respectively. Crops showing more than 
10 per cent infested pods are usually rejected for quick 
freezing, while those showing more than about 30 per 
cent attack are not acceptable to the market for direct 
domestic consumption. Peas for the latter market, if 
unattacked or showing only a very low degree of attack, 
fetch at least 1/- per bag more than the average, which 
at 200 bags of 40 lb. per acre gives an extra yield of £10. 
The cost of treatment varies from about £3 10 s. 0 d. to 
£4 5 s. 0 d. per acre, giving a credit balance in favour of 
treatment of £5 15 s. 0 d. to £6 10 s. 0 d. per acre. 

equipment, labour, etc.) of applying the spray or dust, Concerning seed crops, the percentage of seeds damaged 
depending upon the nature of the crop, whether arable or in 1946, 1947 and 1948 were (average) 18.9, 13.6 and 13.4 
bushes and trees, varies from about 4/- to 20/- per acre, respectively, the maximum damage in the same years 
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h~ing 28.6, 16.8 and 18.4 respectively. The average loss 
of seed over the three years is very nearly 15 per cent 
which, on a crop of 20 cwt. per acre is equivalent to 3 cwt. 
oi peas worth at last year's prices for the variety "On
\,ard", 90/- per cwt. Thus, for the expenditure of 
£: lOs. Od. to £4 5s. Od. per acre, a cash return of up 
to £10 may be expected. 

In Africa the Cotton J assid can cause very serious 
which can be minimized by the application of DDT 

emulsion giving savings up to £12 to £15 per acre for an 
expenditure of £2 per acre for spraying by contract. 

The attention of all of us has been drawn from time to 
time by Lord John Boyd Orr, erstwhile Director of FAO, 
and others, to the necessity of a concerted effort on the 
part of nations in the production of food and yet more 
food. There are no vast areas that can be brought immedi
ately into production, and erosion is claiming daily many 
acres of once prolific earth. It is, therefore, more than 
ever necessary that crops, once sown, be protected in all 
possible ways against all pests in order that maximum 
possible yields are obtained. 

It has been estimated that the annual loss due to insect 
attack on growing crops in the United States of America 
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is of the order of $700 million (£175 million). In India 
the loss of rice as a result of stem-borer attack is estimated 
at about 10 per cent of the crop (i.e., a loss of about 
3,200,000 tons) per annum. These figures must cause 
sober reflection. 

Sir Henry Tizard, in his presidential address last Sep
tember to the British Association for the Advancement 
of Science, appealed for more active application of 
existing knowledge in all branches of industry. That ap
peal is reiterated here. The application of our knowledge 
of insect control needs skilled direction, be it by extension 
service or an industrial technical advice service, which in 
turn means that the universities must produce more 
applied entomologists, preferably with some knowledge 
of chemistry. 

Finally in applying our existing knowledge, we must 
remember that in this field we must make haste slowly and 
that one important part of our existing knowledge is that 
beneficial insects can, on occasions, suffer so seriously as a 
result of the application of insecticides that a state of 
affairs can be produced which is worse than that which it 
was intended to remedy. 

Protection of Crops and Grasslands Against Insects 
P. N. ANNAND 1 

ABSTRACT 

Insects cause tremendous direct losses by attacking plants in many ways and stages of growth, and they cause 
great losses indirectly by inducing erosion through the destruction of cover on grasslands, by carrying diseases of 
plants and by transmitting such diseases of livestock and man as encephalomyelitis and malaria which hamper agri
cultural production. 

To prevent losses from insect pests all known methods of control should be brought into operation. These methods 
include use of natural control agents such as diseases, parasites, and predators, and employment of cultural, mechanical, 
and chemical control measures. In the USA several destructive pests have been controlled by the importation of 
parasites and predators. Certain cultural practices, such as control of planting time, crop rotation, and clean-up of 
crop residues have proved of value in controlling certain pests. Some of the recent advances in insect control with 
insecticides are mentioned, and the problems associated with the wide use of insecticides are discussed. 

Emphasis is placed on the desirability of further international co-operation in exchange of beneficial insects, in 
the prevention of spread of deleterious insects, in the dissemination of knowledge on insect problems, and in joint 
attack on pests of international concern. 

Insects are one of the most important economic factors 
affecting cultivated crops and grasslands. Practically all 
plants are attacked by scores of insect pests. Some insects 
destroy the seed in or after it is planted. Others 
attack the plants in all stages of growth, from germination 
to harvest. Losses due to insects are difficult to determine 
with exactness, but the annual toll taken by a number of 
the more important pest species in the United States of 
America has been estimated at $4,000 million. These 
figures include the cost of combating the pests as well as 
the damage caused by them. Without the expenditure 
of large sums on control, the losses would undoubtedly be 
much higher. Undoubtedly, the percentage of crop loss 
is higher in many other parts of the world where war on 
insect is not so vigorously pursued or where condi
tions are more favourable to insect attack. 

1 Deceased, 29 ).larch 1950. 

There are many ways in which insects directly reduce 
production of crops and grass. They may devour parts of 
the plant, suck the plant juices, mine the leaves, introduce 
toxic materials into the plant, transmit plant diseases, 
or annoy man and his work animals and transmit diseases 
to them. Insects also have a detrimental effect on pro
duction in many indirect ways. Their destruction of the 
ground cover permits the removal of the most fertile soil 
through wind and water erosion. Their depredations on 
forests encourage floods and reduce the power to hold 
snow needed to supply irrigation water for crops. Their 
indirect effect on crop production through the role they 
play in transmitting diseases of man and animals is 
enormous. Picture, if you can, the set-back the farmers 
of the United States experienced in 1937 and 1938 when 
at least 94,000 horses died from mosquito-borne ence-
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phalomyelitis. The failure of agriculture to develop in 
large sections of Africa is chargeable largely to tsetse 
flies through the diseases of man and livestock that they 
carry. In many parts of the world the satisfactory pro
duction of food and fibre crops depends upon the control 
or elimination of malaria. 

The selection of procedures for use against crop pests 
is influenced by the kind and the abundance of the insect 
or insects, the history of their occurrence and damage, 
the nature and value of the crop, how the crop is to be 
used, the sequence of crops on the area, the acreage in
volved, the nature of the terrain, the use to which ad
jacent lands are put, the amount and kind of labour 
available, and the cost and availability of insecticides 
and equipment for their application. 

In the United States there has been a tendency during 
recent years for farmers and others to put too much 
dependence on insecticides and to neglect farm practices 
that may give relief at lower cost and with minimum 
complications. Against many pests no one line of attack 
will give a high degree of protection under all conditions. 
Successful insect control requires the intelligent appli
cation of several methods. They must be worked out by 
experience under the prevailing conditions. 

As a basis for control the pest must be definitely identi
fied. Rather full information should also be available on 
its biology, habits and natural enemies, and how it 
responds to cultural practices, crop rotations and in
secticides. With this information, control measures can 
then be adapted to local conditions. 

The insect pests of grasslands have received much less 
attention than have those attacking crops. The low per
acre value of grass and the difficulty of applying control 
measures are probably responsible rather than the lack of 
heavy losses caused by insects. The devastation caused 
by hordes of insects such as grasshoppers is, of course, 
well known. Certain caterpillars often strip large pasture 
areas, and white grubs may cause heavy damage to 
pastures by cutting off the grass roots. Insects not only 
reduce the quantity but lessen the food value of the plants 
attacked. For example, co-operative tests by the Bureau 
of Entomology and Plant Quarantine and the Bureau of 
Dairy Industry in which leafhoppers on alfalfa were con
trolled by DDT showed that the hay from treated plots 
had 8 per cent more leaves, 31 per cent better colour, and 
contained 146 per cent more carotine than hay from un
treated plots. 

The tonnage of livestock feed and forage destroyed by 
insects is tremendous. Insects become especially destruc
tive on grasslands during periods of drought and when 
the vegetation is under heavy stress. 

Insects are of greater importance as pests of cultivated 
crops than of range and meadow grasses because of the 
much higher value to the farmer. However, more ex
pensive control measures are economically feasible on 
cultivated crops, and the higher the crop value the greater 
is the justifiable outlay for its protection. 

NATURAL CONTROL 

Natural control factors, such as weather, diseases, and 
predators and parasites, are constantly operating to re-

duce excessive abundance of any species. Too often, 
however, pest species flourish under the environment 
provided by man, and heavy losses are sustained more 
or less regularly despite the operation of natural control 
agents. A full understanding of the interactions of natural 
control factors, if available, might permit us to utilize 
them more fully. These interactions are very complex 
and many of the factors are beyond our control. 

By modification of cultural or tillage practices, weather 
conditions can often be taken advantage of in fighting 
insects. 

Diseases are often of major importance in checking or 
eliminating insect outbreaks. At times diseases appear 
almost like magic over wide areas, and an outbreak may 
be completely terminated after a few days. The European 
spruce sawfly, Diprion hercyniae Htg., which appeared 
over eastern Canada and the New England states in 
tremendous numbers in 1936, was wiped out in a few days 
by a virus disease, and similar occurrences have been 
noted with the tussock moth, H emerocampa leucostigma 
A. & S., gypsy moth, Porthetria dispar L., and other 
Lepidoptera. Factors that cause wide-spread and highly 
effective epidemics of insect diseases are little understood, 
and although some effort has been made to utilize disease 
organisms to combat certain insect pests, little success has 
been attained. With more research on diseases of insects, 
perhaps ways can be devised to culture and distribute the 
organisms so as to set off epidemics almost at will. 

Much has been done to utilize insect predators and 
parasites in combating insect pests. Efforts to propagate 
and distribute native parasites of native pests have not 
been outstandingly successful. One example is the failure 
of results from the extensive rearing and release of the 
egg parasite Trichogram1na minutum Ashntead for the 
control of fruit and nut insects in California, Georgia and 
Washington; the sugarcane borer, Diatraea saccharalis 
F., in Louisiana, and the cotton bollworm, Heliothis ar
migera Hbn., in the Southwest. Attempts have been 
made to control aphids on vegetable crops by the release 
of the coccinellid beetle Hippodamia convergens Guer. 
early in the season. For many years these beetles were 
collected by the ton in the mountains of California and 
distributed to the vegetable growers, but the practice 
was finally abandoned after tests had shown that no 
increase in control was obtained. 

The greatest progress in biological control has been 
against pests of foreign origin. Such pests usually gain 
entry into the country unaccompanied by their natural 
enemies. Being freed from this check upon their increase, 
they multiply unhindered and become much more de
structive than in the country of origin. Search is then 
made for their natural enemies throughout the native 
range of the pest, and when found they are imported in an 
effort to establish them. 

Control of insect pests by the biological method has 
been employed in the continental United States for nearly 
sixty years. The first attempt, the importation from 
Australia of the vedalia beetle, Rodolia cardinal is ( M uls), 
into California to combat the cottony cushion scale, 
Icerya purchasi Mask., was spectacularly successful.With
in two years the pest was under complete control and has 
remained so ever since. This beetle has since been shipped 
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to virtually every citrus-growing country in the world, 
usually with equally effective results. 

With vcdalia as the beginning, the importation of 
parasites and predators has continued until nearly a 
hundred species of foreign origin are now known to be 
(established in the United States and to aid greatly in 
reducing losses from crop pests. 

CULTURAL COXTROL 

Cultural practices have a marked effect on insect 
abundance and destructiveness. Unfortunately, however, 
many of the practices best suited to the prevention of 
~oil erosion are favourable to insect pests. Terracing and 
~trip farming make available suitable areas through the 
crops in which grasshoppers may deposit their eggs and 
in which pests that have weeds as alternate hosts may 
multiply. Leaving fence rows and field borders undis
iurbed and crop residues in the fields, although favour
able to soil conservation, often intensify insect troubles. 

Crop rotation can be practised with material profit in 
ihe control of insect pests of cereal and forage crops, such 
as the chinch bug, Blissus leucoptertts Say, white grubs, 
Phyllophaga spp., wireworms, Elateridae, and white
fringed beetles, Graphognathus spp. The first-generation 
chinch bugs breed mostly in small grains, and the second 
generation breeds in corn. Therefore, one way of con
trolling this pest is by replacing the corn and sorghum or 
the small grains with legumes in order to break the cycle. 
White grub infestations can be minimized by increased 
use of legumes in the rotation, especially in the flight year 
of the three-year life cycle during which the adult May 
beetles appear in great numbers and lay their eggs. Crop 
rotation and other handling of the soil to prevent insect 
damage from soil-infesting forms are most useful in the 
control of wireworms. In irrigated lands, withholding of 
irrigation water from a grain or forage crop for an entire 
season will materially reduce wireworm populations. 

A knowledge of the life histories and habits of insect 
pests often reveals vulnerable points at which they can 
be attacked. The fall flight of the Hessian fly, for instance, 
is usually over rather early. By delaying the seeding of 
winter wheat until after this flight, much of the heavy loss 
often caused by this insect can be prevented at no extra 
cost to the farmer. 

Alfalfa seed crops have been increased as much as 80 
per cent in certain parts of the southwestern states by 
systematic community application of cultural control 
measures against Lygus bugs. 

For years the Department of Agriculture has advocated 
the cutting and destruction or ploughing under of cotton 
stalks to control the boll weevil, Anthonomus grandis Bal. 
To get this recommendation put into practice was diffi
cult. However, with an enforced clean-up in southern 
Texas in connexion with control of the pink bollworm, 
l'ectinophora gossypiella Saund, the efficacy of the plan 
¥'as well demonstrated. As a result of the clean-up, the 
toil weevil became a minor pest in that part of the state. 

Considerable attention is now being given in the United 
5 tates to the development of insect-resistant varieties of 
crops. Wheats highly resistant to the Hessian fly, Phyto
thaga destructor Say, and other wheats resistant to the 
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wheat stem sawfly, Cephus cinctus M crt., have teen pro
duced, and some of them are now in wide use with 
consequent material increases in yield where these insects 
are prevalent. Desirable varieties of corn resistant to the 
European corn borer, Pyrausta nubilalis Hbn., and the 
earworm, Heliothis armigera Hbn., sorghums resistant to 
chinch bug, small grains resistant to the greenbug, Toxop
tera graminum Rand., and alfalfa resistant to the pea 
aphid, M acrosiphum pisi Kltb., are now accomplished 
facts or in definite prospect. 

The planting of insect-resistant varieties of crops offers 
much promise as a method of preventing enormous crop 
losses caused by insects. This practice, when once adopted, 
costs the farmer nothing and hence is well adapted to 
field crops of relatively low per-acre value. 

CONTROL BY MECHANICAL l\IEAKS 

Mechanical operations are sometimes utilized in insect 
control. The primitive, yet simple and effective, hand 
picking of pests is practicable in cases where the acreage 
of the infested crop is small and labour is cheap. 

Traps designed to attract insects with lights, chemicals 
or other agents have been developed. They are of little 
value in control, but are very useful in survey or control 
evaluation. Many mechanical devices have been made and 
some extensively tried for the field collection of insect 
pests, particularly in the effort to control cotton pests. 
In general the use of such equipment has met with little 
success, partly because it destroys the useful insects along 
with the pests. Other mechanical methods of combating 
insects include the shredding and ensiling of corn to des
troy over-wintering larvae of the European corn borer, the 
use of centrifugal machines to kill insects in milled cereals 
by impact, and the use of mechanical barriers against 
such pests as the chinch bug or white-fringed beetles. 

Further research may reveal ways of utilizing mono
chromatic or ultraviolet light, ultrasonics, high-frequency 
radio waves, accelerated electrons or other irradiation 
methods to destroy insect pests. 

CHEMICAL CONTROL 

In this country and in certain other parts of the world, 
reliance for insect control has now been placed largely on 
insecticides. 

The numbers of insecticides, insecticide formulations, 
and methods of applying them have multiplied with 
surprising rapidity. Advantages and limitations of these 
materials and methods are becoming apparent day by 
day. Here it will be possible only to outline some general 
principles and give a few illustrations. 

The discovery and economical production of DDT and 
other highly effective insecticides have encouraged 
chemical control of insect pests on a scale not dreamed of 
before. These developments, along with suitable equip
ment for atomizing the insecticide and applying it over 
large areas, have made practical the treatment of forests, 
range grasses, and great expanses of field crops. 

Demonstration of the practicability of using insec
ticides to control the European corn borer in field corn as 
well as sweet corn has greatly increased our ability to 
cope with this insect. Thousands of acres of field corn 
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have been treated with DDT sprays and dusts during the 
past two or three years, and yields thereby increased far 
beyond the cost of application. 

DDT dusting has also stepped up the production of 
alfalfa seed. L ygus and other sucking bugs are largely 
responsible for the practical failure of this crop in many 
areas. Control of these insects by one application of DDT 
dust, so timed as not to injure the wild and domestic bees 
necessary for pollination, has greatly increased yields of 
alfalfa seed on thousands of acres. 

Dusts and sprays, particularly those containing chlor
dane and toxaphene, are coming into general use against 
grasshoppers. Their application to waste lands, weed 
patches, fence rows and similar places where grasshoppers 
hatch and pass their early stages provides a new and 
powerful weapon in addition to the use of poison baits for 
community-wide use in the prevention of outbreaks. 

The problem of using insecticides on leafy vegetables 
and other crops consumed by man is more difficult. In 
this country we urge the same precautions with the re
cently developed insecticides as with the arsenicals. In
secticides low in toxicity or those that volatilize or break 
down quickly are used to protect such crops in their later 
stages of development; pyrethrum, rotenone, and nicotine 
sulphate have been employed. The lack of persistent 
residues from tetraethyl pyrophosphate and parathion 
may make it possible to use these materials against cer
tain vegetable pests even though they are very poisonous. 

Low dosages of insecticides and their early application 
have been stressed, especially in the control of aphids on 
such crops as spinach, peas, cabbage and turnips. 

Largely because of the high value of most fruit crops, 
orchardists have come to depend almost exclusively on 
insecticides for the control of insect pests. A single year's 
crop of fruit is often worth a thousand dollars or more per 
acre; consequently the grower can afford to spend con
siderable money to protect it from insect attack. When 
not controlled, orchard pests often become extremely 
abundant and destructive. A fruit orchard is a compara
tively stable environment in which the same insect popu
lation, or its descendants, may persist from year to year. 

Undoubtedly the major pest of apples and pears is the 
codling moth, Carpocapsa pomonella L. For many years 
lead arsenate was the standard material for controlling it. 
The pest's development of resistance to lead arsenate has 
made it necessary to increase the number and strength of 
the applications. Since the residue problem is thereby 
increased, many growers have turned to DDT, which is 
far superior to lead arsenate in codling moth control. The 
widespread use of DDT has led to several other problems, 
including increased abundance of orchard mites and the 
red banded leaf roller, Argyrotaenia velutinana Wlkr. 

It is apparent, therefore, that in the general use of 
insecticides many problems other than killing the pest 
insects must be considered. In addition to the possible ill 
effect of insecticides on beneficial insects and the direct 
effect of insecticide formulations on the plants them-

selves, we are confronted with serious residue problems. 
The insecticides that are most persistent, such as DDT and 
other chlorinated hydrocarbons, and hence in general 
most effective, cause the greatest difficulty with respect 
to residues. Although the danger of immediate toxic 
effects on man and livestock is not great, the chronic 
effect from the ingestion of small quantities of insecticidal 
materials must be kept in mind. 

Since it was discovered that most chlorinated hydro
carbon insecticides ingested by animals may be stored in 
the fatty tissues or excreted in the milk, their use on 
crops to be fed dairy cows and animals being fattened 
for slaughter has not been recommended. Technical 
benzene hexachloride, which has a persistent odour and 
affects the flavour of certain crops, is likewise limited. 

Marked advances have been made in equipment for 
applying insecticides. Devices for distributing sprays, 
dusts, and poisoned baits from the air are now in use. 
Equipment has been developed for distributing sprays 
and dusts with high-velocity air currents and for pro
ducing fogs with liquefied gas, with heat, and by me
chanical means. The tendency is away from the use of 
heavy hydraulic sprayers delivering high gallonages, and 
toward lighter equipment, concentrated insecticides, 
smaller particles, and necessarily lesser quantities of the 
material. 

OPPORTUNITIES FOR INTERNATIONAL CO-OPERATION 

Insect pests are enemies common to all nations, and 
there is every reason for world-wide co-operation in 
combating them. The exchange of scientific information 
on insecticides, equipment, and insect control and quaran
tine procedures, especially during and since the Second 
World War, has been generally helpful in meeting insect 
problems. Such exchange, by visits of scientific personnel 
and by publications, should be continued and extended. 
The adoption, in so far as practical, of biologically sound 
inspection and quarantine procedures, should aid in 
retarding the spread of destructive pests. 

With the increased tempo of air travel and commerce, 
the opportunities for pests to move promptly from one 
quarter of the globe to another are greatly extended. 
The development and general adoption of methods for 
disinsectizing aircraft and commodities shipped by air are 
urgently needed. 

International co-operation in the exchange of beneficial 
insects, although carried on to some extent, might be 
materially expanded. Most entomological problems have 
an international aspect, and some can be effectually met 
by international planning, conferences, and co-operative 
action. The grasshopper, or locust, problems in both 
hemispheres are good examples. 

Joining forces in combating insect pests would result 
in better international understanding and relations, and 
improved health and general economic conditions through
out the world. 
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The Control of Plant Diseases 

E. C. STAKMAN 

ABSTRACT 

Plant diseases are one of the greatest obstacles to efficient and stable agricultural production. Some diseases 
cause terrific and wide-spread losses in a short time; others may be destructive but not conspicuous. Micro-organisms 
may destroy plant products in transit or storage or cause serious deterioration, even when not visible to the unaided 
eye. The control of plant diseases therefore becomes a problem of world-wide importance. 

Viruses, bacteria, fungi and nematodes that are pathogenic to plants are disseminated principally by man, insects 
and the wind. There is need for closer international co-operation in obtaining information basic to the establishment 
of fair and effective quarantine regulations to prevent the introduction of destructive species or physiologic races of 
pathogens into countries or areas where they do not now exist. But quarantines are ineffective against pathogens 
that may be disseminated internationally by the wind or by migratory insects; accordingly, co-operative efforts should 
be made to devise control measures for such epidemic diseases, either by means of fungicides, eradication programmes, 
or the development of resistant varieties. 

The problem of new diseases often is international in scope, because varieties that are resistant to the pathogens, 
including physiologic races as individual pathogens, in one country often are completely susceptible to those in another. 
There should be provision for testing resistant varieties of crop plants in all countries where similar crops are grown. 
This should give information regarding geographic distribution of dangerous pathogens and could result in rapid 
exchange and use of resistant varieties. 

As new disease problems often result from the production of new races, or possibly species, of pathogens by 
mutation, hybridization or heterocaryosis, the testing of varieties in those areas of the world where the same crops 
are grown should yield preliminary evidence of the appearance of new pathogens and indicate what needs to be done 
to meet the new menace. 

The control of plant diseases is so important in the problem of feeding and clothing the people of the world that 
it would be desirable to systematize the international exchange of information regarding them and their control by 
means of an organization under the aegis of the United Nations. 

INTRODUCTIO::< 

Of all man's natural resources, the most basic are land 
and water. Although this statement is platitudinous and 
may be superfluous, the realization of its truth is of 
paramount importance. After all, the problem of feeding 
and clothing the people of the world by means of the 
products of the land and sea is basic not only to man's 
welfare but to his very existence. As all food is derived 
directly or indirectly from plants, the amount of available 
land, often supplemented by water, and man's skill in 
maintaining its productivity determine how-and how 
many-people can live in the world. Obviously the 
pattern of distribution of the population in a nationalistic 
world will depend on man's intelligence and fairness in 
distributing resources and exchanging materials and 
services. But agricultural and aquicultural production 
must always be a primary concern; as plants are basically 
important, the plant diseases that debilitate or destroy 
them are basically important also. 

THE IMPORTANCE OF PLANT DISEASES 

of the world's principal food and feed crops. The wide
spread devastation caused by such terribly destructive 
epidemic diseases as stem rust of small grains, flax rust, 
late blight of potatoes and tomatoes and many similar 
diseases often result in almost complete and obvious 
destruction. The reduction in acre yields of wheat from 
25 or more bushels to 8 or 10 bushels and the decrease in 
bushel weight from 60 lb. to 50 lb. or less because of stem 
rust are obvious evidence of destruction by disease. Like
wise, the blighted vines and rotted tubers in potato fields 
struck by epidemics of late blight are so tragically con
spicuous as to require no expert to recognize the damage. 
Epidemics of such diseases as these may sweep over 
hundreds or even thousands of square miles with fright
ening rapidity. The destruction of coffee plantations by 
coffee rust in Ceylon, the destruction of the American 
chestnut by the chestnut blight fungus, the ravages of 
the witches' -broom diseases of cacao in certain areas of 
South America and those of the virus disease of cacao in 
West Africa are all too conspicuous. The tristeza disease 
of oranges in certain citrus-growing areas of South Ame
rica and elsewhere, "phony peach", virus diseases of stone 

Plant diseases, insect pests and bad weather are the fruits and western wheat mosaic in the United States are 
greatest natural menaces to stable and efficient produc- just a few examples of virus diseases that were but little 
tion of crop plants, assuming a certain level of soil pro- known or understood until recently but which are now 
ductivity. And all three often combine to cause greater causing heavy losses and, in some cases, drastic, time
damage than either alone. But, alone or in combination, consuming and very expensive readjustments. 
they can quickly destroy growing crops over wide areas Many diseases cause heavy but not especially conspicu
and even cause deterioration or destruction of harvested ous losses. The orange leaf rust of wheat may reduce 
plant products in transit or storage. yields as much as 25 per cent by reducing the size and 

It would be difficult to estimate accurately the average number of kernels without causing appreciable shrivelling; 
annual aggregate or percentage loss caused by diseases hence the magnitude of the damage may not be evident 
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except in extremely severe epidemics. And many dis
eases, including many root rots, may reduce yields con
siderably by causing general unthriftiness of plants with
out betraying their presence to the casual observer. 
This may also be true of certain virus diseases. In many 
countries where population presses heavily on food supply 
the control of minor, inconspicuous or unrecognized dis
eases could help considerably in alleviating shortages. 

Deterioration or destruction of feeds and foodstuffs in 
transit or storage often constitutes a heavy tax on pro
ducer and on consumer. The rotting of fruits, vegetables 
and other stored products is an obvious type of damage. 
But many stored products, such as wheat, barley and 
corn, may deteriorate badly because of the activities of 
micro-organisms whose presence is not even visible to 
the naked eye. The increasing complexity of distribution 
and storage of foods and food products aggravates this 
problem, the full importance of which is just beginning 
to be appreciated, and which deserves thorough investi
gation. 

THE DISSEMINATION OF PLANT PATHOGE:.!S 

Man, insects and the wind are the principal agents that 
transmit the bacteria, fungi, nematodes and viruses that 
cause the most destructive diseases of plants. 

lv!an 

Man has been and still is guilty of transporting diseased 
material on or in propagative parts of plants across 
barriers to the natural dissemination of plant pathogens 
by insects or the wind. Most countries now attempt to 
exclude new pathogens and insect pests by means of 
quarantine regulations. Many of them also give direct 
Dr indirect warning of the presence of dangerous patho

iveness of man as an agent in the dissemination of plant 
pathogens? 

Insects 

Although it has long been known that insects are 
agents of transmission and inoculation of some pathogens. 
it is only during the past few decades that sufficient in
formation has been accumulated to permit proper per
spective on their importance. Not only are they the 
principal agents of dissemination of certain plant pa
thogenic bacteria and fungi and of many viruses, but they 
also contribute to the destructiveness of many pathogens 
that are not completely dependent on their services as 
disease transmitters. Recently it has been found, as 
examples, that billbugs pave the way for the entrance 
into wheat plants of many fungi that cause rotting of the 
basal portions of the sterns. The European corn borer 
similarly facilitates the entrance and development of 
fungi that cause stalk and ear rots of corn. Indeed, the 
fluctuations in regional or seasonal prevalence of some 
diseases is a function of the population shifts of 
certain insects. Co-operation between entomologists and 
pathologists is urgently needed to study these insect
disease relationships and to devise control measures. 

In many cases these insect-disease problems are of 
international importance, as the movements of insect 
vectors may be as dangerous as the movements of the 
plant pathogens themselves, because the insects may 
actually be carrying pathogens on their travels. This 
certainly is true of viruliferous insects that may be carried 
across international boundaries by man or by the wind. 
?vfore information regarding the habits and migrations of 
some insects would contribute greatly to knowledge of 
the epidemiology of many plant diseases as a basis for 
their control. 

gens that should be excluded from areas in which they Wind 
do not now exist. Nevertheless, ignorance regarding 
diseases, apathy, commercial pressures and inadequate The wind is the most effective agent of dissemination 
financial support of plant quarantine organizations often of many plant pathogenic fungi. As the wind does not 
have rendered quarantines ineffective. respect national boundaries, many plant diseases are by 

very nature international in scope and importance; there-
Many of the most destructive plant diseases in many fore there must be clear recognition of this fact in devising 

countries are caused by pathogens that were brought control measures. One of the clearest examples is Puccinia 
there by man. The mildews of grape, white pine blister graminis tritici, the stem rust of wheat in North America, 
rust, citrus canker, chestnut blight, bacterial blight of where wheat is grown almost without interruption from 
apples and pears, downy mildew of hops, powdery mildew south-central Mexico to the prairies and plains of Canada, 
of gooseberries, potato wart, virus diseases too numerous a distance of 2,500 miles. Because there always is growing 
to mention-all these and many more are now present in wheat or susceptible grasses somewhere in this vast area, 
many regions because man took them there. unbroken by natural barriers, there always are spores that 

More effective international co-operation is needed to can be disseminated by the wind. Conclusive evidence 
help protect the world's food supply against the intro- now exists that myriads of rust spores often are carried 
duction of pests and pathogens into regions where they northward from Mexico and southern United States to 
do not now exist, and there must be a wider realization cause destructive epidemics in the principal wheat
of the dangers of new physiologic races of pathogens that growing regions of the United States and Canada. Simi
may have long been present. For many years some inter- larly, spores often are blown from Canada and northern 
nationally-minded plant pathologists have emphasized United States southward in the fall, to cause infection in 
the need for researches to furnish an adequate factual the winter-wheat areas of the south where the rust may 
basis for mutually fair and beneficial quarantine regula- over-winter in the uredial stage, which it cannot do in the 
tions and operations. The world may be shrinking, north; and the next spring it may again spread northward 
according to popular slogan, but it still is big and diverse in successive waves to over-summer there and be ready 
biologically. for air transportation southward again in the fall. What 

Is there sufficient community of interest and enough is done in one country to control the rust is therefore 
organizational talent to reduce the unfortunate effect- important for the others also. 
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Puccinia graminis avenae, the stem rust of oats, follows 
the same general pattern of development, except that 
Mexico is not so greatly concerned because oats is a minor 
crop in that country. 

Not only are }iexico, Canada and the United States 
mutually complementary in the seasonal development of 
stem rust, but new physiologic races originating in the 
area may become established in all parts of it. As new 
rc,ces originate principally in the sexual stage on Berberis 
sf>p. in north-eastern United States, and possibly eastern 
C:mada, the eradication of barberry bushes in those areas 
where they commonly become rusted helps protect all 
three countries against the danger of new races that may 
attack hitherto rust-resistant varieties. 

The relatively recent history of race 56 of Puccinia 
graminis tritici and of races 8 and 10 of P. graminis avenae 
shows clearly how the wind can disseminate inoculum of 
new or rare physiologic races over a vast area, regardless 
of international boundaries. 

Race 56 was first found near rusted barberries in north
central United States in 1928. By 1934 it had extended 
its range virtually throughout the United States, Canada 
and northern Mexico. Subsequently it made its way into 
south-central Mexico and even beyond. Since 1934 it has 
been in general the most prevalent race and caused the 
elimination of Ceres wheat, which had been resistant to 
stem rust prior to the advent of race 56. 

The history of race 8 of Pu,ccinia graminis avenae (and 
the very closely related race 10) is equally spectacular. 
Race 8 had been found sporadically prior to 1938 but in 
that year was found only near rusted barberries in one 
state, Virginia, in eastern United States. By 1946 it 
comprised almost 50 per cent of all of the physiologic 
races isolated in the United States, increased still further 
in prevalence in 1947, by which time it was distributed 
throughout the United States and the oat-growing regions 
of Canada, and had extended its range southward to 
central Mexico. This race attacked the most widely 
grown oat varieties that had derived their stem-rust 
resistance from the variety Richland. 

There are still more dangerous races of P. graminis 
tritici and P. graminis avenae which are found only near 
rusted barberries, principally in the north-eastern part of 
the United States. The possibility must be faced, there
fore, that they may increase as did the races already 
discussed. Accordingly, a breeding programme already 
is under way to attempt to produce varieties that are 
resistant to them. Obviously, the acreage of resistant 
varieties grown in any one of the principal three countries 
involved will tend to reduce the amount of inoculum and 
ttius be beneficial to all three. 

What has been said regarding the wind dissemination 
of Puccinia graminis and its potential consequences is 
true, at least to some extent, of other cereal rusts also. 
In 1949, as an example, certain races of P. coronata 
a venae, the crown rust of oats, and of P. rubigo-vera tritici, 
the orange leaf-rust of wheat, were very abundant in 
southern United States during the late winter and early 
spring; and there is conclusive evidence that they were 
carried northward at least to the Canadian border and 
'ery probably beyond. These races attack recently-
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produced resistant varieties of oats and of wheat, re
spectively. 

Similar problems resulting from wind distribution of 
many other plant pathogens need not be catalogued here. 
There now is evidence that Phytophthora injestans can 
spread from southern United States to northern United 
States in successive waves during a single season and 
cause heavy epidemics of late blight on potatoes and 
tomatoes. 

The suitability of each individual pathogen for wind 
distribution, the economic consequences of this distri
bution, and the measures for minimizing its effects must 
be studied in each individual case. That spores of most 
pathogenic fungi can be carried indefinite distances by the 
wind is obvious. Whether they retain their viability and 
are deposited when and where they can cause infection is 
another question. What is important to remember, how
ever, is that disease epidemics must be studied on a 
regional rather than on a national scale. It is important 
to realize also that physiologic races present in one coun
try of a natural geographic region may eventually make 
their way to other countries by means of the wind. 
Obviously, then, efforts to control these diseases must be 
regional, and often international. 

THE PROBLE:'vi OF )!EW DISEASES 

New diseases appear periodically to upset the natural 
or the man-made biological balance between crop plants 
and their pathogens. The substitution of resistant or 
tolerant varieties for the more susceptible ones is one of 
the important aims of plant science, but the appearance 
of new diseases or new kinds of old ones often reduces their 
value. 

There are a number of principal reasons why new dis
eases appear, even though there is only circumstantial 
evidence regarding some of them. 

The history of plant pathology is replete with examples 
of pathogens that were relatively innocuous where they 
had long existed, but became extremely destructive in 
countries into which they were introduced, sometimes 
because climatic or soil conditions were more favourable 
in the new environment than in the old, and sometimes 
because the pathogens found in their new environment 
species or varieties of economic plants that were far more 
susceptible than those in the region where the pathogen 
came from. This was true of the powdery mildew of 
grapes, downy mildew of hops, the chestnut blight fungus 
and many others. This phase of plant-disease control is 
not merely of historical interest but is of present and 
future concern also. 

It is not necessary to import new species of plant patho
gens into an area in order to create a new disease 
problem. Physiologic races that are quite harmless to 
the varieties in one country may be extremely virulent on 
varieties in another country. 

For example, Reichert concluded a number of years ago, 
as a result of extensive tests, that durum wheats were 
more susceptible than bread wheats to bunt, Tilletia spp., 
in Palestine. The writer and associates came to exactly 
the opposite conclusion as a result of extensive tests i;_ 
the United States. The subsequent discovery of physio-
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logic races in the bunt fungi explained the discrepancy in 
results. Likewise, in co-operative investigations, Roemer 
and Gaines found that the reaction of certain wheat 
varieties to bunt differed in Germany and the United 
States because races of the pathogen w~re different in the 
two countries. At present, durum wheats are very resistant 
to Puccinia rubigo-vera tritici in northern United States, 
but the same varieties are very susceptible in central 
::'\lexico. Examples of known cases could be multiplied 
many times and could probably be multipliedmanytimes 
more if unknown cases were known. 

It is impossible in quarantine inspections to recognize 
physiologic races of plant pathogens by visual inspection. 
Plant materials may appear free from new or dangerous 
pathogens but nevertheless may harbour physiologic 
races that are highly dangerous in the importing country. 

To safeguard against the importation of dangerous pa
thogens, therefore, it is important to realize that most 
species of plant pathogens comprise numerous physiologic 
races. This statement is neither novel nor profound, but 
it is important. 

Quarantines, unless they are completely prohibitive, 
cannot completely prevent the importation of new or 
dangerous· physiologic races; therefore, supplementary 
methods must be devised. 

they quickly replaced older varieties almost completely 
in some of the most important oat-growing areas of the 
United States, only to be eliminated themselves within a 
few years by an apparently completely new disease. This 
suggests the strong possibility that the pathogen H el
minthosporium victoriae may have been present on native 
grasses, or possibly even on certain varieties of oats, in so 
mild a form as to be overlooked. 

It is known that some inconspicuous pathogens of wild 
plants became very destructive on certain varieties of 
cultivated plants. As plant pathology progresses, dis
eases of native plants must be studied further. With the 
limited number of plant pathologists in most countries, it 
is now necessary to concentrate on the most immediately 
urgent economic problems; but the time is overdue when 
diseases of native plants can also be studied. 

Plant pathologists and plant breeders who try to pro
duce resistant varieties are continually faced with the 
menaces of a relatively invisible world of phyto-pathogenic 
organisms. Because of their microscopic size, and indeed 
the viruses are not visible at all by ordinary methods, 
many plant pathogens remain unseen and unknown until 
their destructive effects become conspicuous. 

There should be in all agricultural countries facilities 
for maintaining plant-disease gardens where old and new 
varieties are tested against all their important and po-

It is desirable and should be feasible to arrange inter- tentially important pathogens. In the past, much money 
national co-operation for testing new varieties of most and effort have been partly wasted because of failure to 
crop plants, except, perhaps, tree crops and long-time recognize this elementary but important fact. All too 
perennials. With annual crops, however, there are no often new varieties have been hopefully and widely distri
inherent difficulties. Some testing already is done by buted only to be rendered relatively valueless because of 
informal and voluntary co-operation among plant patho- theirsusceptibilitytosomeunknownor little-known patho
logists and plant breeders of different countries. When gen, or by previously unknown physiologic races of 
disease-resistant varieties are produced in one country, well-known pathogens. International co-operation in this 
they should be tested for disease reaction in other coun- phase of plant disease control could contribute greatly to 
tries that produce the same kinds of crops. This would the efficiency and stability of agricultural production. 
be the easiest and best way of determining the values and The problem of new diseases probably will always 
defects of varieties and would furnish perspective on their remain, because nature is continually breeding new races 
usefulness and the likelihood that they might have to be of old pathogens, and occasionally new species may come 
replaced in the future. It would be a natural method of into being. Mutation is extremely common in some plant 
finding out the geographic distribution of pathogens to pathogens, and occasional mutants are more virulent, at 
which they might be susceptible. Information thus ob- least for some varieties of crop plants, than their parents. 
tained would be valuable in crop improvement and pro- Likewise, many fungi hybridize freely. There may be 
tection in many countries. extensive hybridization between biotypes within a species, 

New plant-disease problems sometimes result from the between species, and even between genera. 
introduction or production of new varieties of crop plants Evidences of hybridization in nature can be obtained 
that are very susceptible to pathogens that have been of more easily with Puccinia graminis than with many 
minor importance. A notable example is the introduction other fungi because it is localized on the alternate host, 
of Marquis wheat into the United States about thirty-five Berberis spp., and because physiologic races have been 
years ago. Prior to the advent of Marquis, Fusaria] head extensively studied and their pathogenicity can be deter
blight had been only a minor disease, but .Marquis proved mined readily. There has been a gradual decrease in the 
to be so susceptible that the disease quickly assumed number of races of P. graminis tritici with the progress of 
major importance where weather and cropping systems barberry eradication in northern United States. From 
favoured its development. As the varieties that Marquis 1938 to 1947, inclusive, four races only were important, 
replaced were so inferior in many other characters, they each year, comprising more than 90 per cent of all races 
have not been brought back into general cultivation, identified. But from the immediate vicinitv of a barberry 
although some have been used as parents in a programme in eastern United States, twenty-five race"s and biotyp~s 
of breeding resistant varieties. were isolated, of which four were new and five were more 

A more recent example of a catastrophe following the virulent on some varieties than any of the four generally 
introduction of new varieties is the development of the prevalent races. Again, in 1948, 96 per cent of the isolates 
Helminthosporium blight of Richland x Victoria crosses obtained from 1,060 collections of rusted wheat in the 
of oats. Because they had so many valuable characters, United States were races 38, 17, 56, 59, and the first three 
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constituted 93 per cent of the total. From a small local 
eF·idemic near barberries, however, nineteen races and 
biotypes were isolated from only eight collections. More
o,·er, the most virulent race ever found in North America, 
race 15, was isolated from near barberries in five states of 
eastern United States, but did not occur elsewhere, except 
in one doubtful case. These results were obtained in co
operative studies between the United States Department 
of Agriculture and the University of Minnesota. 

In addition to mutation and hybridization, hetero
caryosis may also account for the production of new 
types. 

GENERAL CONTROL MEASURES 

Control measures for plant diseases often are grouped 
under the headings exclusion, eradication, protection and 
immunization; but attempts to place certain specific 
measures into these categories may lead to confusion. 
No attempt can be made in this paper completely to 
catalogue progress and problems in control measures, but 
in many respects all control measures have certain inter
national implications. In any case, rapid interchange of 
information and materials would promote much more 
rapid progress than has been made in the past. 

Quarantines 

Extensive knowledge concerning pathogens and their 
physiologic races is prerequisite to fair and effective 
quarantine regulations and procedures. Provision should 
be made for much more rapid exchange of essential in
formation than has been possible in the past. 

Eradication 

As used here, eradication is restricted to attempts to 
stamp out diseases completely, as in the case of citrus 
canker in Florida, and to the eradication of alternate 
hosts, as in the case of the heteroecious rusts, or of "carrier 
plants", as in the case of wild plants that are hosts 
to certain viruses and are therefore "reservoirs of in-
fection". 

As many eradication campaigns must be made on a 
regional basis to be most effective, is it too much to hope 
that internationally co-operative efforts can be recognized 
as being equally important in this field as in the fields of 
animal and of human diseases? When, for example, 
alternate hosts of rust fungi not only produce large 
amounts of inoculum that can be carried far and wide by 
the wind and also constitute a menace as the breeding 
ground for new races, eradication, if feasible, should be 
undertaken on a regional basis, even if it requires inter
national agreements and co-operation. 

There should be a wider realization of the long range 
importance of many of these eradication campaigns, some 
of which are wars of attrition against diseases, and, even 
if not immediately and completely effective alone, con
tribute to the success of other methods and thus help 
bring diseases under practical control. 

Chemical control 
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from the patent-medicine stage. The use of certain 
fungicides for specific purposes and at appropriate times 
has resulted in far greater effectiveness in controlling 
many diseases without the severe injury to the host that 
in times past sometimes more than offset the value of the 
treatment. 

There are some indications that chemotherapy may 
soon take its place among respected control measures; 
promising results have been obtained and it is to be hoped 
that some of the present promises may be fulfilled. As 
in other fields of plant-disease control, systematized 
interchange of information would be highly desirable. 

Cultural practices 

Crop rotations that reduce the severity of diseases are 
standard practice in many agricultural areas, even if not 
devised especially as disease-control measures. The pro
mising results obtained in reducing the destructiveness 
of Phymatotrichum root rot of cotton by the use of green 
manures or their equivalent suggest that cropping systems 
may be devised to reduce the effects of many pathogens 
that attack roots or basal parts of plants. For a number 
of years sporadic studies have been made of organisms 
antibiotic to plant pathogens, and recent results suggest 
strongly that many soil organisms are antibiotic to cer
tain root-rotting fungi and may be useful in minimizing 
their effects. But it is known also that some micro
organisms are deleterious to crop plants without para
sitizing them. There is need for thorough study of the 
possibility of devising soil-management practices to en
courage the development of beneficial micro-organisms 
and to inhibit that of harmful ones. 

There is a considerable volume of literature on the 
effects of mineral nutrition on the development of plant 
diseases. More precise studies and more refined analysis 
of results are needed to determine the effects of various 
combinations of mineral nutrients and of trace elements 
on the predisposition to disease or protection against 
them. 

Resistant varieties 

It is axiomatic that the use of disease-resistant varieties 
of crop plants is the ideal control measure whenever 
feasible. Spectacular progress has been made in this 
field, but there have been many disappointments also. 
Resistance in many cases has been temporary because of 
inadequate testing before distribution or because of the 
appearance of new physiologic races of pathogens or the 
increase in prevalence of old ones. The breeding of resistant 
varieties often is difficult because of the number of 
desirable characters that must be combined, because of 
the occasional handicap of genetic linkages between 
factors for desired and undesired characters, and the 
difficulties and labour required to collect and isolate all 
the pathogens against which the breeding materials 
should be tested in artificially-induced epidemics. More 
information is needed about physiologic races of pathogens 
in order that resistance of varieties in the making may 
be subjected to adequate tests, and much more needs to 
be learned about the nature and variability of disease 

Remarkable results have been achieved in the improve- resistance. It is known, for example, that certain varieties 
ment of seed disinfectants and fungicidal dusts and of small grains are highly resistant to some physiologic 
sprays. At last this phase of plant pathology is emerging races of rusts at moderate temperatures but completely 
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susceptible at moderately high temperatures. Attempts 
to develop resistant varieties without pertinent and ade
quate information regarding the genetics of both the 
host and the pathogens are likely to be disappointing 
sooner or later. A minimum requirement is the use of 
"plant-disease gardens" in which attempt is made to 
subject the prospective varieties to attack by those 
pathogens and races of pathogens which they are likely to 
encounter after they are distributed and grown commer
cially. 

International co-operation 

In many cases there are no natural barriers to the 
international dissemination of plant pathogens, and arti
ficial barriers often are ineffective; accordingly, disease 
control on an adequate scale becomes a regional and 
often an international problem. Unfortunately, however, 
most plant pathologists cannot migrate as freely as many 
plant pathogens. This gives the pathogen a decided ad
vantage. 

Many plant scientists long have recognized the need 
for international co-operation in plant improvement and 
plant protection and have practised it within the limits 
of their abilities and facilities. There are international 
scientific societies that do what they can to help meet 
some of the needs for co-operative effort to which all too 
brief allusions have been made in this paper. But too 
often good intentions and well-conceived plans are abortive 
because of the lack of a definite organization whose 
definite function it is to capitalize intentions and imple
ment plans. 

Eecognizing the need for systematized exchange of 
information on plant diseases and their control, the 
American Phytopathological Society, through its Com
mittee on International Co-operation, made the following 
proposals to plant pathologists in a number of countries 
to provide for the following: 

1. Exchange of information and materials in connexion 
with the development of disease-resistant varieties of 
plants. 

2. Exchange of information and possibly materials in 
connexion with new and improved methods and materials 
for plant disease control in general. 

3. Provision for exchange of information regarding 
outstanding developments in plant pathology in various 
countries, particularly outbreaks of new or unusual dis
eases. 

The responses were favourable and in many cases 
enthusiastic. But the difficulties of carrying out such a 
plan are obvious depending as it does on the voluntary 
services of pathologists who already are busy with pressing 
duties. 

The need is urgent; is not the United Nations the 
appropriate organization to meet it? 
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Plant Diseases in the United Kingdom 

W. C. MOORE 

ABSTRACT 

Attention is drawn to the chief advances in plant disease control in the United Kingdom in recent years, and some 
figures are quoted to show the extent of loss from disease, the cost of applying control measures, and the benefits 
gained. The advances include details of the use of: 

(i) Organa-mercury dusts for disinfecting seed of cereals, sugar-beet and peas, 

(ii) Tetramethyl-thiuramdisulphide for disinfecting flax and linseed seed, 
(iii) Mercurous chloride for controlling white rot (maladie blanche) of onion, 
(iv) Copper compounds and haulm killing materials for controlling potato blight (mildiou), 

(v) Chlornitrobenzene in controlling dry rot (pourriture seche) of potato and preventing wastage due to 
premature sprouting in storage. 

Reference is made to health certification schemes for potatoes, soft fruits, and hops. The importance of rotation 
in avoiding foot rot (pielin) of cereals is stressed, and an explanation is given of an unprecedented attack of "take
all" (pii?tin·echaudage) in 1948. 

Over 1,000 diseases have been recorded on crop plants 
in England and Wales, and of these about thirty are of 
considerable economic significance in food production in 
the United Kingdom, though the losses caused by them 
vary greatly in amount from year to year and district to 
district. Some of them should cease to be economically 
destructive as soon as recently discovered methods of 
control are generally applied, while others, at one time 
important, have already lost much of their significance 
following the general adoption of effective control 
measures. Only major recent achievements and present 
trends can be included here, and figures will be quoted 
only where they are regarded as reliable. 

CHEMICAL MEASURES OF CONTROL 

Se,;d treatment 

caries) in wheat, covered smut [charbon couvert] (Ustilago 
hordei) of barley and oat smuts, as well as the stripe 
disease [taches des feuilles] (Helminthosporium spp.) of 
barley and oats, and it improves seedling emergence. The 
benefits cannot be measured accurately but the smuts 
referred to are now of quite minor importance, and the 
stripe diseases, which were widespread and severe fifteen 

ago, are now of little consequence except in some 
the wetter districts. 
(b) Sugar-beet. For some years sugar-beet seed has been 

disinfected as a routine measure with an organo-mercury 
dust before sowing. The treatment is carried out centrally 
before the seed is distributed. With 400,000 acres of 
sugar-beet in England and Wales and 12,000 in Scotland, 
about 17 tons of dust, equivalent to t ton of metallic 
mercury, is required. The cost per acre (about three
pence) is negligible. The disinfection improves emergence, 

(a) Cereals. Cereal seed disinfection with organo- but the extent to which it reduces the over-all loss caused 
mercury dusts has made much headway since the by seedling some of which are not affected by 
thirties, and the campaign for routine disinfection vigor- the treatment, is a matter of opinion. 
ously carried out during the war, when emphasis was laid (c) Flax and linseed. It became a matter of vital im
wholly on these dusts, gave a big impetus to the process, portance during the war for the United Kingdom to be
particularly when an adequate supply of seed dressing come virtually self-sufficient in the production of flax 
machines became available. In England and Wales about fibre and flax sowing seed, and acreages rose steeply in 
70 per cent of wheat and about 50 per cent of and 1940 from 20,000 to 120,000 in Northern Ireland and 
oats, and in Scotland and Northern Ireland at least 75 from 1,500 to 60,000 in Great Britain. Most flax diseases 
per cent of all cereals, are now disinfected before sowing. are seed-borne and a special effort was therefore made to 
This rt>quires 900 tons of dressing containing 14 tons of eliminate the danger from these by seed disinfection with 
metallic mercurv. Present acreages are roughly 2 millions a non-mercuri8.l dust containing tetramethyl thiummdi
each for wheat and barley and 3! millions for oats. At sulphide. Since 1941 the disinfection process has been 
th·>. customary rates for sowing and dressing, and using applied centrally as a rontine measure to all flax seed 
a dust containing 1.5 per cent metallic mercury, the intended for sowing. It cost about £125 per 1,000 acres, 
amount of dust required per million acres varies from and Muskett and Colhoun estimated that during the war 
180 tons (2.8 tons Hg) for wheat to 220 tons (3.2 tons Hg) years the value of the United Kingdom flax crop was in
for oats. Efforts are now being made to increase the creased by some £2 million as a result of disinfecting the 
percentage of barley and oats treated. seed. Perhaps the greatest practical proof of its efficacy is 

Cereal seed disinfection costs £50 to £75 per 1,000 that all the kno-wn potentially destructive diseases were 
acres. The bulk of it is carried out by seed merchants reduced to negligible proportions whereas the one dis
us,ng continuous action machines capable of handling ease against which the treatment was ineffective, namely 
50 to 80 bushels per hour, but some is done on the farm foot rot ( Phoma sp.), has developed in eight years from a 
with simple gravity machines or hand machines of the disease of academic interest only to one that is now 
churn type. The treatment controls Bunt [carie] (Tilletia causing concern. 
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In the last three years flax acreages have fallen rapidly, 
and linseed acreages have risen from 11,000 to nearly 
90,000. Efforts are being made to ensure that linseed seed 
is also disinfected in the same wav as a routine measure, 
but there is a practical difficulty- because the treatment 
cannot be applied centrally as with flax. The cost should 
be reduced to about £45 per 1,000 acres because of the 
big difference in seeding rates. 

(d) Peas. This crop is important commercially in 
England and Wales where nearly 300,000 acres are grown 
for dried peas, green peas, and stock-feeding. A common 
cause of failure in early sown crops, especially if the soil 
is cold and wet shortly before sowing, is pre-emergence 
damping-off. The seeds or seedlings rot below ground 
due to the attacks of various soil organisms. About ten 
years ago it was shown that this trouble can largely be 
overcome by seed-treatment with organo-mercury dusts 
or with cuprous oxide. Some seed merchants offer seed 
treated with organo-mercury dusts (about i- ton of which 
is required to treat sufficient seed for 1,000 acres) but the 
treatment is not extensively carried out or regarded as a 
necessary routine measure, perhaps partly because it has 
little or no effect on leaf and pod spot [taches noires J 
( Ascochyta spp.) chief economic disease affecting the crop. 

(e) Onions. A major disease of this crop is white rot 
,[maladie blanche] (Sclerotium cepivor~tm) and special sur
veys show that about one-sixth of the 12,000 acres de
voted to onions in England and Wales is contaminated 
with it. No eradicant measures are available but quite 
recent research has shown that satisfactory crops can be 
grown even in contaminated soil by treating the seed 
before sowing with Calomel B.P. (mercurous chloride) 
used at the rate of 30 lb. per bushel (40 lb.) of seed, and 
this method will probably soon be put into commercial 
practice on a small scale. An alternative method of 
broadcasting 4 per cent calomel dust at the rate of 2t cwt. 
per acre just before sowing is less effective. 

(f) Potato. A very recent development of great promise 
is the discovery that a dust containing 3 per cent tetra
chlornitrobenzene gives effective control for dry rot 
IPourriture seche] (Fusarium spp.) of potato, a storage 
disease that destroys hundreds of tons of potato tubers 
every winter, and thousands in some seasons. The tubers 
must be treated within forty-eight hours of lifting. The 
dust also represses sprouting and therefore serves the dual 
purpose of controlling dry rot and preventing sprouting 
and consequent wastage in storage. It appears to be non
poisonous. The treatment is now passing beyond the ex
perimental stage and is likely soon to be applied commerci
ally on a wide scale. At 10 lb. of dust per ton, the material 
to treat 100 tons costs about £50 at present prices. 

Soil treatment 

Compulsory cropping of glasshouses with food crops 
during the war greatly increased the risks of disease under 
continuous cropping with tomatoes. The remedy was to 
hand and, through demonstration and publicity, partial 
soil sterilization became accepted as an essential operation. 
This has been a striking advance of recent years, and is 
fully reflected in tomato yields. The supply of boilers was 
a limiting factor to the amount of steam sterilization that 
could be done and chemical means had to be employed. 

Formaldehyde (40 per cent) proved to be the most effect
ive chemical and nearly 2,000 tons (450,000 gal.) was used 
annually to supplement steam sterilization in the 3,000 
acres under glass in Britain. 

Spraying 

Spraying potatoes with copper compounds against 
blight [mildiou] (Phytophthora injestans) is a routine 
operation in Northern Ireland. In Britain intensive 
campaigns have been carried out to encourage protective 
spraying of maincrop varieties, and these have met with 
considerable success in south-west England and other 
coastal regions where blight is important as the cause of 
premature decay of the foliage. In Devon and Cornwall, 
for instance, it has been proved experimentally that, 
under reasonably good soil conditions, twice sprayed 
crops from certified seed give a net gain of over two tons 
of potatoes per acre. In inland areas, where the foliage 
is not normally killed until late in the season, the results 
of the campaign were less successful. Spraying outdoor 
tomatoes against blight is a routine matter. About 4,000 
tons of copper sulphate are used annually in Britain for 
all agricultural purposes, including potato spraying, for 
which 100 tons is required for every 10,000 acres twice 
sprayed, but not a high proportion of the million acres 
at present devoted to the crop is sprayed. 

In all parts of the United Kingdom it is now becoming 
increasingly a routine operation to protect potato tubers 
from infection by blight at lifting time by killing the 
haulms a week or two before harvesting. In Britain this 
is mainly carried out under contract using sulphuric acid 
at 12 gal. B.O.V. per acre. In Northern Ireland a 2 per 
cent solution of sodium chlorate applied at 100 gal. per 
acre is preferred. Certain tar acid compounds are equally 
effective but costly. 

A random sampling of potato clamps throughout Eng
land and Wales in 1943 indicated that, in a year when 
tuber losses were about normal, blight was responsible 
for an average loss of 3 per cent of the tubers, equivalent 
to 200,000 tons on the basis of present acreages and 
yields. 

OTHER MEASURES OF CONTROL 

Rotation 

An unprecedented epidemic of "take-all' [pietin-echau
dage] (Ophiobolus graminis) of cereals in England in 1948 
focused attention on the importance of adequate rotations 
for soil-borne diseases. In pre-war days when rotations 
were normal, take-all was severe only one year in five. 
The more continuous cropping of cereals during the war 
increased the risks of this disease and every other year 
became a "take-all" year. The parasite survives in the 
soil only on stubble residues and the roots of weed 
grasses. The stubble normally rots within a twelve
month, so that provided grass weeds are kept down, a one
year break from cereals in the rotation is sufficient to 
keep the disease under control. In 1948, however, in 
addition to the normal epidemic that was expected after 
a mild winter and wet summer, serious attacks occurred 
on land where there had been a one-year break the previ
ous year. The explanation proved to be that the infected 
stubble from 1946 had failed to rot, first because it was 
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fr·nen hard in the ground during the severe winter of 
1\146-194 7 and later because the soil remained too dry 
during the very hot dry summer of 194 7. The effect of the 
one-year break was therefore nullified. 

A three-year break from wheat and barley is often 
m·cessary where severe attacks of eyespot [pietin-verse] 
(Cercosporella herpotrichoides) have occurred. 

H calth certification schemes 

A most encouraging development in the United King
dom in the last few years has been the introduction of 
health certification schemes by the Department of Agri
culture. They are designed primarily as an effective 
weapon against virus diseases by providing the grower 
with healthy planting stock of guaranteed purity. Health 
certification of potatoes, begun in Scotland in 1931 and 
in England in 1940, has already led to a marked reduction 
in the amount of severe virus diseases, and equally good 
results can be anticipated with other crops, for similar 

AHMAD ET AL. 

schemes are now in progress for strawberry, raspberry, 
black currant and hops. Some of them are linked with 
compulsory orders that restrict sales to certified material. 
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Some Popular Methods of Plant Diseases Control • 1n Pakistan 

TASKHIR AHMAD with the assistance of S. Z. HASANAIN and A. SATTAR 

ABSTRACT 

In sugarcane, crossing with indigenous varieties and with the wild species, S. spontaneum has given resistance 
against mosaic, wilt and red rot. Wheat varieties resistant to rusts and loose smut, and gram varieties resistant to 
blight and wilt are being evolved by crossing. 

Mixed cropping is an important practice and acts as rotation in time and space. Cotton sown with Andropogon 
sorghum or Phaseolus aconitifolium escapes root rot by 50 to 60 per cent. Gram sown with cereals or oilseeds 
is less infected with blight and wilt than if sown alone. 

Faddy nursery soils in many regions are heat-sterilized as a routine measure. Seedlings raised on such beds 
often escape many diseases such as "ufra" (1 ylen• hus sp.). Tea rust is successfully controlled by improving soil 
drainage. Wilt of gram ar.d wheat bunt are substantially reduced by delaying sowing time. Cotton root rot is the 
worst in May-sown crop. April or June sewings get appreciably less infection. Flag smut of wheat is checked by 
sewing early or in wet soil For controlling loose smuts of wheat and barley, solar heat has been successfully employed 
in place of hot water. Dressing with crude country sulphur of 56 to 75 per cent purity has been found to check grain 
smut of sorghum effectively. 

Regions included in the State of Pakistan are among 
the first to have evolved a systematized and organized 
agriculture. Thus, the Indus Valley civilization is re
g;lrded both for its antiquity and the richness of its culture 
as on a par with the Egyptian, the Assyrian and the 
Chinese civilizations. Until recently, Pakistan was jointly 
administered along with India as one political unit, and 
all its activities including plant protection were co
ordinated with those of India. The present account, there
fore, although formally on behalf of Pakistan applies more 
or less to the entire Indo-Pakistan subcontinent. 

BREEDING FOR THE CONTROL OF PLANT DISEASES 

In some crops such as sugarcane, breeding work has 
been in progress during the last half century, while in 
others it is only about a decade old. Some of the major 
achievements in this line are given below. 

. Sugarcane 
The indigenous thin canes of the subcontinent known 

as the desi canes are resistant to many diseases such as 

mosaic, red rot and wilt. These varieties as well as the 
wild Saccharum species, S. spontaneum have been freely 
utilized in the breeding work, and a number of varieties 
have been evolved which possess a marked degree of 
resistance to these and other diseases. That is undoubt
edly the reason why some of the most virulent diseases of 
this crop are of relatively minor importance here. In this 
connexion, the case of variety Co 213 is instructive. Till 
1938, it was a very popular commercial variety in northern 
India, with millions of acres under it. This vast area be
came the scene, in 1938-1939, of one of the most severe 
epiphytotics of red rot which reduced the crushing in one 
year by about two-thirds (3) 1• Investigations revealed 
that a new strain of Colletotriclmm falcatum had built up 
to which Co 213 was specially susceptible. The situation 
was saved by substituting other varieties, most successful 
of which are Co 290 in the North Western Frontier 
Province and B 6308 in West Punjab . 

1 ::>Tumbers within parentheses refer to items in the bibliography 
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[f'heat 

Rust diseases are said to cause more damage than all 
other diseases of wheat combined. In 1947-1948 alone, 
rusts are estimated to have caused a Joss of about 2 million 
tons of wheat in the subcontinent (7). The problem is 
complicated by the fact that taking the subcontinent as a 
whole, all the three rusts are of almost equal importance 
(6). Good progress, however, has been achieved in the 
breeding work and a number of hybrids possessing a 
high degree of resistance to the brown (leaf), yellow 
(stripe) and black (stem) rusts, respectively, of wheat have 
been evolved. In this work, resistance has been obtained 
from Mediterranean, April-bearded and Bobbin-Gaza for 
brown rust, Puccinia mbigovera tritici, from Spalding's 
Prolific and Carsten's V for yellow rust, P. glumarmn, 
and from the Kenya hybrids and the Australian variety 
Hopfed for the stem rust, P. graminis tritici. Some of 
these resistant hybrids under trial are also highly resistant 
to loose smut, U stilago tritici, having derived this character 
from their indigenous parents, Pusa 114, Pusa 120 and 
Pusa 165 (8). Resistance to loose smut is specially im
portant for Pakistan where infection up to 30 per cent 
has been recorded in some nlaces in the Punjab. 

Gram 

The blight disease of gram, Cicer arietinum, caused by 
11Jycosphaerella rabiei Kov. is specially severe in some of 
the western districts of the Punjab and is estimated to 
have annually caused damage amounting to nearly one
half of the crop in some 100,000 acres. One exotic type, 
F 8, however, was found to possess a high degree of re
sistance to blight (5). Although F Slater proved susceptible 
to wilt, two progenies of a cross between F 8 and a local 
variety Pb 7 and known as C 62- 18 and C 12-34 have 
been found satisfactory in yield and quality, resistant to 
blight and not specially susceptible to wilt. Blight is, 
therefore, no longer the serious problem it once was (7). 

Potatoes 

In potatoes, the South American species, Solanum 
demisswn, S. andigenum, etc., have been used to introduce 
resistance to blights and other diseases into the com
mercial varieties. Some of the demissum hybrids are said 
to compare favourably with standard commercial va
rieties both in yield, quality and tuber size. 

CROP ROTATIONS FOR DISEASE CONTROL 

The practice of crop rotations is very old in the sub
continent and its value is fully appreciated. Besides this, 
"mixed cropping" (by which is meant the growing in the 
same field of a mixture consisting of two or more different 
types of crops) is widespread with annual field crops, 
specially on non-irrigated lands. Thus cereals with 
legumes, cotton with grain sorghum, i.e., Andropogon 
sorghum, cotton v.rith legumes and millets are the common 
mixtures. It has been called a sort of "rotation in tabloid 
form in time and space" and "a means of providing an 
exhaustible supply of nitrogen for the soil, which has 
done more to uphold the fertility of Indian soil than any 
other practice" (1). That it might also be serving as a 
measure of plant disease control has begun to be appreci
ated only recently. 

The case of cotton root rot is an example. This disease 
has sometimes destroyed as much as 90 per cent of the 
crop at places in the Punjab. Experiments, however, 
have shown that whereas in the cotton crop sown alone, 
68.5 per cent plants had died due to root rot, an average 
of only 3.4 per cent were killed in plots where a mixture 
of cotton and sorghum had been put in, and barely 
0.8 per cent in plots where cotton had been sown mixed 
with "moth", Phaseolus aconitijoli1tm (lO). 

Similarly when gram is sown mixed with another crop, 
plants of the latter act as partial barriers to the quick 
spread in the soil of the gram wilt organism, Fusarium sp. 
A more effective hindrance is presented by a mixed crop 
to the splashing over of spores of the blight fungus, Myco
sphaerella rabiei from one gram plant to another through 
rains. Gram in a mixed crop, e.g., with wheat, barley and 
mustard, therefore, generally suffers less from wilt and 
blight than when sown alone (7). 

CROP SA::-.IITATION 

One of the most widespread measures is the after
harvest ploughing and turning up of the soil with the 
advent of summer showers or as soon as water is available 
to soften the soil. Weed seeds, fungus spores, etc., lying 
in the soil thereby germinate and disintegrate. 

Among the special farming practices which work 
towards crop sanitation may be mentioned "rabbing" 
or the slow burning of paddy seed-beds. 

For these beds, somewhat elevated and well-drained 
plots are chosen. These are then spread over thinly with 
layers of broken cow-dung, alone or mixed with paddy 
straw and husk and the whole made to bum slowly. There 
is evidence to show that the practice results in soil steri
lization and crop sanitation. Thus, for example, the ufra 
disease, caused by Tylenchus sp., is almost absent in crops 
raised from "rabbed" nurseries even when adjacent fields 
of broadcast paddy are severely diseased. Experiments 
have shown that this is due to the fact that ufra is most 
severe on germinating seedlings, and crops ·seeded on 
sterilized beds and later transplanted remain compara
tively free from the disease by escaping infection at this 
critical stage. 

An example of a disease which ha..'> been effectively 
checked by the adoption of a rather simple sanitary 
measure is the red rust of tea which at one time was a 
source of great damage. Later, however, it was observed 
that rust was harmful only in conditions of defective 
drainage. \\Then drainage of the affected plantations was 
improved, the disease ceased to be serious. The number 
of bushes in a field may not have altered but the con
ditions no longer allowed sufficient multiplication of the 
organisms to do serious harm (9). 

CULTURAL PRACTICES 

Altering the time of sowing 

Among the more important of cultural practices re
commended is altering the normal sowing time so as to 
"predispose" the crop to resist disease. The wilt of gram 
is a case in point. Sometimes this disease takes on 
"alarming proportions" over large areas, particularly in 
the drier portions of the 16-million acres devoted to the 
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crop. Delaying the date of sowing, however, until the 
middle of October, that is, by about a fortnight only, 
sL.bstantially reduces the losses. Further delay, although 
resulting in still further decrease in infection, causes a 
poor development of the plants. The case of wheat bunt 
is similar. While it does not attack the wheat in the 
plains, it occurs in the most severe form in the hills. In 
Baluchistan it causes a loss of from 5 to 20 per cent while 
as much as 40 per cent infection is not uncommon in 
Kashmir. Field temperatures favourable for the develop
ment of these organisms have been found to lie between 
40 degrees F. and 65 degrees F. and crops sown up to 
early November are liable to be infected while those sown 
later escape the damage. For the control of flag smut of 
wheat, on the other hand, early sowing is helpful. The 
crop does not catch infection when sown by the middle 
of October while it may produce as high as 70 to 80 per 
cent of infected plants when sown from 10 November 
onwards. 

In the case of root rots of cotton in the Punjab, May 
temperatures are most conducive to the development of 
the disease. Thus crop sown either in April or late in 
June escapes infection while that sown in May results in 
heavy damage. Adjusting the sowing time accordingly 
reduces losses from root rot to a considerable extent (10). 

Irrigation 

Irrigation, judiciously applied, is another method by 
which certain diseases can be checked to an appreciable 
extent. Thus investigations on the flag smut of wheat, 
covered smuts of barley and oats, grain smuts of sorghum 
and the smut of sugarcane have shown that the incidence 
of the diseases is very much reduced when these crops 
are sown either in wet soils or soils to which water has 
been applied immediately-that is, up to twenty-four hours 
after sowing. Irrigation applied a week or more later is 
ineffective. This practice is being followed ·with advantage 
in those smut-infested regions where irrigation facilities 
are easily obtainable. 

Other practices 

One rather ingenious method for controlling loose 
smuts of cereals is the so-called "solar energy method", 
developed in the Punjab. It consists of soaking wheat 
seed in ordinary water for four to six hours and then 
spreading this in the sun to dry. Germinating mycelium 
of the smut, U stilago tritici, is thereby killed. The treat
ment is carried out in summer when the temperature in 
shade may not fall below 100 degrees F., otherwise the 
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method is ineffective. This method is a great improve
ment over the "modified hot-water treatment" since it 
eliminates the use of a thermometer and other accessories 
and has been very popular in the Punjab (4). It is, 
however, naturally applicable only under tropical and 
subtropical conditions. 

Chemical methods of control 

As elsewhere, the copper carbonates and the organic 
mercurials have been found effective in controlling most 
of the bunts, covered smuts and root rots. Amongst 
these diseases, Helminthosporium of rice deserves special 
mention. This disease is believed to have been one of the 
major causes of the serious shortage of the paddy crop of 
1942-1943 which led to the disastrous famine in Bengal 
in that and the following year (11). Although immersing 
the seed for ten minutes in water at 55 degrees C. gives 
partial control, the treatment is cumbersome and has not 
always proved effective. Sphacelotheca sorghi, the grain 
smut of sorghum, is considered to cause an annual loss in 
yield of 5 per cent or about 325,000 tons. Good control 
of this disease can be had very cheaply by dusting the 
seed >vith sulphur. Even quite crude, indigenous sulphur 
containing as little as 56 to 75 per cent sulphur gives 
excellent control of the smut, indicating that the high 
degree of fineness and purity usually considered important 
is not essential for controlling the disease under our 
conditions (7). 
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Disease Control of Agricultural Crops in Hawaii 

J. W. HENDRIX 

ABSTRACT 

The grower of agricultural crops in Hawaii, as well as elsewhere, has experienced moderate to severe economic 
losses from diseases and at times total crop failures have resulted. It is estimated that losses of as much as 25 per cent 
of all crops are sustained annually by island growers. Diseases of some crops, in fact, have been of such importance 
as to threaten the economic survival of the industries built around them. 

The successful control of diseases in many instances has been achieved by the use of fungicides and soil fumigants, 
the development of disease-resistant varieties, the manipulation and control of environmental conditions, andjor the 
selection of disease-free seed. In addition, invaluable service has been rendered to island agriculture by strict enforce
ment of regulations designed to exclude plant pathogens and other plant enemies from Hawaii. 

To appreciate fully the importance of plant diseases in 
Hawaii, the role played by them in shaping the course of 
local agricultural activities, and the needs and means for 
controlling them, it is necessary first to know something 
of the nature and magnitude of Hawaiian agriculture. 
The factors which influence the introduction of disease 
agents into the Territory, and the conditions which in
fluence their development and spread must also be con
sidered. At present approximately 296,000 acres are 
under cultivation in Hawaii. About 215,000 of these are 
devoted to the culture of sugarcane, 68,000 acres to 
pineapples, and 13,000 acres to diversified agriculture 
(exclusive of range and pasture land). The gross annual 
values of these crops are approximately $93 million, 
$60 million, and $9 million, respectively (3)1. 

The Hawaiian Islands are separated from major land 
bodies by approximately 2,000 miles of ocean and the 
main group lies between 18° 55' and 22° 15' North lati
tude. Annual precipitation within the farming districts, 
ranges from 10 in. to more than 200 in. and the temperature 
extremes are from about 52 to 89 degrees F. (4). At 
elevations below 3,500 ft., the climate is conducive to 
year-round crop production. These features, from the 
standpoint of plant diseases, work both to the good and 
to the detriment of agriculture. The surrounding expanses 
of ocean provide effective protection against the invasion 
of pathogenic agents from outside sources. The wide 
range in climatic conditions and the wide diversity of 
plant types, however, create favourable conditions for 
the establishment and spread of many that are accidently 
introduced by man. 

From the time Hawaii's doors were opened to western 
civilization until organized agriculture was definitely 
under way, great numbers of horticultural and agronomic 
plants were introduced for food, range and ornamental 
purposes. Accompanying these introductions were un
doubtedly large numbers of plant pathogens and other 
plant enemies. Thus the present diversity of pathogenic 
agents in Hawaii is wide and estimates of annual losses of 
as much as 25 per cent for all crops have been made (19). 

Diseases of many island crops were of importance long 
before their causes were recognized. Thus, early records 
indicate losses of more than 80 per cent of sugarcane 
stands over extensive areas. Eventually plant diseases 

1 Numbers ·within parentheses refer to items in the bibliography. 

became of such concern that in 1905 a department of 
plant pathology was established at the Experiment 
Station of the Hawaiian Sugar Planters' Association. A 
recent account describes the contributions of this depart
ment (17). The pineapple was likewise beset by sundry 
agents and in 1929 the task of determining and controlling 
them was placed in the hands of a newly formed depart
ment of plant pathology in the Pineapple Research In
stitute of Hawaii. \Vork on pineapple diseases, however, 
had been done by various agencies for at least twenty 
years prior to 1929. In 1936 a pathology department, 
which has since devoted its efforts and facilities to the 
control of diseases of diversified crops, was organized at 
the University of Hawaii Agricultural Experiment 
Station. 

In controlling plant diseases in Hawaii two major 
groups of causal agents have received consideration
those that occur locally and those that occur abroad but 
which constitute a threat if introduced. In dealing with 
the first group, the pathologist has solicited the co
operation of chemical manufacturers in providing suit
able protective materials, of the plant breeders in develop
ing disease-resistant varieties, and of the horticulturist or 
agronomist in manipulating cultural conditions to avoid 
the build-up of pathogens. In dealing with the second 
group, the scientist has aided the legislative body in 
instituting legal restrictions against the entrance and 
movement of infective plant stock. 

CONTROL OF DISEASES WITH 

FUNGICIDES AND SOIL FUMIGANTS 

The use of fungicidal protectants on truck crops has 
been heavily relied upon for combating an assortment of 
leaf, stem, andfor root diseases. Until 10 years ago 
Bordeaux mixture was used almost exclusively for this 
purpose but its popularity is now waning. Ne~ and im
proved fungicides have found favour among island farmers 
and certain diseases which formerly defied control are 
now of no economic importance. The "fixed" or "in
soluble" copper fungicides including the basic sulphates 
(e.g., tri-basic copper sulphate}, the basic chlorides (e.g., 
copper oxychloride), and the oxides (e.g., yellow cuprous 
oxide) are in increasing demand, particularly for crops 
grown at the lower elevations. 

A few years ago a number of different types of organic 
compounds possessing marked fungicidal properties ap-
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pt:ared on the market and many of them have been in
v<stigated for adaptability in Hawaii. The iron, zinc and 
sodium salts of dithiocarbamic acid have proved of ex
treme value and are now widely accepted. In comparative 
trials, early blight (Alternaria solani) and gray leaf spot 
(S'temphylium solani) of tomatoes were controlled excep
tionally well by zinc, iron and sodium forms of dithio
carbamate and the yield of plots treated with these 
materials was increased by 45 per cent over plots re
c£·iving Bordeaux mixture (14). Late blight of tomatoes 
( Phytophora injestans) was similarly controlled by diso
dium ethylene bisdithiocarbamate and tribasic copper sul
phate. Cucumber anthracnose (Colletotrichum lagena
rium) has consistently been less serious following the 
application of tribasic copper sulphate and the zinc and 
sodium forms of dithiocarbamate. The former has, in 
addition, afforded excellent protection against powdery 
mildew (Erysiphe cichoracearum) of this host. 

Papaya anthracnose (Colletotrichum spp.), a disease of 
ripe and maturing fruits, is an important disease the is
lands over and is the frequent cause of much spoilage in 
the packing shed and in the retail store. Tests to evaluate 
the efficacy of numerous fungicides in an area where 
anthracnose is generally present indicated that zinc 
dithiocarbamate and tribasic copper sulphate are capable 
of reducing infection to less than one-twentieth of that 
found among untreated fruits (11). Wettable sulphur, 
tribasic copper sulphate, andyellowcuprousoxidereduced 
materially the severity of powdery mildew (Oidittm 
caricae) in similar tests (12). 

Plant nematodes have long been the cause of severe 
losses to growers of pineapples, lettuce, carrots, beets, 
beans, tomatoes and many ornamentals. Older methods 
of controlling these soil-borne organisms, such as fallow
iug, rotation with immune or highly resistant crops or 
chloropicrin fumigation, have been largely replaced by 
more effective and economical means. Excellent control 
of the root-knot nematode (Heterodera marioni) in pine
apple has been obtained with D-D 2 fumigation (2) and this 
treatment has also reduced nematode damage in lettuce, 
carrots and tomatoes (16). More recently ethylene dibro
mide has been found an effective nematocide in pineapple 
fields but its potentialities as a fumigant for vegetable and 
fruit lands await determination. D-D mixture and ethvlene
dibromide are now used commercially and it is esti~ated 
that some 17,000 acres of pineapple land are fumigated 
annually at a cost of $600,000. 

CONTROL OF DISEASES BY DEYELOPJ'vfENT OF RESISTANT 

VARIETIES 

The successful control of such devastating diseases of 
~ugarcane as eye spot, root rot, and mosaic by the use of 
resistant varieties has demonstrated the value of such a 
programme. This programme was initiated many years 
ago by the sugarcane geneticists and pathologists and the 
results have had far-reaching influences. At the moment, 
;nuch emphasis is placed upon immunization (breeding for 
disease resistance) as a means of controlling diseases of 
·nany horticultural and agronomic crops. 

2 D-D is a mixture of 1.3 dichloropropene and 1.2 dichloro
aropane. 

HENDRIX 

At the beginning of this century, the sugarcane variety 
known as Lahaina had been grown extensively over the 
Territory for almost forty-five years although experience 
showed it to be susceptible to practically all of the major 
diseases. As a result of later breeding, resistance to most 
of the diseases was incorporated into commercial varieties 
with the result that Lahaina is no longer grown. In newer 
varieties like 32-8560, 32-1063, and 37-1933 resistance to 
the major diseases has been developed. Among the 
diseases controlled by these varieties are eye spot ( H el
rninthosporium sacchari), brown stripe ( C ochliobolus 
stenospilus), leaf scald (Bacterium albilineans), root rot 
( Pythium graminicolurn), mosaic (a virus disease), and 
chlorotic streak (cause undetermined). 

The value of these improved resistant varieties cannot 
be accurately estimated although they have without 
doubt contributed heavily to the economic survival of this 
$93 million-a-year industry. 

In 1941 the cause of eye spot of Napier grass ( H el-
1ninthosporittm sacchari) was described (18) and resistance 
of certain Napier x Merker crosses was reported (20). 
Subsequent use of resistant-line hybrids has virtually 
eliminated the disease from Napier plantings and the crop 
has since been held in higher esteem as a pasture and 
soiling species. 

In 1941, when much of the world was at war, a pro
gramme of vegetable improvement was set in motion at the 
Hawaii Agricultural Experiment Station in an effort to 
assure an adequate supply of fresh produce. At that time 
the production of many vegetables in certain areas was 
almost entirely prevented by the ravages of disease. The 
trend of the improvement programme was, therefore, in 
the direction of development of disease-resistant varieties. 
Tomatoes were besieged by spotted wilt (a virus disease), 
gray leaf spot (Stemphylium solani), early blight (Alter
naria solani), late blight ( P hytopthora injestans), fusarium 
wilt (Fusarium lycopersici), bacterial wilt ( Phytomonas 
solanacearum), tobacco mosaic (a virus disease) and root 
knot (Heterodera marioni); peppers by tobacco mosaic and 
possibly other viruses; cucurbits by cucumber mosaic, 
anthracnose (Colletotrich~tm lagenarium), fusarium wilt 
( Fusarimn bulbig1:num var. Niveurn) and powdery mildew 
(Erysiphe cichoracearum); egg plant by bacterial wilt 
( P. solanecearum); and beans by rust (Uromyces appendi
culatus). 

Early steps in gathering as wide an assortment of re
sistant germ plasm as possible, accumulating details of 
vegetable breeding methods, and developing improved 
methods of disease testing paid valuable dividends. A 
compilation of the newer methods for the rapid develop
ment of disease-resistant varieties was contributed by the 
Hawaii Agricultural Experiment Station (7). In 1945, 
Pearl Harbor tomato was released as a spotted-wilt
resistant variety (15). In 1946 (13), the development of 
gray-leaf-spot-resistant varieties wa.s well on the way and 
in 194 7 resistance to tobacco mosaic (5), root knot (6), 
septaria leaf spot, alternaria collar rot and bacterial wilt 
(8) was obtained. Incorporation of such resistance into 
commercial tomato varieties is now in progress. In 1948 
rust-resistant pole green beans were released to island 
growers as advanced numbered selections (9). Resistance 
to tobacco mosaic in pepper and cucumber mosaic, fusa-
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rium wilt (Fusarium bulbiginum var. Niveum) and an
thracnose in watermelon is available and awaits fixing in 
commercial varieties (21). 

CONTROL OF DISEASES BY CULTURAL 1\IIA::"/IPULATION AND 

SEED SELECTION 

Some disease situations exist in which control of the 
pathogens by the foregoing control measures has not been 
achieved. This is true of the "decline" disease found 
generally among papayas grown in successive pl~ntir:gs. 
Characteristics of decline include a shorter productive hfe, 
loss of vigour, and reduction of yield of affected trees. 
The complete explanation of this phenomenon is not 
available although Pythium root rot and other root 
disease complexes are undoubtedly contributory factors. 
Crop rotation or prolonged fallow inter-cycles have 
materially lessened these tendencies. 

Another case in which the modification of cultural 
practices has proved of great disease-control value is that 
of "edge wilt" or mealy bug wilt of pineapples. This 
disease, caused by the toxiniferous insect Pseudococcus 
brevipes, is normally found first at the margins of fields 
where the causal insects work in from nearby grasses and 
weeds (1). The insects move gradually from plant to plant 
along the row and somewhat more slowly from one row to 
the next. The planting of several rows around the main 
plantation and parallel to the field margins guards, there: 
fore, against rapid field invasion and tends to localize the 
infestation. Localizing the population in this manner 
facilitates control by spraying. 

Numerous epidemics are traceable to seed-borne con
tagion, and experience shows the necessity for using clean 
seed. The large number of solanaceous plants in Hawaii. 
together with a number of viruses pathogenic to potatoes, 
makes the saving of locally produced potatoes for seed 
inadvisable. To obtain disease-free planting material it is 
necessary to import certified seed from the Lake States 
n;gion of the United States. 

CONTROL OF DISEASES BY EXCLUSIONARY MEASURES 

Exclusionary measures have been employed in Hawaii 
with a high degree of success, for the geographic location 
of the islands is conducive to the efficient exploitation of 
this manner of disease controL Quarantine regulations 
against the entrance of certain plants and plants known 
to be, or suspected of being, infested with pathogenic 
agents were first enacted in 1888 and have since been 
assigned to the Territorial Board of Agriculture and 
Forestrv for administration and enforcement. Perhaps 
the pri~ary weakness of such a campaign is that it was 
not started sooner. But while this may be true, its later 
value has been inestimable. Through its means, sugarcane 
and pineapple, whether seeds or vegetative cuttings, are 
permitted entrance only under the closest supervision; 
banana and cotton plants may not enter under any cir
cumstance. As a consequence of these safeguards, many 
destructive pathogens have been excluded, among them 
the highly feared Fiji disease of sugarcane, bunchy top of 
bananas, leaf curl of cotton, rust of coffee (H emileia 
vastatrix), gumming disease (Xanthomonas vasculorum) 
and downy mildew (Sclerospora spp.) of sugarcane, and 

dwarf disease (a virus disease) of rice. Fiji disease of 
sugarcane, occurring in many of the south Pacific islands; 
bunchy top of bananas in Australia, the Far East and 
Egypt; and cotton leaf curl, in Africa and India, are all 
virus diseases. The vectors of Fiji disease and bunchy top, 
Perkinsiella saccharicida and Pentalonia nigronervosa, 
respectively, abound in Hawaii, leaving to the imagination 
the havoc to be wrought upon the introduction of the two 
viruses. In the case of cotton leaf curl and rice dwarf, 
neither the vector nor the causal virus is present but there 
is no reason to doubt their ability to persist among the 
large number of wild and scattered hosts were they 
permitted entrance. 

Coffee rust is perhaps the most important coffee disease 
known. It is widely distributed throughout the Old 
World and the south Pacific area. Rice dwarf has caused 
severe food shortages in Japan; downy mildew and gum
ming disease of sugarcane are destructive agents in many 
of the south Pacific islands and elsewhere. 

Regulations on inter-island exchange of plant parts and 
soil have been instrumental in restricting diseases to 
given island areas. The ring spot disease of papayas ap
peared as a new virus disease in the Kailua area of Oahu 
five years ago and thereafter spread rapidly from .the 
original site of detection. It was carried by the widely 
occurring vector, i1Jyzus persicae, aided in part by un
restricted exchange of planting· stock. Its spread to 
neighbouring islands, however, has been prevented, very 
likely a result of restrictive measures directed against the 
shipment of living plants. 

This disease appeared later in an extensive but isolated 
papaya grove miles away from its original focus of in
fection. It was perhaps carried in by viruliferous wind
borne aphids or perhaps introduced through infected 
seedling stock. Close scrutiny of individual trees and sub
sequent destruction of diseased plants reduced and held 
the incidence of infection to a low level. Ultimate disposal 
of all trees in the particular field where ring spot existed 
eliminated it from the area. There has been no re-occur
rence in two years, although continuous production of 
papayas has been maintained. The results of this attempt 
to eradicate ring spot on a small scale are suggestive of 
good possibilities for eradicating it from the Territory. 
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Control of Plant Diseases in the French Overseas Territories 1 

G. BOURIQUET 

ABSTRACT 

The first phytopathologists arrived in the French Overseas Territories about twenty years ago. At first, their 
activities were mainly concerned with the identification of diseases and parasites. The last world war had an extremely 
adverse effect on this task. 

The number of these specialists has recently been increased and will go on increasing. It will thus be possible 
to make a thorough study of certain problems. 

The old phytosanitary protection measures have been improved upon. They are of special interest in the case 
of insular territories. In the case of continental regions, conventions should be concluded between the various countries 
concerned. 

At present, the best method of control is the use of resistant plants. This method has been used with great success 
against Hemileia vastatrix in hot and humid regions, and against virus diseases of sugarcane, cassava and so forth. 
A technique of germinating seeds of the vanilla plant can now be used in combating serious diseases of that orchid. 

The use of fungicides is practicable for protecting the Arabian coffee plant from rust. It will probably be possible 
to use hormones for destroying Eichornia crassipes and DDT against insects carrying pathogenic organisms. 

France, which has played a veryimportantpart in phyto
pathology from the beginning, first concentrated her 
efforts on the mother country. Thus her vineyards, which 
are one of her most important resources, were saved. 

These activities were then extended to North Africa, to 
the Algerian departments, the Protectorate of Morocco 
and the Regency of Tunisia, which now have well
organized plant protection services, with competent 
personnel and appropriate equipment. 

As regards the distant territories, the urgent need to 
establish specialized bodies was realized about twenty 
years ago, and the first phytopathologist arrived in Indo
china in 1928. Soon afterwards, others were sent to 
Madagascar and to the African continent. 

Indeed, phytopathological problems cannot long remain 
neglected. In new regions the fertile virgin soil, where 
certain parasites are still unknown or of limited distri
bution, can provide remunerative harvests without special 
effort, but this state of affairs is liable to come to an end 
very quickly owing to the expansion of cultivation, in
different management, the improvement in means of 

1 Original text: French. 

transportation, and especially the establishment of an in
creasing number of air lines. 

The effective organization of the protection of crops is 
of special interest in the French Overseas Territories, 
because the density of population in these countries is 
generally unsatisfactory. It is either too low, as in Africa, 
or too high, as in Tonking. In either case, any factor 
conducing to an increase in production per unit area is 
most desirable, whether the scarcity of labour must be 
taken into account, or because the tonnage of foodstuffs 
has to be increased. 

The setting up of an arrangement for the protection of 
crops likely to play an effective part in the protection of 
agricultural resources must include: 

l. The enumeration of diseases and parasites, 
2. Governmental protective measures, 
3. Biological research, 
4. Indirect or direct control procedures. 

ENcMERATIO:;o;; OF DISEASES AND PARASITES 

At a scientific conference, it is unnecessary to stress the 
value of accurate identification of diseases or parasites. 
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As they should, the first phytopathologists coming from 
distant regions, few as they were, focused their activities 
principally in this direction. They were helped in this task 
by the local agronomic services, the Plant Pathology 
Laboratory of the Ministry for Overseas France, the 
Cryptogamic Laboratory of the Museum of Paris and 
various foreign institutions. This task did not always 
consist in identification, but new cases had to be properly 
studied. The war, which made the position of certain 
territories such as Indochina and Madagascar difficult, 
considerably hampered the work that had been under
taken. 

A large part of the work performed has been published. 
The results of phytopathological research relating to 
Madagascar were collected in a book of 545 pages, pub
lished in 1946. 

GOYERN:11ENTAL PROTECTIVE MEAStlRES 

Legislation on the protection of crops is in force in the 
Overseas Territories. In order to apply it adequately, it is 
essential to have specialized staff. The plant protection 
service of the Ministry of Agriculture intends to establish, 
in the near future, two phytosanitary districts in the new 
departments: the Antilles and Guiana on the one hand 
and Reunion Island on the other. The Agriculture, Stock
breeding and Forestry Department of the Ministry for 
Overseas France, for its part, is planning a similar or
ganization for other parts of the Territories. Disinfection 
centres are being planned. 

These measures deserve special attention in the case of 
insular territories; where the crops are protected by nature 
from the outside world. In the case of continental areas, 
to be more efficacious these measures should be embodied 
in conventions concluded by the various nations con
cerned. That was the purpose of an inter-African con
ference held in London on 2 and 6 August 1948. 

BIOLOGICAL RESEARCH 

Thanks to the early groundwork, it soon became possible 
to undertake increasingly advanced biological research. 
In recent years, new bodies interested in exotic phyto
pathology have helped to swell the number of specialists 
and it has thus been possible to limit, for some of them, the 
number of cases to be followed and to pay more attention 
to the development of pathogenic organisms. 

The Colonial Scientific Research Bureau is already 
composed of plant pathologists who have held colonial 
assignments. Others are at present carrying on their 
studies. 

The Institute of Research on Palm Oil and Oil-Yielding 
Plants has instructed a specialist to carry out the detailed 
study of a new disease of oil palms. 

The Institute of Colonial Fruits and Citrus Fruits has 
trained two specialists in diseases of banana trees and has 
appointed them to the French Antilles and in Africa. 

The Institute of Research on Cotton Plants and Exotic 
Textiles also has phytopathologists specializing in dis
eases of fibre plants. 

This research is of primary importance, since it serves as 
a basis for the indirect and direct control measures which 
we shall now examine. 

INDIRECT AND DIRECT MEASURES FOR THE CONTROL OF 

DISEASES A);"D PATHOGENIC ORGANISMS 

Indirect M easttres 

::Viuch attention should be paid to these measures in 
tropical agronomy. In this connexion, the requirements 
of plants are not always well known. Moreover, planters 
quite often neglect certain fundamental principles. It is 
therefore desirable for phytopathologists to have as ex
tensive a knowledge of agronomy as possible. They should 
also be able to count on the co-operation of physiologists, 
soil scientists, chemists, meteorologists and so forth. 

The vanilla plant, which is so important to Madagascar 
and the new world, is an example of a plant which is still 
being managed much too empirically. The only orchid 
used for full industrial cultivation, it apparently often 
requires to be managed in accordance with its biological 
peculiarities. The application of chemical fertilizers at 
customary rates seems to have resulted in failures. On the 
other hand, the experiments carried out at the Mayaguez 
Station (Porto Rico) and at the Ivoloina Station (Mada
gascar) show that the vanilla plant reacts very favourably 
to the abundant application of slightly decomposed or
ganic matter, from which it derives the greater part, if not 
all, of the necessary nutritive elements. In spite of its 
roots in the soil and its chlorophyllian pigment, its mode 
of existence seems to approach that of saprophytic plants. 

Other experiments carried out in Porto Rico have led 
to the discovery that the amount of sunlight should be 
reduced by a third or by half and that serious fusarium 
disease is greatly favoured by drought, which should be 
combated by all possible means. 

These facts concerning general hygiene should obviously 
be taken into consideration in maintaining the good health 
of the plants. 

Good results may be expected from rotation of crops 
and the use of green manure crops in controlling not only 
parasitic fungi but also a number of harmful insects which 
may or may not play a part in the dissemination of 
pathogenic organisms. In the Netherlands East Indies, 
the application of these methods to rice have resulted in 
record crops. This problem deserves the attention of the 
agronomic services, especially as it concerns a food crop 
which is of primary social, political and economic im
portance. 

In connexion with this cereal, it has been observed in 
Indochina that good irrigation, the judicious use of 
chemical fertilizers and the choice of a favourable time for 
seeding have had the salutary effect of controlling sclero
tia! diseases. It has also been noted that the maintenance 
of a certain degree of humidity in the rice fields after the 
harvest facilitates the destruction by various micro
organisms of the resistant structures of the parasites. 

The physiologist has been referred to as one of the 
most useful collaborators of the phytopathologist. The 
geneticist can also give him very valuable assistance. 

Although the agricultural entomologist can seldom 
resort to the use of resistant plants to combat insect 
scourges on plants, that method is the most valuable 
weapon in the field of phytopathology, especially in 
tropical regions. The behaviour of the affected plants 
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should therefore be noted carefully in the course of bio
logical research on pathogenic organisms and their hosts. 

The economic significance of this method of control is 
well known. In spite of H emileia vastatrix, it has been 
possible to continue to cultivate the coffee tree in hot and 
humid regions, by using species and varieties that stand 
up to its attacks without any great loss. In spite of a 
sc·rious virus, mosaic disease, the cultivation of the sugar
cane was still flourishing before the last world war in the 
Netherlands East Indies, where use was made of varieties 
such as P.O.J. 28.78, which is not only resistant, but also 
very productive. In that country, the "Belantoeng" 
v:triety of pepper was practically unaffected by the attacks 
of a virulent form of downy mildew, Phytophthora palmi
vora var. piperis. 

The P.O.J. 28.78 introduced in Reunion was extremely 
useful owing to its resistance to mosaic disease. It is in
cluded in the collections of the Madagascan stations, 
where it can be used extensively if the epiphytic disease 
spreads from the neighbouring islands and especially from 
the Comores Archipelago, where it broke out in 1933. 

An agronomic mission to the Far East managed to ob
tain some "Belantoeng" pepper plants from the Nether
lands economic services; these plants are also grown in 
:Madagascar, which is affected by a disease identical with 
that studied in Java by Dr. Muller. These plants have 
recently been sent from Madagascar to Indochina in an 
attempt to combat a disease which is perhaps more com
plex than that of the Netherlands territories. 

Resistant varieties have been very successfully used in 
Madagascar to check the ravages of mosaic disease in the 
cassava, which was imperilling this industrial food plant 
of great importance to the country. Such varieties al
ready existed in collections, and were rapidly propagated; 
the agronomic station at Lake Alaotra has already bred 
other varieties which are satisfactory both from the phy
topathological and the industrial point of view. 

Although the procuring of these varieties often involves 
considerable expenditure, which is difficult to estimate, it 
subsequently represents a considerable saving in labour, 
and very little effort is needed to popularize this method 
of control. Indeed, Natives have often been seen to steal 
disease-resisting slips of cassava from the European 
planter, in order to increase the quantity in the;r pos
session. 

In order to create new varieties, and indeed hybrids, of 
the vanilla plant, it seemed advisable to conduct research 
on a technique of germinating seeds,2 and the Phyto
pathological and Mycological Laboratory of the Pasteur 
J nstitute at Tananarive undertook this study in 1935. In 
l938, it proposed an asymbiotic culture medium for 
1 aising seeds which is comparable to the culture medium 
used by Dr. Lewis Knudson to obtain hybrids of Vanilla 
j)lani{otia (Vanilla fragrans) and Vanilla pompona and of 
Vanilla planifolia and Vanilla phaeantha in 1946 (Ameri

can Orchid Society, Bulletin, Volume 15, No.5). 
Experiments are now being conducted in Madagascar 

·,vith a plant grown from seed; it has already borne fruit 
and is remarkably vigorous and productive. It has also 

2 The plant had been propagated from the beginning by 
·:uttings. 
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been possible to cross-fertilize Vanilla planifolia with 
Vanilla humblotii, a self-sown species ·from the Comoros 
Archipelago, which has no industrial value, but can sur
vive in relatively dry locations. This vanilla plant may be 
of interest to agronomic services in Mexico and Porto 
Rico, where the species usually cultivated often suffers 
from insufficient rainfall. 

Direct measures 

Fungicides and insecticides are used extensively in 
many temperate countries. In tropical regions and in 
French Overseas Territories these methods of control are 
less widespread. 

This is due, in the first place, to climatic conditions. The 
rains, which are often abundant and violent, wash awav 
the protective chemicals and make it necessary to repeat 
the treatment, and this often makes its price prohibitive. 
Another consideration in certain cases is the harmful 
proximity of vast savannas, which may harbour noxious 
organisms. 

Another point to be considered is the quality of labour: 
the workers do not always carry out the work with all the 
necessary care, and the manipulation of toxic substances is 
especially dangerous to them. The dearth of special
ists, which has made it impossible to conduct biological 
research and experiments on a sufficiently large scale, is 
also to blame. 

Fortunately, serious efforts are being made in this con
nexion and various new products will certainly soon be 
included in exotic control of plant diseases by chemical 
means. It is probable that the special materials to which 
the fungicide industry is directing its efforts are due to 
render the most effective service since they are easy to 
use. 

We can already mention direct measures which proved 
to be economically advantageous before the war and were 
used. ext~nsively. That is the case of the treatment by 
cupnc m1xture used to combat Hemileia vastatrix which 
affects the Arabian coffee tree in the high regions of 
Madagascar. 

Experiments and research carried on for several years 
and corroborated by others conducted in the Province of 
~1ysor~ in Ind~a, l~ad to the conclusion that three spray
mgs w1th cupnc mrxture are sufficient to check the disease 
in the high plateaus of Madagascar. The mixture should 
contain 1.5 per cent of copper sulphate and an adhesive 
product. Casein or skimmed milk are entirely satis
factory. Before the war, the total cost of the treatment 
was covered. by an increase in the yield of 45 grammes per 
tree, and th1s surplus has been exceeded considerably. 

Mention should also be made of recent attempts near 
Tananarive to control a plant pest which is widespread 
throughout the world, the water hyacinth or Eichornia 
crassipes, by means of synthetic phytohormones, which 
have proved extremely encouraging. This research was 
carr~ed o~t with products based on 2.4 dichlorophenoxy
acetic aCid, one manufactured in America and the other 
in France. The solutions should be of approximately 
2.5 per cent, and between 1,500 and 2,000 litres of the 
diluted solution should be applied per hectare. The plants 
to be destroyed should be well impregnated and the oper
ation should be carried out in good weather. 
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Finally, attention is drawn to the part which might be 
played in the control of fusariosis of the vanilla plant by a 
product less transitory in its effects than formaldehyde 
which nevertheless seems able to mitigate the ravages of 
the organism concerned. Certain organomercuric sub
stances which are not phytocidal would probably be satis
factory. While there is no danger of destroying the roots 
of the vine, which can live for some time without contact 
with the soil, it is advisable to treat the support carefully. 
The destruction ofthe Fusarium at the bases of the vanilla 
plants might result in saving many plants, which should 
subsequently be preserved from disease by indirect 
methods such as controlled pollination, optimum shading 
and copious protection with straw. 

In conclusion, it should be mentioned that experiments 
with DDT make it possible to hope that this product will 
play a very important part in tropical agronomy, especial
ly in the destruction of insects carrying pathogenic or
ganisms. 
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In the absence of the author, Mr. BrsHOPP gave a brief 
resume of Mr. Annand's paper, also on "Protection of 
Crops and Grasslands against Insects". He noted the in
direct effect of insects on crop production through the 
role they played in transmitting diseases of man and 
animals; the tendency, particularly in the United States, 
towards over-dependence on insecticides and neglect of 
other scientific farm practices; and the fact that too little 
attention had been given to grasslands losses resulting 
from insect infestation. He also indicated the need for 
more extensive research on virus diseases of insects, and 
for international co-operation in the exchange of bene
ficial insects. After a brief summary of methods of insect 
control, .:Vir. Bishopp pointed out the dangers of toxic in
secticidal materials on man and livestock and advised a 
limited use of certain compounds. 

In the course of the general discussion on the control of 
insect infestations, Mr. STAKMAN emphasized the need for 
improving facilities for the rapid exchange of information 
on an international scale. 

Mr. BrsHOPP agreed that further machinery should be 
developed and suggested that periodic international con
ferences would be a step in the right direction. 

Mr. GALLEY noted with satisfaction that information on 
plant pests and their control was being regularly trans
mitted between the United States and the United King
dom. International exchange of views among experts 
were made possible at such gatherings as the Second 
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International Congress on Crop Protection recently con
cluded in London. 

:.\1r. GurLLAu~m added that a very useful meeting of 
entomological and phytopathological experts on African 
territories had been held in London two years previously 
at which a convention on pests and diseases control had 
been drawn up. A similar convention had been elaborated 
at a recent FAO conference held in Singapore. It was 
expected to be ratified shortly by the nations concerned 
with the areas of South-east Asia to which it applied. 
Such actions represented a beginning of progress in inter
national co-operation in the war on plant disease. 

In reply to a question from Mr. BELL concerning the 
limitations on the use of systemic insecticides, Mr. GALLEY 
said that most known systemic insecticides were too toxic 
to be applied commercially. There was at least one ex
ception, however, and he would be glad to transmit to the 
assembled experts the more detailed results of field trials 
of that compound. 

Mr. BrsHOPP added that plants treated with systemic 
poisons should not be consumed by animals or man unless 
the absence of the toxic material is certain. Edible crops 
must be treated with transient poisons which did not enter 
into the plant tissue. 

?vir. KNt:DSEN asked whether the use of DDT in the 
United Kingdom against stable flies had had deleterious 
effects on the fatty tissue of cows or on their milk. 

Mr. GALLEY replied that residual deposits of DDT in the 
stable were not likely to result in the presence of harmful 
amounts of DDT in milk, but care should be taken not to 
introduce insecticides in their drinking and feeding 
troughs. Frequent direct spraying of the cattle would, 
however, do so. United States experts had recently re
commended the gamma isomer of benzene hexachloride as 
an alternative to DDT. However, there were no regu
lations in the United Kingdom against the general usc of 
DDT on farms. 

~fr. BrsHOPP pointed out that despite the fact that 
DDT was used extensively in all parts of the world, he 
could recall no single instance of deleterious effects from 
DDT as such. It should be recognized, however, that 
carriers or solvents of the insecticide had had ill effects. 
DDT should not be permitted to enter milk or any other 
common food. Although the United States Food and 
Drug Administration was of the opinion that DDT in
gested or absorbed over a long period would have toxic 
effects, no specific instance in man had yet been found to 
confirm that supposition. 

In reply to a question from Mr. SwrcK concerning the 
evidence that flies and codling moths built up immunity 
to DDT after being subjected to it over a long period, 
l\Ir. GALLEY said that no such resistance had yet been 
observed in the United Kingdom1

• However, houseflies in 
other parts of the world had developed resistance to 
DDT. In Sardinia, for example, where both houseflies and 
the anopheles mosquito had been fought very successfully 

1 Mr. Galley has informed the editor that instances of resistance 
in houseflies in the United Kingdom have since been confirmed. 

'With DDT for a year, that insecticide in some areas now 
lost its efficacy against flies and had been replaced on an 
experimental basis by chlordane or benzene hexachloride. 

Mr. GREENE was concerned with what had been done in 
the United States to assess the effects of control measures 
against locusts. In the Sudan, the Government has ex
pended considerable sums to check locust plagues but had 
found it difficult to ascertain how effective its efforts had 
been. 

Mr. BrsHOPP observed that the effects were often self
evident. However, in addition, a check could be made of 
egg disposition and estimates made of the numbers of eggs 
hatched. Efforts should be made to discover egg concen
trations and destroy them or the young soon after hatch
ing. Locusts had been very troublesome in the United 
States during the past year; some 3 million acres of range
lands in the western part of the country had been treated 
by aerial distribution of baits containing chlordane or 
toxaphene. 

Mr. STAKMAN summarized his paper on "The Control of 
Plant Diseases". Plant diseases were one of the greatest 
obstacles to an efficient and stable agricultural production. 
Some diseases caused terrific and widespread losses in a 
short time while others might be destructive but not 
conspicuous. Control of plant diseases was therefore a 
problem of world-wide importance. 

Viruses, bacteria, fungi and nematodes that were pa
thogenic to plants were disseminated principally by man, 
insects and the wind. There was need for closer inter
national co-operation in obtaining information basic to 
the establishment of fair and effective quarantine regu
lations to prevent the introduction of destructive species 
into areas where they did not exist. Quarantines were in
effective, however, against pathogens disseminated inter
nationally by the wind or by migratory insects; according
ly co-operative efforts should be made to devise control 
measures for epidemic diseases by means of fungicides, 
eradication programmes or the development of resistant 
varieties. 

The control of plant diseases was so important to the 
problem of feeding and clothing the people of the world 
that it would be desirable to systematize the international 
exchange of information thereon and to control such dis
eases by means of an organization under the aegis of the 
United Nations. 

Mr. GALLEY summarized the paper on "Plant Diseases 
in the United Kingdom", submitted by Mr. Moore. He 
said that in England and Wales over 1,000 diseases had 
been recorded on crop plants and of these about thirty 
were of considerable economic significance. 

In describing some of the measures employed to control 
and eradicate these diseases, he said that cereal seed dis
infection with organo-mercury dusts had made much 
headway since the early thirties. Various other methods 
were used to protect the seeds of sugar beet, flax and 
linseed, peas and onions and seed potatoes. 

The CHAIH:'.fAN summarized the paper submitted by 
~fr. Ahmad on "Some Popular Methods of Plant Diseases 
Control in Pakistan". Crossing with indigenous varieties 
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and ~ith the wild species, S. spontaneum, had given re
sistance against mosaic, wilt and red rot in sugarcane. 
Wheat varieties resistant to rusts and loose smut, and 
gram varieties resistant to blight and wilt were being 
evolved by crossing. 

Mixed cropping was an important practice and acted as 
rotation in time and space. Cotton sown with Andropogon 
sorghum or Phaseolus aconitijoltum escaped root rot by 
50 to 60 per cent. 

Mr. STAKMA?\ summarized the paper submitted by .)1r. 
Hendrix on "Disease Control of Agricultural Crops in 
Hawaii". In order fully to appreciate the importance of 
plant disease in Hawaii it was necessary to know some
thing of the nature and magnitude of Hawaiian agri
culture. Separated from major land bodies by approxi
mately 2,000 miles of ocean, the Hawaiian Islands had 
currently under cultivation some 296,000 acres, of which 
215,000 acres were devoted to the culture of sugarcane, 
68,000 acres to pineapple and 13,000 acres to diversified 
agriculture. 

The great numbers of horticultural and agronomic 
plants introduced into the islands had undoubtedly 
brought with them large numbers of plant pathogens and 
other plant enemies. Thus the current diversity of patho
genic agents in Hawaii was wide and estimates of annual 
losses were as much as 25 per cent for all crops. Great 
efforts were being made to eradicate or at least control the 
most destructive types of plant diseases. 

Mr. GcrLLAu:.m summarized the paper submitted by 
Mr. Bouriquet on the "Control of Plant Diseases in the 
French Overseas Territories". He said that the appli
cation of any plan for the protection of crops should in
clude: (1) the classification of diseases and parasites, (2) 
governmental protective measures, (3) biological research 
and (4) indirect or direct measures. 

The first phytopathologists had arrived in the French 
Overseas Territories about twenty years ago. The number 
of those specialists had recently been increased and it 
would go on increasing. The best method of control avail
able was the use of resistant plants. The method had been 
used successfully against Hemileia vastatrix in hot and 
humid regions and against virus diseases of the sugarcane 
and cassava. The use of fungicides was practicable for 
protecting the Arabic coffee plant from blight. It would 
probably be possible to use hormones for the destruction 
of Eichornia crassipes and DDT against insects carrying 
pathogenic organisms. 

Mr. STAKMAN, in answer to Mr. said that 
breeding for resistance had temporarily solved the problem 
of stem rust in northern United States and western 
Canada but that a more permanent solution was being 
sought. Breeding for resistance had also been attempted 
with respect to oats in the fight against stem rust and 
crown rust. In the far south of the United States in the 
early Spring of 1949 crown rust had been noticed in vari
ous places but the problem had not become acute north
ward in 1949. The recent long drought had prevented the 
menace from spreading into an epidemic. The fight was 
unceasing and he felt that a good deal more should be 
known about the genetics of pathogens in order to wage a 
successful campaign. 

1- llbJ ntiM IIIUII.Uii lJ 1 lllH t !l_JL >':• 

Mr. DE SouzA DA CAMARA said that he was interested 
in Mr. Stakman's statement about new diseases. No new 
diseases had been noticed in the Portuguese African 
colonies but as a precautionary measure it would be well if 
all information on the appearance of new diseases was 
made available to all. · 

He was particularly interested in diseases affecting the 
cacao plant and grapevines. He strongly urged· that 
scientists and pathologists of the whole world join forces 
to combat plant diseases. Unless a means of combating 
the devastation of the grape virus was found, the time 
might come~possibly within fifty years~when no more 
wine would be produced in the world. 

Mr. STAKMAX said that too little was known about the 
cacao virus, which he believed was prevalent in Africa. 
He thought that a possible solution would be to develop a 
resistant variety. California had observed some cases of 
grape virus but apparently little was known about it. 

Mr. GALLEY said that various approaches were being 
made in the attempt to control cacao virus (swollen shoot 
disease), including the breeding of resistant varieties. The 
virus was harboured in certain forest trees of the Gold 
Coast. There was so far no known cure for that disease 
except to destroy the infected trees, but that method was 
not popular, nor in some areas accepted by the farmers. 

Mr. STAKMAN observed that some types of plant pests 
could be eradicated through the reduction of alternate 
hosts. That was particularly the case in small countries. 
An example was the drastic reduction in barberry. 

All agricultural countries should have facilities for 
maintaining plant-disease gardens where old and new 
varieties could be tested against all their important and 
potentially important pathogens. 

Mr. Stakman fully agreed with Mr. De Souza Da Camara 
as to the need for international co-operation in that phase 
of plant disease control. 

Mr. GouLDEN referred to barberrv eradication and ex
pressed interest in the breeding of r;;sistant varieties. For 
some time plant breeders and pathologists had not been 
in accord as to the value of barberry eradication. They 
had since agreed that the eradication of the shrub re
moved the risk of producing new races dangerous to the 
production of new varieties. 

Regarding the problem of achieving complete immunity 
to stem-rust Mr. Goulden felt that it was not possible to 
breed plants which would be completely immune. In 
areas where plants evolved, they developed resistance to 
stem-rust. In Canada, for instance, plant-breeding against 
race 15 (b) of stem-rust had been started and had no\v 
reached a point where within the next year or two va
rieties would have been developed which would be re
sistant to that race. 

Mr. GREENE expressed interest in Mr. Stakman's state
ment that quarantine officers were faced with a major 
difficulty in that many plant pathogens, because of their 
microscopic size, remained unseen and unknown until 
their destructive effects had become conspicuous. He 
wished to know how that problem could be overcome. 

Mr. STAKMAN replied that the only solution would be to 
undertake studies in other countries and to make pro-
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vision for the exchange of information. Even in the case 
of fungus pathogens an extremely dangerous race of an 
old pathogen could be imported from another country. 
With respect to stem-rust of wheat, for instance, race 189 
afected all commercially-grown wheat, but its spores 
could not be detected. The solution of the problem would 
be either to prevent the importation of matter carrying 
the spores or to devise a good method of certification. 

Mr. KNUDSEN stressed the need for a more extensive 
international exchange of information on plant disease 
control. He felt that the present conference should lead to 
the establishment of an international organization of 
which the purpose would be to disseminate such infor
mation. The FAO might be asked to look into the matter. 

The CHAIRMAN considered the proposal important, and 
suggested that FAO should be requested to study the 
possibility of publishing a quarterly or semi-annual re
view containing information of interest in the field of 
plant disease control. 

~1r. STAKxiA:K wished to support the concrete sugges
tion made but felt that entomological information should 
be included in the publication. 

Mr. BrsHOPP agreed that the interrelationship between 
entomological and plant disease problems was so close 
that they could not be separated. 

Mr. GouLDEN described the progress achieved in plant 
breeding. FAO, after three years of work, had devised a 

SUMMARY OF DISCUSSION 

system for the collection and maintenance of genetic 
stocks of wheat. The system facilitated the exchange of 
material among plant breeders, and could also include in
formation on plant pathology and entomology. 

:'Vh. GREDIE referred to the Food and Agriculture Or
ganization's catalogue of breeding stocks and said that the 
organization would welcome Mr. Stakman's suggestion of 
a periodical publication for the exchange of information 
on plant disease control. The difficulty lay in the consider
able cost of such a publication, as there were no means 
available to defray that cost. However, FAO would wel
come a personal request from Mr. Stakman and would see 
what could be done to meet it. 

Mr. GALLEY pointed out that a start had been made in 
the United Kingdom, where the Insecticide Co-ordinating 
Committee published an insecticide abstract and use news 
summary. Copies of the publication were sent to organi
zations such as FAO and WHO. 

Other countries might do likewise and some of the ex
pense would thus be defrayed by national organizations. 
The Gnited Kations would not have to shoulder the entire 
burden. 

The CHAIRMAN was happy to note that the discussions 
had led to the concrete suggestion that an organization 
should be created for the dissemination of information on 
the control of plant diseases and insect pests. FAO was 
ready to look into the matter and there would no doubt be 
further developments. 
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Storage and Preservation of Agricultural Products 

W. V. HUKILL 

ABSTRACT 

Temperature and moisture control are the basic physical requirements in storing agricultural products. Sanitation 
is supplemental, to prevent loss by micro-organisms, insects and rodents. In general, unprocessed meat, dairy and 
poultry products, and fresh fruits and vegetables are refrigerated for storage. Grains, seeds and forage are made 
storable by reducing the moisture content to suitable limits. 

In the case of refrigerated products prompt cooling and storage at low or optimum temperatures is necessary for the 
best results. Locker and home freezer storage are relatively new methods that encourage local food production. 

Dry products, such as grains, are seldom refrigerated but must have low moisture-content for safe storage. Where 
natural drying of these products is inadequate, mechanical drying on the farm is coming into more general use. 

In the approximate order of their perishability, agri
cultural products may be divided roughly into three 
groups; namely, (1) meat, dairy and poultry products; 
(2) fruits and vegetables; and (3) grains, seeds and forage. 
Such a grouping leaves something to be desired because 
all products do not necessarily fall neatly into one and 
only one of the classes and there is overlapping in the 
storage requirements and methods. Nuts, for example, 
are generally in a class with the third group. Again, 
cheese, which is in the first group, is less highly perishable 
than fresh peaches, which are in the second. However, the 
variation in requirements makes it desirable to distinguish 
among the various degrees of perishability and the above 
grouping will be used in discussing the general subject of 
storage and preservation of agricultural products. 

In the storage of all agricultural products, temperature 
and moisture are the dominating physical elements that 
must be controlled. In those products which are charac
terized by a high moisture-content integral with the 
product itself, refrigeration is the key to successful 
storage. In products ordinarily thought of as "dry", 
refrigeration is not usually used and the moisture-content 
must be limited for successful storage. Sanitation, or 
protection against rodents, moulds and fungi, and insects, 
is an important element in storing products of all classes. 

Refrigeration is essential to successful storage of unpro
cessed meats and dairy products. Milk is highly perishable. 
Though the storage period for milk is usually relatively 
short, practically all the fluid milk that enters into com
merce is pasteurized and refrigerated immediately after 
production and is kept cool on the farm and through all 
phases of processing and transportation. Advances in 
techniques of refrigeration and sanitation have permitted 
the development of our present system of production and 
distribution, in which fresh milk sometimes moves half
way across the country. In the case of milk, legal controls 
of production, storage and transportation techniques have 
influenced agricultural methods, perhaps more than for 
any other products. 

Refrigerated storage, and particularly refrigerated 
transport, have permitted specialized agricultural develop
ment. In the last twenty years or so low-temperature 
processing and storage has become common. Meats are 
reduced to temperatures of 0 degrees F. or below and are 
held over longer periods than before. Along with develop
ment of low-temperature storage methods, locker storages 

and home freezers have come into use. Locker storages 
are individual, family-size compartments which are lo
cated in a central refrigerated plant and usually main
tained at about 0 degrees F. They are rented to customers 
who store a supply of frozen meats and other foods. 
Home freezers are low-temperature storage units in which 
a family can store a supply of frozen food at home. While 
commercial cold storage and refrigerated transport have 
permitted and encouraged specialized food production in 
regions sometimes a long way from consuming areas, 
locker and home freezers have influenced production in the 
other direction. They permit preparation and storage of 
locally produced foods so that users are less dependent 
upon distant concentrated sources of supply. 

Fruit and vegetable storage is also dependent upon re
frigeration. As in the case of meat and dairy products, 
cold storage and refrigerated transport have influenced 
the location of centres of production. In general, fresh 
fruits and vegetables are living organisms during storage. 
They continually generate heat and evolve carbon dioxide. 
In addition to having a large percentage of constituent 
water, they form water in the respiration process. They 
are killed by freezing temperatures and many products, 
such as tomatoes or bananas, are damaged by tempera
tures above the freezing point but below certain critical 
values. The optimum storage temperatures and the 
freezing points for each variety must be determined by 
experiment. A summary of responses of many fruits and 
vegetables to storage conditions is given in "The Commer
cial Storage of Fruits, Vegetables and Florists' Stocks", 
U.S. Department of Agriculture Circular 278. For many 
products the optimum storage temperature is just above 
the freezing point; precise temperature control in storage 
is necessary. The prevention of freezing in storage or in 
transit is a serious problem with such products as apples 
and pears, whose optimum storage temperature is about 
30 degrees F., but which freeze in the neighbourhood of 
28 degrees to 29 degrees. 

The development of specialized production regions de
pends upon storage methods capable of extending the 
normal life of the products. Deterioration begins im
mediately after harvest and the length of storage life 
depends not only on how nearly optimum conditions are 
maintained during storage but on how promptly the 
products are cooled. "Precooling" is a term applied to the 
prompt application of refrigeration prior to normal stor-
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age or transportation. With some products, effective pre
cooling is the key to successful distribution to consumers. 
Many products can be held longer if they are harvested 
before they are fully ripe and of best quality. In these 
cases there is a tendency to harvest the crop as green as 
the trade will accept with the result that some fruits 
seldom reach the consumer with the best quality possible. 
Prompt and thorough precooling of such fruits makes 
possible the shipment of fruit that is more nearly mature 
and therefore of better quality. 

Some fruits, for example apples, give off ethylene during 
storage. Ethylene acts as a catalyst and hastens the 
ripening of fruits in storage. In ordinary cold storage 
some products tend to absorb odours from the storage 
atmosphere. Eggs, for example, are affected by storage in 
the same room with other foods. A recent development in 
storage of fruits is the use of charcoal for absorbing 
ethylene and the volatiles carrying odours from the stor
age atmosphere. , This treatment is not general but is used 
commercially to some extent. 

Problems in control of disease in fruit and vegetable 
storage have always influenced storage practices. Storage 
scald in apples, for example, has been controlled for years 
by use of oil-treated paper wraps. Sulphur dioxide is used 
for treating grapes prior to shipment. Recently, carbon 
dioxide has been used during shipment of soft fruits to 
retard changes in quality. 

Quick freezing at low temperatures is used for large 
quantities of vegetables and soft fruits. These are stored 
at low temperatures-below 0 degrees F. The success of 
food freezing rests upon development of suitable re
frigerating equipment, processing machinery, processing 
methods, source of raw products, and adequate storage 
and handling facilities during transportation and distri
bution. All these techniques and facilities have been 
developed simultaneously. At the same time, locker and 
home freezer storage have permitted consumers to store 
meats, fresh fruits and vegetables for relatively long 
periods. 

Dehydration and canning are processes that have been 
in use for a long time, although dehydration processing 
methods in particular were improved and extended to a 
wider range of products during the war. 

Storage of grains, seeds and forage does not usually 
require refrigeration. These materials usually contain 
from 10 to 20 per cent of moisture, whereas meats, fruits 
and vegetables contain from 50 to 90 per cent. For these 
relatively dry materials the possible storage life is de
pendent pretty largely on the moisture-content. Grains 
can be kept alive and in good condition for years by 
reducing the moisture-content to a low figure, say below 
10 per cent, and preventing re-absorption. In this very 
dry condition the effect of temperature is secondary. 
Deterioration is increased by higher temperatures but for 
practical purposes refrigeration is seldom used. 

tnre-content is below 12 or 13 per cent, wet basis, all bio
logical activity is slow and the grain will stay in good 
condition during long periods of storage, two years and 
longer. 

Grains, being hygroscopic, tend continually to increase 
or decrease in moisture-content depending upon the hu
midity of the surrounding atmosphere. If the air is dry it 
picks up moisture from the grain; if humid, moisture 
moves from the air to the grain, so that at all times grain 
and air are tending to come into moisture equilibrium 
with each other. For this reason, in humid climates grain 
put into storage dry may later have absorbed enough 
moisture to permit spoilage. Also, for this reason moisture 
may migrate from one region in a storage bin to another 
resulting in partial spoilage. Corn, for example, may be 
stored in a relatively large bin, say 3,000 bushels, having a 
uniform moisture-content of 13 per cent at the time of 
storage. The grain will be warm in the summertime. As 
winter approaches, the outer layers and the top surface 
will cool faster than the interior. The air in the space 
between kernels will be warmer and therefore less dense at 
the interior than at the outside so the interior air moves 
upward, being replaced by cooler air from the sides. The 
air at the centre will be in moisture equilibrium with the 
warm grain. As it moves upward it contacts the top layer 
of grain which is relatively cold. The relative humidity of 
the air increases because of the lower temperature and as a 
result the grain absorbs moisture from it. This drying in 
the warmer parts and absorption of moisture in the cooler 
parts of a bin takes place slowly because the air movement 
is very slow, but over a period of several months, the top 
layer moisture may increase seriously even though there 
may be no net increase in the amount of moisture in the 
bin as a whole. 

In ordinary storage, particularly on the farm where 
grain is stored directly from the field, there are likely to be 
local spots of damp grain in a bin, and even though the 
average moisture-content of the grain is low enough for 
safe storage, these pockets will cause trouble. The first 
evidence of such pockets of damp grain may be heating. 
With excessive moisture, respiration of the grain itself and 
of mould organisms, generates heat faster than it can be 
dissipated and the temperature goes up. Up to certain 
limits, higher temperatures cause increased respiration 
rates so that such heating is self-accelerating. Grain can go 
out of condition in a few days if such heating continues. 

Insects also may be a source of accelerated damage. If a 
colony of insects develops in a local region in a bin, by 
reason of favourable moisture and temperature there, 
their activity generates heat, and moisture as well, which 
may affect the remainder of the bin. In general, in the 
northern part of the United States grain insects are 
usually not a serious problem. In the south, particularly 
in the humid areas, insect infestation is so serious that 
losses in storage have discouraged the production of grains. 

Equipment for mechanical drying of grains and hay on 
Grains as stored are usually alive. They respire and, as the farm is coming into use. By reducing the moisture

a result, generate heat. At the same time, living micro- content to a safe level at the beginning of the storage 
organisms are present and attempting to use the grain as period and preventing re-absorption of moisture, most of 
food. These also respire and generate heat. At ordinary the difficulties of storing grain and forage can be avoided. 
temperatures the respiration rates are slow if the moisture- Good building construction will prevent rodent damage 
content is low. With corn, for example, when the mois- and where necessary, fumigation can control the limited 
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insect infestation that may occur in well-dried grain. A 
recent development in the storage of hay is mechanical 
ventilation in the mow. By putting hay in the mow be
fore it is dry enough for safe storage and forcing air 
through it, spoilage in the field on account of sun and rain 
is reduced. Much of the hay that is lost in the field by 
shattering when handled dry is saved by handling it when 
relatively high in moisture and drying it in the mow. 

For the most part, agricultural products have been 
stored only for one season, each crop being consumed 
within about a year or less of its production. In the case 
of grains, both for food and feed, attempts are being made 
to stabilize the supply by storage over periods of several 
years. Physically, the grains are suitable for such storage. 
Large quantities of corn and wheat were held over from 

year to year out of the large crops produced in the years 
immediately before the Second World War. Corn was 
held as long as five or six years and these supplies proved 
invaluable when the war demands were greater than 
current crops. 
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The Storage of Some Agricultural Products Australia • 1n 

A. B. CASHMORE 

ABSTRACT 

The paper deals with the storage of the less perishable products of Australian agriculture and particularly with the 
methods used in preventing damage to grain, hay, potatoes, and wool. It is emphasized that these products are normally 
harvested under conditions which are favourable to storage. 

The development of methods for the protection of wheat against insect infestation is described in detail. Mineral 
and tar oils are used in controlling residual infestations in storage structures, mineral dust barriers with liquid fumi
gation are employed with bulk grain and bagged wheat stacks are effectively fumigated with liquid fumigants such as 
carbon bisulphide. Silos are fumigated satisfactorily with Cyanogas. The result of the research programme on grain 
problems has been to improve radically the understanding and treatment of wheat storage problems. Hay is protected 
from mouse damage by sheet iron fencing and the use of poisoned water. Insects infesting stored potatoes and wool are 
controlled by applications of the new insecticides. 

The question of possible shifts in emphasis in agricultural production is dealt with very briefly. The main trends in 
Australia are in the development of new country by the application of trace elements as fertilizers and in the extension 
of irrigation areas. 

INTRODUCTION 

It is the purpose of this paper to describe some of the 
problems that exist in storing the less perishable products 
of Australian agriculture and the measures that have been 
adopted to overcome these. 

Under normal conditions of shipping and internal 
movement there are few storage problems of serious im
portance with these less perishable products. Agriculture 
has developed in response to local demands for foodstuffs 
and apparel and to meet the export trade in certain com
modities which do not deteriorate readily, or are preserved 
by refrigeration during transport. The export surplus is 
moved by shipping in the current season. Generally then 
the main problems are restricted to care in storing grain, 
the mouse-proofing of stacks of hay and bagged grain, the 
protection of potatoes in storage, and normal hygiene and 
care in handling other products which are consumed or 
shipped within a relatively short period. The conditions 
under which the various commodities are produced gener
ally are favourable to storage. 

Agricultural production in Australia is, of course, linked 
closely with climate. In the arid central and north
western areas cultivation is almost unpractised and pro-

duction is confined to beef cattle and wool. Cane sugar 
and tropical fruits are produced on the tropical north-east 
coast together with fat cattle. Milk, too, is produced in 
more elevated areas. Subtropical areas of the east coast 
are used for mixed farming--cropping, including maize, 
and the production of animal products and fruits. South
ern areas of the continent enjoy a Mediterranean climate 
with rainfall mainly of winter incidence and temperatures 
which permit plant growth throughout the year. It is 
only in elevated districts that snow is experienced. These 
southern areas are those in which wheat growing is mainly 
concentrated and in which sheep, dairy, and fruit farming 
are important. Wheat is grown during the winter and is 
generally harvested under dry hot conditions in the late 
spring. As a consequence the moisture content of grain 
seldom exceeds 10 per cent at harvest, there is no need for 
grain drying, and damage by insects to stored grain is not 
extensive. Because of drier conditions at harvest and 
lower air temperatures, storage of grain at southern ports 
is attended with less trouble than at more northern 
centres. 

The main developments in storage and preservation 
techniques have come from investigations stimulated by 
the intensification of problems under war-time conditions. 
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DLiring both the 1914-1918 and 1939-1945 wars shipping 
difficulties were experienced, and it was necessary to store 
products for much more lengthy periods than normal. 
Under these conditions storage difficulties are enhanced. 
The main problems encountered in Australia, and the 
action taken to meet them, are described below together 
with a brief outline of normal storage practices. 

WHEAT 

Until the recent war period the Australian harvest was 
generally cleared during one year by local consumption 
and shipment, and this fact, coupled with the circum
stance that Australian wheat is harvested by machines in 
the field under dry hot conditions, rendered the problem 
of grain storage a simple one. With shipping difficulties, 
the problem of storage became more serious and a great 
d~·al of research on insect pests was initiated. This re
search has been productive of results of great practical 
significance. 

The problems presented to research teams were rendered 
more complicated by the large quantities of wheat held, 
by the distances separating the wheat production areas, 
and by the various methods of storage used in the several 
States. The approach to the problem was essentially 
practical. 

The initial work consisted of studies of the relevant 
literature (33)1. It became evident that the freedom of 
storage sites and materials from residual infestations was 
of importance, and investigation was directed towards 
providing mineral oil or tar oil emulsions suitable for dips 
and sprays (1, 17). Particular attention was also given, 
from an early stage, to discovering mineral dusts of in
secticidal value but innocuous to operatives. Many such 
dusts were ground from naturally occurring materials and 
their insecticidal rating assessed (15, 22). Subsequently it 
was shown that the effectiveness of these dusts could be 
greatly enhanced by the addition of DDT or Gammexane 
(24), bringing them to the same order of efficiency as the 
best dusts received for testing from abroad. 

Various considerations made it necessary to investigate 
the moisture-content-relative-humidity equilibria be
tween wheat and the atmosphere (19, 21) and studies 
were also made of the changes in wheat temperature that 
followed the "turning" of bulk wheat in summer and in 
winter (18, 20). Temperature records were also made over 
a period of two years in wheat stored in a concrete silo (35). 
A considerable addition was made to knowledge of the 
bionomics of various grain pests. Precise assessment of 
the survival rates of the different stages of Calandra oryzae 
and Rhizopertha under constant conditions of temperature 
and moisture content (1, 2, 3, 4, 5, 6, 10) proved of con
siderable value in the interpretation of field observations. 
Other additions to knowledge of the biology of stored 
wheat pests together with accounts of their importance 
under different conditions of storage were made (12, 13, 
21l, 37, 38, 39, 43). In a more restricted field new infor
mation was provided by research on respiration of grain 
and grain insects (8, 31), on food requirements of strains 
of Calandra (7), and the changes in the subsurface atmos
fhere of bulk wheat (32). Observations were made on the 

1 Numbers within parentheses refer to items in the bibliography. 

amplitude of fluctuation of both temperature and mois
ture content at different depths in bulk wheat in response 
to environmental changes (42). 

Severe damage by insects occurs only near the surface 
of a wheat mound because infestation is gradually re
stricted to the periphery of an infested mass. This re
striction is caused by heat generated by the insects, a 
related fall in moisture content, and the consequent 
development of lethal conditions within the wheat mass 
(38, 41). The question of heating in wheat, with and 
without the presence of insects, was elucidated. Data 
were secured on the thermal-conductivity of wheat and 
on heat production by insects and by wheat itself. These 
data were used to calculate rates of temperature change 
in wheat masses (9, 31, 34, 35). 

In the practical field several important techniques were 
developed. A method was evolved for the fumigation in 
situ of stacks of bagged wheat without limit to the size of 
the unit to be fumigated. By enclosing the vertical faces 
of a stack and distributing the fumigant (carbon bisul
phide, etc.) over the upper surface a very good kill of in
sects is secured (43). The method is used extensively with 
very satisfactory results. The problem of controlling in
festations in the huge wheat mounds in bulk-depots was 
also resolved satisfactorily. It was shown that mineral 
dusts applied to the surface of a wheat mound greatly 
reduced the infestation rate ( 40) and that the infestations 
developing despite the dust barrier can be controlled by 
the application of liquid fumigants to the surface of the 
affected area (39, 44). This mineral-dust-cum-fumigation 
method is applied with considerable success. Additionally, 
sprays and dips were developed that are suitable for site 
and dunnage treatments (17), and trial silo fumigations 
(16) have led to effective silo fumigation with Cyanogas. 

The effect of this work has been to improve radically the 
understanding and treatment of wheat storage problems 
in Australia. 

MOUSE-PROOFING OF STACKS 

Normally little is done to mouse-proof bagged wheat or 
hay stacks as these are turned over within a year of 
building. Where stacks are to be more permanent the 
methods of protection used are: 

1. To build the stack upon a raised platform with ver
min guards in the form of sheet iron caps or inverted 
petrol tins placed on the blocks supporting the platform. 

2. To enclose the stack with a galvanized sheet-iron 
fence about 2 ft. high. The sheet-iron is let into the ground 
to a depth of 4 inches and placed in a slanting position, 
leaning outwards, round the stack. 

Further protection is obtained when mice are trouble
some by placing dishes of poisoned water (dilute arsenic 
solution) all round the stack. This practice is particularly 
effective when stacks are placed at some distance from 
normal drinking water. 

POTATOES 

A serious pest of stored potatoes in Australia is the 
potato moth, Gnorimoschema operculella (Zell). A number 
of experiments have been done with mineral dusts and 
with insecticides to determine the best methods of pro-
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tecting stored tubers. The most effective dust found was 
ferric oxide of the following composition : 

Per cent 

Free moisture . . . . . . . 5 to 10 
Hvdrated oxide of iron . . . 75 to 80 
Irl'soluble material (silica etc.) 10 to 20 

This was baked and ground to pass a 200-mesh sieve. 
The most effective insecticide as such was DDT. The use 
of small amounts of DDT, up to 1 per cent, with ferric 
oxide dust provides protection under most conditions of 
storage and does not leave treated tubers an undesirable 
colour as does treatment with other DDT-containing 
dusts (28, 29). 

WOOL 

Wool is usually used or shipped in the year of produc
tion, but during the recent war period wool was sometimes 
held in store for a period of years, and the probiem of 
damage by clothes moths became a serious one. These 
moths, Tineola biselliella and Tinea pellionella, were 
present in wool stores in the proporticm of approximately 
four of Tineola to one of Tinea. A survey has shown that 
almost all wool going into store is lightly infested. Dam
age even after some years is confined to the outer two 
inches of the highly compressed bales and is most pro
nounced in inferior types of greasy wool. 

In 1941-1942 tests were done with various sprays to 
reduce this damage (30). A coal tar fraction known as 
"middle oil 43" was found to be superior to other sprays 
for greasy wool and to scour out completely during 
processing of the wool. A solvent naphtha saturated with 
naphthalene at 70 degrees F. was found to be effective 
in controlling moths in scoured wool. This proved also 
the cheapest spray available for the purpose. The spray 
evaporates from wool without leaving a stain and without 
interference with subsequent dyeing. A satisfactory treat
ment for both greasy and scoured wool was to spread 
commercial "whizzed" napthalene on top of each tier 
of bales, in building stacks, at the rate of 1 lb. per double 
dump. 

With the introduction of new insecticides the use of oil 
sprays and napthalene has been discontinued and DDT 
sprays employed. 

SHIFTS IN AGRICL:LTURE 

As pointed out above, the development of the agri
cultural pattern in Australia has been determined mainly 
by climate and by local and export demand for products. 
It is held unlikely that any marked change in the pattern 
is likely or possible in the arid and semi-arid areas or in 
districts where specialized crops required by the home 
market are produced. Shifts in emphasis are possible, 
however, and facilities exist to permit them where mixed 
farming is the rule and in the main grain-producing 
centres. Technological advances, based on careful re
search, have been such over the last twenty years that the 
tendency in the wheat districts is towards greater diversi
fication of crops and the use of sown pastures with live
stock in rotation. In the more secure grazing areas 
the use of improved pastures with some production of 
direct food crops is becoming more generaL ~ew country 
is constantly being brought into production by the appli-

cation of new fertilizing techniques and by extension of 
irrigation areas. 
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ABSTRACT 

The paper deals with the problem of conserving green crops which play a decisive role in the nutrition of domestic 
animals and, hence, of man. Particular attention is paid to the effect of cutting dates on the chemical composition and 
nutritive value of crops with emphasis.on the effect of frequent cutting during the growing season. Leguminous plants 
(clover species, alfalfa, etc.) occupy a central position in modern grassland farming. 

Curing of crops by drying on the ground is still, in terms of quantity, the most important mode of preserving green 
crops. This method involves great losses and cannot be applied to curing of young crops cut frequently during the 
growing season. Under uncertain weather conditions drying ought to be done on racks, requiring much work and ex
pense. In a few countries only is the rack-drying general. 

Artificial drying of grass is efficient and well adapted to preservation of young high-protein grass. The cost of the 
machinery and large expenditure of energy, however, raise the price of artifically dried grass so high that the method is 
not, for the present, applicable to production of cattle fodder on a large scale. 

Fresh preservation of fodder, that is, silage-making, possesses the same fundamental advantages as artificial 
drying but is economically more profitable. Silage-making has a tenable theoretical basis established by the obser
vation that the decomposition processes in a fresh, tightly-packed fodder mass depend decisively on the pH of the fodder 
and that the obtainment of the limit of pH 4 guarantees the control over the decomposition processes. Below pH 4 the 
decomposition processes are at a minimum and are fully controllable. This fact makes it possible for this method of 
fodder conservation to meet high standards both with regard to the physiological and hygienic quality of the silage and 
to nutritive losses. Appended to the paper are diagrams illustrating the findings of the author with respect to the ef
ficiency of different preservation methods. 

The preservation problem of paramount importance in other plant crops. The green forage crops supply the 
farming is the conservation of green crops. Grass (in- main part of the energy and protein requirements of live
eluding the family of Gramineae as well as Leguminosae) stock as well as the major part of the vitamin require
is the most essential feed for the production of milk, meat ments, including almost the entire need for vitamin A. 
and wool and for animal work. In certain countries the The manysided composition of mineral substances in 
annual green forage plants occupy a notable position green plants is the basis for success in raising livestock. 
beside that of grass. The amount of nutrients in the green As man, in turn, obtains from the animal kingdom a con
forage crops produced on the globe is higher than in any siderable proportion of his energy requirements and a very 
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important proportion of proteins as well as of certain vita
mins and mineral substances, the green plant crops can be 
considered basic also for human nutrition and welfare. 

There are only very small areas on the globe where 
pasturage can provide livestock with satisfactory food 
throughout the year. In warm tropical regions the rain
less period may be as great an obstacle for the growth of 
grass as winter is in more severe climates. Preservation of 
green crops for such non-productive periods is therefore 
essential in most parts of the world, though the degree of 
essentiality varies according to the length of winter or of 
the dry period. 

The preservation of grass presents technical and econo
mical problems of great complexity because the grass has 
a different chemical composition, and hence, a different 
feeding value at varying stages of maturity. The fibre 
content steadily rises in plants with the advance of growth 
from the pasture stage to flowering and beyond, while the 
percentage of digestible carbohydrates and proteins, as 
well as of vitamins and minerals, falls. Moreover, the 
digestibility of the fibre decreases as its content rises. 
Consequently, the nutritive value of grass at the time of 
grazing differs essentially from its value at haymaking 
time (flowering stage). 
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Figure L The fibre, protein and carotene content of red clover 
and timmhy at different of growth. The figures indicate 
the digestibility of fibre protein, those in parentheses the 

digestibility of total organic substance 

spectively, the figures in brackets the digestibility of total 
organic substance. It appears clearly from the curves that 
the energy, protein and vitamin content of the fodder is 
the higher, the younger the grass is at the time of crop
ping. The food requirement of the livestock determines, 
in turn, how digestible the food must be. For example, the 
cattle kept for meat production can be maintained by 
fodder much inferior in digestibility and protein to that 
fed to high-yielding dairy cows. 

In practice, the decisive effect of the stage of develop
ment on the productive value of grass was known long 
before the chemical composition of plants was deter
mined. Much higher milk yields were attained from 
grazing on young short grass than on older grass at 
blooming stage. Modern efficient grassland farming is 
based primarily on the curing of grass at a young stage. 
On good pasture without any additional fodders a high
yielding dairy cow can produce 25 to 30 kg. of 4 per cent 
milk per day. The same grass at blooming stage produces 
only 10 to 15 kg. of milk per day. There is no more 
striking example of the difference of the quality of grass 
at different stages. 

The work now in progress in different countries for a 
more effective grassland management is based on the 
changes, mentioned above, in the composition of plants 
from pasture stage up to maturity. In order to achieve an 
early first cut and frequent cropping per summer, the 
swards must have a vigorous growth-potential and the 
botanical composition of the grass must be such that 
rapid new growth is ensured. Perennial legumes such as 
clovers and blue lucerne (alfalfa} possess special capacity 
to aftermath, for which reason their inclusion in the flora 
of swards designed for frequent cutting is indispensable in 
climates where the rainfall is small during part of the 
summer. Extension of legume growing will effect a 
striking increase in the protein production of the world 
and at the same time a better utilization of atmospheric 
nitrogen in agriculture. As a great part of mankind 
suffers from protein deficiency, a deficiency that becomes 
more marked with the increase of population, the ex
tension and improvement of legume growing is of the 
utmost importance to the nutrition of man and to the 
nitrogen manuring of soils. 

The problem of conserving green plants occupies a 
central position in farming as a result of efforts to cut 
green crops early, to extend the growing of legumes and, 
as a consequence of these measures, to obtain green crops 
richer in protein and higher in digestibility. The losses in 
nutrients annually incurred in preserving forage through
out the world amount to immense sums, to say nothing of 
the loss of important nutrients badly needed by mankind . 
The problem of fodder conservation thus has a significance 
equal to the problem of production. 

The methods of crop preservation can be divided into 
two main groups: drying and fresh preservation. 

DRYING 

Figure l illustrates the changes taking place in the pro- Natural Drying 
tein, fibre, and carotene content of red clover and Grami- From time immemorial, the universal method of curing 
neaes in the course of development from pasture stage to grass has been by drying out-of-doors. The most primi
full bloom. The figures on the curves at different points tive way was drying on the ground with occasional ted
denote the digestibility of crude protein and fibre re- ding. As long as the grass was taken from natural mea-
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dows, this custom was quite common. Cultivation of 
grass, whereby the crops per unit area were largely in
creased and the grass, owing to the type of vegetation, 
became more and more difficult to dry, brought into use 
various types of racks or frames in the drying of grass. By 
these means it was possible to dry grass and some other 
green fodders in climatic conditions where hay would be
come spoilt when drying on the ground. The losses in
\olved could simultaneously be reduced. 

As to the losses of nutrients in the making and storage 
of hay, the information available in the literature varies. 
The discrepancies are due chiefly to different conditions 
and methods of drying as well as to the manner of per
formance. The careful investigations carried out by 
Wiegner and his collaborators in Switzerland during the 
1920's and 1930's showed that during the drying on the 
ground the grass lost on the average about 40 per cent of 
its nutritive value in a comparatively favourable weather 
and about 50 per cent in unfavourable weather. The 
~orresponding losses in digestible true protein were about 
~:0 per cent and about 45 per cent respectively. The mini
mum and maximum losses in starch equivalent were 36 
and 62 per cent and the corresponding losses in digestible 
true protein 20 and 62 per cent. The grass used in the ex
periments was rather rich in clover and the losses were 
determined from the time curing began until feeding, so 
that the figures include both mechanical losses and 
drying and storage losses. 

In rack-drying the losses were somewhat smaller in the 
experiments of Wiegner and his fellow workers. The losses 
in starch equivalent amounted to 30 to ,10 per cent and 
those of digestible true protein to 20 to 30 per cent. The 
best results were obtained by using the Swedish wire 
ience. 

Other experiments performed in Central Europe have 
led to very similar results. Only in the most northerly 
•:ountries of Scandinavia--Sweden, 'Norway and Finland 
-where drying on fences and stakes is far developed, are 
the losses somewhat smaller than in the Swiss experi
ments. In the north, hay is generally stored in barns. 
Taking into account all the losses involved in haymaking 
and storage in Finland where stakes with two to three 
cross-arms are commonly used, the losses in feed units 
ior starch equivalent) are estimated to be near 30 per cent 
and those in digestible protein a little less (1)'. In Sweden, 
also, smaller losses were found (about 20 per cent) with 
the use of wire fence for drying grass that is not cut until it 
reaches full bloom. But in drying young grass the losses 
in feed unit amount to about 30 per cent (3). 

Since drying on fence, stakes, and other racks or frames 
•:annot be mechanized but requires that the grass be laid 
:hereon by hand, haymaking will always be a costly and 
_aborious task. The costs of purchase and renewal of 
fences, racks, etc., will, moreover, be appreciable. Drying 
·m the ground is therefore still practised in many coun
tries. In countries v.ith heavy rainfall, for example in 
[reland, cured on the ground will often be damaged; 
the nutritive losses will then rise to 50 per cent and more, 
md the nutritive value will be that of straw. In regions 
where the weather stays fine during haymaking and the 

1 Numbers within parentheses refer to' items in the bibliography. 

atmospheric humidity is slight, drying on the ground will 
succeed fairly well. By the use of special hay tedders, the 
man-labour can be greatly reduced and the drying made 
speedy and inexpensive. In drying of legumes and legume
rich grass whose leafy parts easily fall off, this method of 
curing involves great losses. 

The losses in vitamins are great in drying on the ground. 
The carotene losses vary widely depending on the drying 
time and weather conditions, and may amount to 80 per 
cent. The higher the temperature during storage, the 
more rapidly does decomposition take place. In the 
spring, hay contains only 5 to 20 per cent of the carotene 
of the original grass-vitamin C is almost entirely lost. 
As to the vitamins of the B-group, lactoflavin suffers 
large fractional losses. Information is very deficient on 
the losses in other vitamins but it appears that most 
of them diminish in amount during drying. Only the 
vitamin D content is increased by sunlight during drying 
on the ground. 

In rack-drying the carotene losses are considerably 
smaller than in drying .on the ground. Even so the losses 
are high if the temperature during storage markedly ex
ceeds 0 degrees C. In the spring hay dried on the racks 
contains 10 to 10 per cent of the carotene of the original 
grass. 

The great losses that occur in the making and storage 
of hay not only reduce the crop in quantity but also and 
first of all, in nutritive value since the losses occur almost 
entirely in the most digestible constituents of the fodder. 
Because of the lowering of the feeding value, a high milk 
production cannot be attained by hay alone, but requires 
that the daily rations be supplemented by well digestible 
fodders, a part of which must be high-protein concen
trates. The indoor-feeding of dairy cows must therefore be 
composed of several different fodders, some of which have 
to be imported in many countries. Only the modern silage 
making from high-protein green crops, in which legumes 
form a great proportion, renders possible a high milk pro
duction by home-grown fodders (see below under "Pre
servation of Fresh Fodder"). 

Artificial Drying 

The difficulties encountered in natural drying of grass, 
and especially the impossibility of drying grass at an 
early stage of growth. aroused interest in artificial drying. 
The costs of this method are so high, however, that only 
valuable crops, primarily young grass and legume-rich 
mixtures, should be considered for artificial drying. 

In various countries driers of different types have been 
designed and manufactured with a view both to the econo
mic aspects of their use and to the nutritive losses in
curred by their use. In general, a high temperature, par
ticularly at the final stage of drying, lowers the digesti
bility of protein. The original belief that practically no 
losses would occur in nutritive value during artifical 
drying is evidently not well founded. The average loss in 
feed units is undoubtedly 10 per cent at least. The magni
tude of the losses in feeding value has some connexion 
with the debatable question as to what extent the loss of 
energy during digestion is linked with the cmde fibre 
content of the feeding stuff. The respiration experiments 
made by Crasemann (4) in Zurich disclosed that artificially 
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dried, unground grass had 16.6 per cent less energy value, 
on a dry matter basis, than the original fresh grass. The 
digestibility of protein is considerably lowered during the 
drying, according to the Swedish experiments (see 
Table I). 

The losses in vitamins from artifical drying are also 
noticeable. The losses in carotene during the drying pro
cess are 5 to 15 per cent (10) if over-drying is avoided, but 
they increase so much during storage that grass dried in 
summer contains by late winter or spring only 30 to 60 
per cent of the carotene content of fresh grass. In arti
ficially dried, ground grass the losses are greater than in 
chaffed (3). Nevertheless, artificially dried grass, if it is 
made from young grass, contains appreciably more caro
tene than ordinary hay. Ascorbic acid disappears for the 
most part from artificially dried grass. 

Artificial drying had many advantages over ordinary 
haymaking: 

(i) Grass can be dried irrespective of weather at a 
young stage. 

(ii) The losses are much smaller than in haymaking and 
the product obtained is uniform in quality. 

(iii) Because of these facts, the product is of high quali
ty both with regard to digestibility and protein 
content. 

In practice, artificial drying is not applied to forage in
tended for dairy cows because of the high price of the re
quisite machinery and the high expenditure of energy. 
which together raise the costs per feed unit unreasonably. 
In the Danish comparative studies of haymaking, AIV 
method, and artificial drying (8), the recovery of the feed 
units of original grass was 67 per cent in hay, 83 per cent 
in AIV silage, and 90 per cent in artificially dried grass. 
But the cost of one feed unit from AIV silage was 13 
Danish ores, while one unit from artificially dried grass 
costs 37 Danish ores. 

Since only a high-quality forage, primarily young, 
legume-rich grass, may be considered as raw material for 
artificial drying, the first cut must be dried in a very short 
time, at the most within a week. Otherwise the fibre 
content of the grass rises too much. For this reason, 
drying equipment intended for use on even a medium
sized farm in Europe (30 to 50 hectares) would have to be 
exceedingly large; even an apparatus with a drying capa
city of one to two tons of fresh fodder per hour is very 
large. The same difficulty would be encountered if a drier 
was purchased jointly by several farms; moreover, each of 
the joint-owners would want to dry his grass at the same 
time. 

Under present conditions, artificial drying is warranted 
only for small amounts of grass fed to pigs and poultry for 
the purpose of remedying the deficiency of protective 
foods. 

Another method with the same aim but with a much 
wider application than artificial drying is fresh preser
vation. 

PRESERVATION OF FRESH FODDER 

Originally, the purpose of silage-making was perhaps to 
preserve such fresh crops as could not be dried. Modern 
silage-making has another aim of decisive importance: 

cutting of grass crops and particularly of legume-rich crops 
at an early stage of development, and thus obtaining pro
duction fodder of high-quality. 

Silage-making was entirely empirical until the latter 
part of the 1920's. It was known that the plants poor in 
protein and rich in sugar, as, for instance, corn, yield good 
silage at a certain stage of development whereas high
protein plants, and legumes in particular, generally yield 
a poor-quality product which often has a bad odour. No 
principle was known which would guarantee routine suc
cess in preservation, and it was impossible to measure the 
quality of silage and express that measure in simple and 
exact terms. The cold and warm fermentation methods 
with several modifications were in use, each of them 
having its own supporters and opponents. The investi
gations by Wiegner and his collaborators in the 1920's 
proved that the losses in silage-making by different 
methods were on the average approximately the same as 
in haymaking: the loss in dry matter was 15 to 20 per cent 
and in starch equivalent and digestible protein about 40 
per cent. The results reported by different investigators, 
as well as the results of different experiments by the same 
investigators, varied widely. On the whole, however, the 
experiments made in different countries gave results simi
lar to those of Wiegner. 
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Figure 2. Schematic illustration of the influence of pH on the 

intensity of different biological processes in silage. 

The theory that I worked out in 1925 simplified and 
elucidated the problem of fresh fodder conservation. 
According to my theory, fresh tightly-packed silage regu
larly keeps well, whatever its composition, provided that 
the pH of the fodder mass is rapidly brought to pH 3 to 4. 
Reliable experiments have unquestionably proved that 
the harmful decomposition processes in the fodder mass
formation of carbon dioxide, volatile acids and ammonia
remain very slight and controllable (Figures 2 and 3); 
hence, nothing unexpected can occur. The material and 
nutritive losses are therefore small. In case no effluent is 
formed, the losses are restricted to 2 to 5 per cent in en
siling of young clover or legume-rich grass. 

Our experimental data represented by curves in Figure 
3 give a clear idea of the situation. It can be seen that 
over pH 4 the decomposition processes accelerate with the 
rising pH. They are then no longer controllable to the same 
extent as below pH 4, so if different lots of silage have the 
same pH, the range of decomposition processes may vary 
considerably, at any rate over pH 4.5. Even in this case, 
however, estimation of pH is usually a sufficiently ade-
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qnate means of determining the success of conservation 
and the quality of silage. If a more definite measurement 
is desired, the amount of ammonia can be determined and 
expressed in percentages of total nitrogen. If the pH is 4 
or less, the estimation of pH is fully sufficient as an in
dication of the quality of the silage. 
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• AIV silage 
x Amasl[ silage (normal amount of formic acid) 
A Amasil-2 silage (double amount of formic acid) 
@ Ordinary silage 
CiJ Silage with 2'/o molasses 

Figure 3. Formation of carbon dioxide, ammonia and volatile 
acids in silages preserved by different methods. 

Since the decomposition processes and losses in the AIV 
method are slight, the digestibility and the digestible pro
tein content of the AIV silage are almost equal to the 
corresponding values of the ensiled fresh fodder. In Table 
l are given the digestibility coefficients for fresh grass, hay 
dried on the ground, artificially dried grass, and AIV 
silage, as determined by the Agricultural College of 
Sweden (3). 

Table 1. 

Or g. Crude Crude N-free 
subst. prot. fat ex- Fibre 

tractives 
Fresh green fodder 68.8 71.8 55.0 73.8 59.7 
Artificially dried grass . 66.8 67.0 51.5 71.8 59.5 
Hay dried on the ground 64.2 67.5 38.4 68.0 59.0 
AIV silage 67.3 68.2 a 58.1 68.7 64.4 

a In most of the experiments carried out in various countries, 
the digestibility of protein in AIV silage has been practically the 
same as in the raw material. 

The principle of the pH 4 limit can be introduced with 
certainty by adding to the fodder at the time of ensiling a 
definite amount of acid (the AIV method). A mixture of 
hydrochloric and sulphuric acids has hitherto been the 
most economical for this purpose. Lactic acid or any 
other organic acid, utilizable by an organism and equal in 
nutritive value to sugar, would be ideal for the purpose, 
but so far the chemical industry has not been able to pro
duce such acids at a sufficiently low price. In the future, 
they will presumably come into use. The use of formic 
acid in silage-making in the quantities advocated by I.G. 
(Amasil-method) does not lead to decisive results. The 
pH of silage can even then remain at about 4.5 to 5.0, and 
decomposition will be extensive. Application of higher 
amounts of formic acid will lead to the AIV method, but 
the physiological effect of such large amounts of formic 
acid has not yet been fully ascertained. Besides, the price 
of formic acid has so far been high. 

The addition of acid in amounts required by the AIV 

method is in general practice in Finland. In the 3,296 
silos examined in Finland in 194 7 ~48, the AIV silage had 
a pH 3-4 in 87.1 per cent, pH 4.01~4.2 in 4.3 per cent, 
pH 4.21-4.4- in 3.2 per cent, pH 4.41~4.60 in 5.3 per cent 
and over pH 4.6 only in 0.1 per cent. In one silo alone the 
pH was below 3. Practical experience of seventeen years 
in Finland has shown that instruction is indispensable 
both as regards the conservation of fodder and the selec
tion of suitable cutting dates. 

The establishment of the decisive role of the pH 1-limit 
in fresh preservation has stimulated new attempts to 
develop fermentation methods by which the said limit 
would be attainable. Addition of sugar is one means of 
raising the amount of lactic acid in the silage. But if the 
water content of the fodder is high, this procedure often 
does not lead to favourable results. The amounts of sugar 
required to bring the pH to4 are high, and in addition, the 
pH has a tendency to rise later if the silage is submerged 
in the effluent. If the effluent is allowed to accumulate in 
the silo in large quantities, the removal of silage from the 
lower part of the silo is a dirty job, and the effluent 
streams along the byre floor and the feeding-table. 
Effluent in which large amounts of nutrients have been 
dissolved during conservation is simultaneously lost. 

If the dry matter content is high and the fodder is 
chaffed, the possibilities of application of fermentation 
method are improved. In the United States a method has 
lately been tried which aims to raise the dry matter con
tent of high-protein fodder up to 30 per cent and more by 
means of pre-drying on the ground, by which means the 
sugar concentration rises. By this procedure it is easier 
than by any other fermentation method to approach or 
attain or even to go below the pH 4 limit. Pre-drying is, 
however, difficult or impossible on large areas of the globe, 
because of uncertain weather and atmospheric humidity. 
Where frequent cutting is a practice, regular pre-drying of 
every crop is impossible. In addition, great doubts are 
sustained in regard to pre-drying because it is difficult to 
control, at any rate on small farms, which in many coun
tries are chiefly responsible for agricultural production. 

An attempt has also been made to promote lactic acid 
fermentation in silage by crushing the fresh fodder in 
special crushing machines. The cell sap is thereby rapidly 
liberated and the conditions of growth for the lactic acid 
bacteria are improved. In this way a much better silage 
has been obtained from beet-tops with smaller losses, than 
when the fresh fodder is not crushed. 

Figure 4 presents the idea I have formed of the nutri
tive losses in different fodder conservation methods on the 
basis of the literature and my own experiments. Re
garding the different ensilage methods I have relied in the 
first hand on my own experiments. In particular, the 
efficacy of the different methods is appraised by our 
laboratory experiments, in which the gas evolution in 
silages was also determined. 

In the light of the above, the AIV method is the safest 
and most efficient ensilage method. Its theoretical foun
dation is plain, and if its principle is carried out, the result 
is guaranteed in all climatic conditions and in all sorts of 
weather. If the silage is very wet the losses, owing to high 
drainage of effluent, are greater than if the dry matter 
content is more than 25 per cent, when there will be prac-
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Figure 4. Diagram illustrating the losses in feed units and util
izable protein in different preservation methods. The suitable 
stage of of grass (gramineae leguminosae), the hygienic 
quality the resultant product and effect of the product on 
the taste of milk are given in the adjoining explanations. (Util-

izable protein digestible crude protein minus ammonia). 

1. on the ground. Humid climate, rains. Grass in full 
H"'<Y>P·mt' quality of hay poor, hay partly damaged. 

on the ground. Dry climate, rainless. Grass in full 
"'I''"'"''vu::,in losses depend on the of plant (highest 

in legumes, lowest in gramineaes) and on drying technique. 
Hygienic of hay good; or 

Drying on (fence, stakes etc.). Grass budding or in bloom. 
Variations in losses depend on weather, plant species, stage of 
maturity, type of racks and manner of performance. l\feets with 
success in spite of occasional rain unless the atmospheric humidity 
is uniformly high. Hygienic quality of hay generally satisfactory 
or good. 

3. A t·fi(lcial drying. Grass young, not flowering. Hygienic 
quality of hay good. 

4. Silage by warm fermentation or by electro-fermentahon method. 
Grass young. Dry matter content of more than 25 per cent. 
Generally, silage does not cause defects iu milk. 

5. Silage cold fermentation method. Grass young. Dry matter 
content less 25 per cent. Effluent drained off. Silage often 
causes taste defects in milk because the acidity remains too low. 

6. Silage by cold fermentation method. 'With 2 to 4 per cent 
addition of molasses depending on the protein content of fodder. 
Grass young. Dry matter content of grass less than 25 per cent. 
\Vater-tight no drainage of effluent. value of molasses 
not included. water content of the fodder high, silage often 
causes taste defects in milk because the acidity remains too low. 

7. Silage by cold fermentation method. ·with 2 to 4 per cent 
addition of molasses or without any additions. Grass young, 
chaffed very short. \Vater-tight silo. Dry matter content more 
than 25 per cent, optimum 30 to 32 per cent. No taste defects 
in milk caused by silage. 

8. the A IV method (pH of fodder :l to 4, addition of 
acid). foolproof, independent of fermentations. Grass 
young, dry matter content less than 25 per cent. No taste defects 
in milk caused by silage. 

9. Silage by the AIV method (pH of fodder 3 to 4, addition of 
acid). Grass young, dry matter content more than 25 per cent. 
No taste defects in milk caused by silage. 

tically no drainage and the storage losses will be restricted 
to a few per cent. If the dry matter content of clover is 
about 14 per cent, the effluent will remove about 10 per 
cent of the organic substance of the fodder; if the dry 
matter content is about 20 per cent, the removal of org
anic matter in the effluent will be about 3 per cent. Silage 
with a pH of 3 to 4 causes no taste defects in milk, which 
is most important in regard to the milk, butter and cheese 
consumption industry. In methods that produce silage 
with a pH between 4 and 5 or even higher, there is always 
the danger that the quality of milk will be defective be-

cause silage with a high pH has a bad smell and taste. 

Vitamin losses in silage-making are much smaller than 
in haymaking. If the respiration and fermentation losses 
are slight as in AIV silage, carotene is almost completely 
retained, the losses being only 5 to 10 per cent during a 
storage of long duration. The greater the decomposition 
in silage, the greater are the carotene losses as well. 
Vitamin Cis also retained in the AIV silage to a consider
able extent. The vitamins of the B-group are also well 
retained; as far as is known, losses occur only in the 
drainage of effluent. Silage made from pre-dried grass 
contains less carotene than that made from fresh grass. 

The vitamin A potency of milk is maintained almost on 
the same level by feeding cows with good-quality as 
by pasture feeding. Feeding with hay and concentrates 
reduces the vitamin A potency of milk to only one-half to 
one-third of that of pasture milk. The longer the winter, 
the lower is the vitamin A potency of milk produced by 
hay feeding. Only the vitamin D content is higher in milk 
produced by hay feeding than in milk produced by silage. 

POSSIBILITIES FOR LABOrR SAVI.NG AKD MECHAKIZATIOK 

!); THE DIFFEREKT METHODS 

Haymaking on racks or fences cannot be mechanized. 
It will always demand plenty of man-labour. Consequent
ly this method is likely to be used less and to be replaced 
by silage making. 

Haymaking on the ground can be accomplished with 
moderate losses and can yield a good-quality hay only in 
districts where the weather remains uniformly dry through
out the haymaking. The work can then be mechanized to 

extent as has been shown in the Cnited 
use of hay tedders reduces the man-labour to a mini

mum. But when young grass, especially legumes, are 
concerned the method cannot be successfully applied. 
Frequent cutting during the growing season will likewise 
not be feasible, hence the principal aims of modern, inten
sive grassland farming cannot be realized by haymaking. 

Artificial drying, on the other hand, can be mechanized 
and reduces the man-labour to a minimum. The elevator 
mowing-machines (field choppers) now on the market 
have already eliminated man-labour in loading. With 
artificial drying it is also possible to cut grass at an 

as well as many times during the season. Costs 
uu1ut1a.:st: and use of equipment are, however, an obstacle 

adoption of the drier (see under "Drying" on 

Silage-making can be mechanized to a high degree. 
Curing of grass can be mechanized in the same way as in 
artificial drying. Fodder can be blown into silos and the 
conserving stuffs can simultaneously be admixed in water 
solutions. The requirements of man-labour are then very 
small. The automatic and half-automatic fodder sprayer 
developed by Y. Andersson in Sweden facilitates an even 
distribution of fodder in the silo. Silage obtained by a 
safe and efficient conservation method is of so high a 
quality and the storage losses are so low that with the im
provement in forage cultivation and increase in legume 
growing silage will come to occupy a central position in 
dairy husbandry. 

In order to illustrate the role of clover-rich silage (pH 
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3-1) in feeding, I should like to give a few examples from 
my own farm in Finland where for sixteen years no con
centrates or nitrogen fertilizers have been bought. The 
A,rrshire cow Hanhi gave in seven successive years an 
ayerage of 4,535 kg. of 4.74 per cent milk (215 kg. butter 
fat) per year. The best annual yield was 5,393 kg. milk 
and 252 kg. fat. The total silage consumption was about 
80,000 kg. of AIV silage in ten years, supplemented by a 
small allowance of hay, oats and potatoes. Calving was 
regular in September-October, and the main part of the 
milk yield was produced during indoor-feeding. In the 
control year 1947-1948, five of my 22 cows gave 216-243 
kg-. of fat and 4,500-5,300 kg. of milk per head. The 
feeding consisted of AIV silage, hay, oats, potatoes and 
straw. A cow which for three years (1930-1932) was fed 
entirely on AIV silage (42 kg. per day) and hay (2.5 kg. 
per day) and in summer on pasture, produced 4,005, 4,334 
and 3,933 kg. of milk respectively, per year, and 157, 176 
and 156 kg. of fat (Mr. Brotherus's farm in Finland). 

ECO~OMIC ASPECTS OF DIFFERENT CONSERVATION METHODS 

It is very difficult, and to some extent impossible, to 
compare the economic returns from the different conser
vation methods. This is because such considerations as the 
price and the supply of concentrates at different times 
affect the economic benefits that can be derived from a 
better method of conservation, by way of saving nutrients 
and obtaining a higher feeding value and a higher protein 
content in the fmal product as compared with the product 
of an inferior method. The chief difficulty is encountered, 
however, in comparing conservation methods in which the 
cutting dates of forage plants are different. For example, 
the making of hay from a legume-rich grass at a young 
stage is generally impossible in practice so that cutting is 
postponed until the start of flowering or often until full 
bloom. In silage-making the grass is cut 2 to 4 weeks 
earlier so as to obtain production of fodder of high-quality 
and more crops in the same season. In comparing the 
n•sults of haymaking and silage-making, it is necessary to 
estimate the real yield of nutrients and the nutritive value 
of the total grass crop both from an early first cut followed 
by several successive cuts during the same season, and 
from a first cut made at the usual haymaking time followed 
by a possible aftermath. The yields achieved by different 
cutting dates depend on the botanical composition of the 
crops, on the manuring of the soil and on the conditions of 
growth, especially on the rainfall. 

The cutting-time experiments arranged in Finland over 
s<:veral years proved that a first year clover-rich sward 
gave 10 to 20 per cent more feed units and 30 to 50 per 
C<~nt more digestible protein when the first cut was made 
e.trly and was followed by two aftermaths than when the 
first cut was made at the flowering stage and followed by 
oaly one aftermath. When the AIV method and hay
making are compared, the difference in yield is still more 
S".:>ectacular because the losses incurred in the two methods 
differ. The production value of the resultant AIV silage 
(feed units and protein per dry matter) is, moreover, much 
higher than that of hay. In making economic calculations, 
t ·w differences in the yields and in the quality of the fod
der must, of course, be considered. But account must also 
te taken of the somewhat increased costs of manuring 
caused by larger crops. 

Only one large-scale experiment is known to me in 
which the facts mentioned above were carefully considered 
in the economic calculations. Dr. Aikkinen has given a 
detailed report on an experiment conducted in Finland in 
1934. The experimental series comprised twenty-three 
separate experiments in different parts of the country on 
a total area of 50 hectares ( = 123.5 acres). 

The clover content of the swards averaged 45 per cent 
in the first cut. The results were as follows (Table 2): 

Table 2. 

Feed Dig. Dry Dry Dig. Cost of 
211ethod units protein matter matter protein pro-

(Per (Kg. per (Kg. per (Kg. per (Gram- duction 
hectare) hectare) hectare) feed unit) mes per (Finn-

feed unit) marks 
per 

feed unit) 

A a 3344 462 4882 1.46 138 0.94 
Bb 2739 324 5314 1.94 ll8 0.99 

a Method A: The first cut was made two to three weeks before 
the ordinary haymaking time, and the crop was ensiled as AIV 
fodder. In some experiments one, in others two, aftermaths were 
cut. These too were made into AIV silage. The average clover 
percentage in the first crop was 45. 

b Method B: The first cut was dried into hay on stakes at the 
usual haymaking time. The aftermath was made into AIV fodder. 

c In 1934 one Finnmark was equivalent to 0.02 U.S. dollars. 

The production costs of a feed unit also include the 
costs of cultivation. The costs of curing and storage were 
as follows: 

A .. 
B .. 

2'.1ethod 

Table 3. 

(Finnmarks per feed unit) 

Labour 

0.182 
0.163 

Acid solution Silo or barn 

0.186 0.050 
0.132 

The cost of labour in the AIV method has been reduced 
by half since 1934-35, when the experiment was made, 
owing to the improvement in the implements and methods 
of working. The labour requirement, which then was 5.9 
hours per ton of silage, is now two to three hours and only 
about one hour if the silage-making is mechanized. The 
price of the acid has also dropped to half since 1934. As 
the labour cost in haymaking in stakes has been only 
slightly reduced (through the use of rubber-wheeled carts 
which permit larger loads), the AIV method is even more 
advantageous in regard to labour and other costs than 
haymaking. Taking into account the increased output of 
nutrients per unit area and the great improvement in the 
production value of fodder, the AIV method means great 
progress economically. Indirectly it will also raise the 
whole level of farming by intensifying grassland manage
ment in general, and legume cultivation in particular. 

It may be roughly estimated that the prices per feed 
unit given in Table 2-0.94 Finnmarks (method A) and 
0.99 Finnmarks (method B)-would now be 0.74 and 0.95 
respectively, if it is assumed that the pecuniary value is 
the same and that the costs of cultivation are equal to 
those in 1934. Because of the rise in wages the difference 
would be somewhat greater still. By mechanization of 
silage-making the costs of the AIV method will be further 
decreased. 
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In other silage methods, involving additions of pre
servatives to the fodder, the costs are about the same as in 
the AIV method. The magnitude of the losses, safety of 
the conservation, and the effect of silage on the taste of 
milk are then the factors which are to be considered in the 
economic calculations. If preservatives are not used, the 
labour costs will be somewhat reduced (the saving is small, 
however, if the admixture of the preservatives in the fod
der is well arranged). Figure 4 shows, however, that great 
nutritive values are lost. 

Mechanical haymaking on the ground is evidently the 
least expensive method where climate allows its use. As 
has been pointed out, this procedure is feasible only on 
restricted areas of the earth's surface and will not provide 
any solution for intensive grassland farming with frequent 
cutting during a season. 

Artificial drying of forage is not now, at any rate, econo
mically feasible for the amounts necessary for feeding 
milk and meat cattle. The limitations of this method were 
elaborated in earlier paragraphs. 
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Storage of Agricultural Products 

L. GOVIN 1 

The subject as proposed prompts us to make a pre
liminary remark--that the title might be more explicit if 
worded as follows: "The storage of agricultural products, 
that is to say, storage equipment and the changes which 
it has brought about in farming, for example in the trans
ition from the cultivation of cereals to stock farming." 

We think it would be more useful to consider the 
equipment necessary for transition from the plant pro
duction stage to the utilization of the products on the 
farm itself by the livestock or in other words to study the 
equipment required on the farm for the processes of trans
ition from simple plant production to the raising and 
feeding of livestock. In most countries, agriculture 
has to meet very heavy demands. Farmers, in fact, are 
being asked to grow cereals and in particular wheat, yet 
at the same time they are required to produce meat and 
dairy products. Can these demands be reconciled? Fur
ther, the problem of production has to be solved in spite 
of a lack of labour, which means having recourse to the 
mechanization of agriculture. It has already been proved 
that mechanized farming, carried out intelligently, not 
only enables a considerable effort to be made in pro
duction as such with reduced labour, but also allows the 

1 Original text: French. 

raising on farm produce of very profitable livestock thus 
helping to solve the problem of the production of meat and 
dairy products already mentioned. Lastly, if mechaniza
tion requires light shelters to house all the machinery, 
on the other hand, it releases considerable space such as 
barns and sheds for storing straw which can then be used 
as cheap shelters for livestock of various kinds or as store
places for further fodder crops. It is certain that the 
harvester-thresher and high density presses reduce by 
one-half the space necessary for the storage of straw and 
fodder, previously kept in bulk or in unpressed bundles. 

We will now consider what installations are necessarv 
for the improvement of these conditions and to facilitat~e 
the raising of livestock. 

CEREALS 

The conservation of grain (wheat or secondary cereals) 
on a farm is a problem. It has usually been solved by the 
classic granary consisting of a solid floor of reinforced 
concrete surmounted by a ventilated shed and free from 
rodents. Such a building is costly as it takes up a great 
deal of space and entails upkeep costs. Endeavours have 
been made to store grain in silos in order to reduce con
struction and upkeep costs. The silos used are either the 
usual type with mechanical elevators which ensure a cer-
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tain amount of ventilation for the grain, or the type which 
1s ventilated by pumping air into the grain in the silo, or 
the strictly airtight type, the production of carbonic gas 
caused by incipient fermentation bringing the life of the 
grain in the silo to a standstill. 2 In the absence of in
stallations of this type farmers have used huts 1 metre by 
1.20 metre i~ height with a pneumatic mechanism. Fur
thermore, these installations become necessary, with the 
development of mechanization and the use of harvester
threshers, if the grain is to have the correct humidity rate 
which it is far from having when harvested, particularly 
in a wet year. 

FODDER 

In all areas where stock-raising predominates, the har
vesting of fodder is of primary importance and depends 
closely on atmospheric conditions. It is logical, therefore, 
that practical methods have been sought for saving the 
maximum harvest which it would have been impossible to 
gather as dry fodder. 

Drying fodder by ventilation 

This method has not yet been developed in France, 
doubtless because of the high cost of electric power and 
difficulties encountered in meeting the constantly growing 
demand for power. 

Ensilage 

On the other hand, ensilage is a method of conserving 
green fodder crops which has made considerable progress 
during the past ten years. Although the method has 
some drawbacks it has, on the other hand, undeniable 
advantages since not only does it protect harvests from 
loss but it provides a rich nutrient for livestock the good 
effect of which on lactation is indisputable. 

1. Tower silo. This is generally constructed of rein
forced concrete or sheet steel. It has the drawback of 
being expensive, but with this type an excellent ensilage 
known as "sweet silage" is obtained, resulting from 
alcoholic fermentation and the releasing of carbonic acid 
gas. The need for using an ensiler equipped with a motor 
of from 8 to 10 hp. has been an obstacle to its development 
except on farms needing an ensilage capacity of about 200 
cub. metres. 

2. Vat silo. In France, where farms are comparatively 
small, its development has been rapid, generally in the 
form of batteries of three or four units. The types have 
been standardized at 10, 14, 25 cub. metres corresponding 
to vats of 2.5, 3, 4 metres in diameter. The models are 
either cast on the spot or prefabricated in moulded units 
which the agriculturist can put together with the help of a 
rural craftsman. The advantage of this type lies in the 
breaking up of bulk, in the great silage facilities (without 
machinery); only the emptying is difficult. This ensilage 
is "acid silage" owing to the introduction of a formic acid 
solution which lowers the pH in order to help the begin
ning of the lactic fermentation. The temperature is lower 
than in "sweet silage" which prevents the destruction of 

2 See "Les essais de conservation du bli en atmosphere confinee" by 
A. Blanc, Director-General of Rural Engineering, summary record 
of the meeting held at the Acadt!mie d'agriculture de France, on 
8 June 1948. 

certain carbohydrates and the degradation of albumi
noids. 

3. Trench silo. The price of a cub. metre of fodder silo is 
still high (about 4,000 francs the cub. metre), consequently 
in recent years numerous cultivators have returned to 
makeshift silos of the following type: a silo in the form of a 
midden-pit with one or two sloping sides and several 
metres wide; the fodder is thrown in and packed down by 
the passage of loaded vehicles and tractors. When finished 
it is covered with earth. This process is favoured to a 
certain extent on mechanized farms where it is intended 
to raise livestock in considerable numbers. The silo is 
often made with a mechanical shovel which is shared 
with other farms. The sides of the silo can be lined with a 
brick wall or be of earth, their height not exceeding 1.50 
metre. The success of the ensilage is due to the excellent 
packing of the fodder done by the heavy vehicles used 
(tractors and trailers). The installation expenses are very 
small. There is no need for special machinery for this 
form of ensilage--ordinary farm implements are used. It 
should be noted that on small farms narrower ditches 
divided into compartments by transversal wooden par
titions are used. A mobile hatch permits the complete 
filling up of the silo. 

SPUDDED PLANTS 

Potatoes 

Potatoes were usually preserved in cellars or storehouses 
which were well insulated so as to protect them from 
freezing. Their consumption by the animals generally 
required cooking, which made daily demands on labour 
which unfortunately has become increasingly rare. For 
several years, therefore, the tendency has been to use 
cooked potatoes. 

The farmer takes advantage of a day or two when not 
too hard pressed by work after the sorting of the tubers to 
cook the potatoes intended for cattle in steam cookers 
which are used co-operatively or which belong to a specia
list who works with other vegetables (for example beets). 

It is certain that lack of material is an obstacle to the 
development of this method. The contents of the pans are 
after a certain amount of cooling (to approximately 50 
degrees C.), poured into temporary or permanent silos. The 
latter are trenches approximately 1.5 metres in depth and 
lined with cement or masonry in which the cooked po
tatoes are packed and covered with a thin layer of earth. 
After a few months, the product is ready for direct con
sumption by the hogs. Temporary silos have walls of 
earth, but wooden planks or layers of tar paper are usually 
placed between the ground and the product to be stored. 

Roots 

Beets are still stored in numerous makeshift silos made 
of clay, and the user keeps available (in a cellar or store
house) a reserve amounting to a few weeks' consumption. 
To a certain extent the sugar-beet, is favour•d since it 
offers a distinct advantage over forage beets for, in ad
dition to the industrial by-products resulting from their 
cultivation, they furnish the leaves and root tops which, 
after ensilage,mixed with the pulp, are used for cattle feed. 
The pulp, or the mixture of pulp and tops, is stored in a 
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brick silo which is a ditch of about 1.5 metres in depth and 
several metres wide lined with masonry and provided with 
a system for running off the juice. The form of the silo 
must be such that it may be packed completely full. For 
this purpose the silo is provisionally lined with a layer of 
straw which makes it possible, after settlement, to utilize 
the entire volume of the silo. The addition of formic acid, 
lowering the pH of the ensiled mass, makes it possible to 
increase the proportion of lactic and acetic acids and 
to decrease the proportion of butyric acid. 

In conclusion, the use of agricultural products on the 
farm for feeding cattle raises problems of storing which 
are easily solved by means of simple installations, such as 
storage compartments for grain, bulk storage for dry fod
der, bricked silos which can be built by the user, and 
temporary silos for green fodder, cooked potatoes and 
beet pulp. 

STOREHOUSE EQt:IPMENT 

If the storehouse installations to be built are quite 
simple, it is necessary to have available storage facilities 
suitable for the cultivating and harvesting equipment, 
and designed to reduce labour expenses as much as pos
sible. 

Grains 

Grains are stored in sacks or in bulk; the latter is prefer
able if mechanical power is used, and especially the 
harvester-thresher. For storage in sacks, the equipment 
which is the most necessary is doubtless the sack elevator, 
of which the motor and lifting apparatus constitute a 
monobloc, and with a fixed overhead rail. The apparatus 
makes possible vertical and horizontal shifting. The stack
ing elevator makes possible a large output (of approxi
mately 300 sacks an hour). In addition, it has the ad
vantage of needing no fixed installation and of being 
usable for various purposes (handling bales of hay or 
straw, fruits, potatoes, etc.). 

For storage in bulk, the pneumatic conveyor in mobile 
units is doubtless the most practical equipment. Its only 
disadvantage lies in the high power which pneumatic 
storage requires. The standard model equipped with a 
motor of from 8 to 10 h.p. makes possible an output of 
from 35 to 50 quintals per hour. It is still too large for 
small farms (less than 50 hectares). 

Storage of fodder 

There has been little progress on the farm in fodder
storage during the last fifteen years. Progress has been 
mostly in harvesting machinery. Dry fodder is unloaded 
on the farm by means of the following machines: the 
standard elevator or the discharger with hooks or crane 
which can lift the weight of a cart. Pneum(\tic storage is 
quite rare, on account of the power which it requires (8 to 
12 h.p.). As for ensiling, it is done in round silos by means 
of the standard ensilage cutter which chops up and fur
nishes pneumatic conveyance of the fodder, or more rarely 
by means of a simple hook, when the ensilage does not 
need to be chopped up (natural meadow fodder). The 
handling of potatoes, beets and pulps requires, in certain 
cases, large machinery which is used for various purposes 
and co-operatively. Cranes or self-propelling mechanical 
shovels are used in the storage of beets, pulps, calcareous 
fertilizers, night-soils and manure. This equipment has 
passed directly from industry to agriculture by a simple 
alteration of the grab. In certain cases, the machinery 
may be used to dig holes for the planting of trees. It is 
also used for the maintenance of trenches and for cleaning 
out streams. The most powerful machinery, which is used 
co-operatively, has an output of approximately 150 tons 
per day. Other smaller machines are used on small farms. 
It is to be noted that certain types of tractors have been 
studied for the operation of mobile jibs capable of solving 
some of these problems. But these machines are operated 
only out-of-doors. Inside the barns, for the service of silos 
or to feed the machinery intended for the preparation of 
the feed, horizontal belts or elevators with buckets are 
used for the conveyance of beets and such products. 

The transportation of the crop to the stock farm de
mands the existence of one or more special places for use 
as preparation rooms for the cattle feed: the kitchen for 
the pigs and the mixing-room for the stable or sheep fold. 
Their equipment depends upon the products used for 
feed. In any case, one often finds there the chaff-cutter, 
the grain mill, cake crusher, the combination scraper and 
root slicer etc. The transportation of feed to the places 
where the animals are kept has developed very little in the 
past twenty years. The little car on rails is outmoded. 
The bucket on an overhead rail tempts many farmers, but 
it is expensive and requires a certain upkeep. The ten
dency is toward the small car with tyres and with inter
changeable, and possibly, tip buckets. 

Storage of Wheat in Underground Silosl 

ARGENTINE MINISTRY OF NATIONAL ECONOMY 

NATIONAL COMMISSION FOR CEREALS AND GRAIN ELEVATORS 

The deterioration of the industrial and bread-making 
quality o,wheat as a result of bad storage may be at
tributed to a number of different factors acting on grain 
stored under inadequate conditions, which affect its quali-

1 Original text: Spanish. 

ty sometimes to the extent of making it unfit for human 
consumption. Faulty storage increases exposure to the 
attacks of various insects and to the action of other fac
tors of a chemico-biological nature which cause enormous 
losses through damage often reflected in a material falling
off in the industrial and bread-making quality of the grain. 
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Average Values of the Industrial and Bread-Making Quality of Wheat Stored in the Underground Silos Units 

Harvests: 1942-1943 1943-1944 

No. No. of 
(I) silos 

Unit Total 
tonnage 

Weight Moisture Protein Gluten (3) 
content content 

Maltose 
figure 

Em
bender 
farina
graph 

2 

3 

4 

5 

6 

7 

8 

9 

the Damp Dry 
(2) Chopin Alveograph 

Water Tenacity Extensi-
ab- P. bility 

sorption G. 
(4) 

Defor
mation 
w. (5) 

Baking Test 

Weight Volume 
bread of bread 

(6) of bread 
(6) 

-----------------------------------------------·--·---

51 Qucquen 

67 A. Maria 

58 Isla Verde 

95 Oncativo 

124 Sacanta 

128 Las Rosas 

150 M. Juarez 

Tons kg. 

28,018.062 
27,980.181 

38,542.342 
38,441.052 

77.58 
76.92 
78.76 

78.46 

Filling 
Emptying 
Filling 
Emptying 
Filling 
Emptying 

33,640.415 78.36 
33,438.892 

Filling 56,667.676 

Emptying 56,390.720 
Filling 72,124.184 
Emptying 71,599.659 
Filling 73,363.647 
Emptying 72,956.601 
Filling 88,841.438 
Emptying 88,404.050 

123 C. De Gomez Filling 71,894.717 

77.05 
80.21 
79.68 
80.00 
79.00 
80.06 
79.56 
78.52 
78.02 

78.66 
Emptymg 71,670.510 78.73 

50 Los Surgentcs Filling 28,824.024 77.98 
Emptying 28,676.680 76.56 

846 Promedios Filling 491,916.505 79.10 
Ponderados Emptying 489,558.345 78.50 

per cent per cent per per 
cent cent 

13 0 12.3 30.7 10.8 
13.1 12.2 3l.l 10.6 

12.7 11.9 30.1 10.5 
12.7 11.7 30.0 10.0 
12.5 ll.O 26.4 9.4 
12.9 10.8 26.4 9.0 
12.8 11.0 26.2 9.2 
12.7 1l.l 26.0 8.9 
11.9 10.8 24.5 8.8 
12.4 10.7 24.7 8.5 
12.7 10.7 24.5 8.6 
12.6 10.4 24.9 8.6 
12.6 10.6 24.6 8.8 
12.8 10.5 24.5 8.6 
12.7 10.5 24.5 8. 7 
12.11 10.5 24.8 8.11 
ll. 7 10.5 23.4 8.11 
12.5 10.4 23.9 8.3 

12.5 

12.7 
10.9 
10.8 

25.6 
25.7 

9.1 

8.9 

Arranged in order of the protein content shown by analysis on entering the silo. 
X 5.7 for clean wheat and 13.5 per cent humidity). 
the basis of 13.5 per cent humidity in the flour). 

per cent per cent mm. grs, 

1.39 
1.31 
1.47 
1.67 
l.Ol 
1.15 

1.09 
1.14 

0.98 
0.96 
1.05 
1.03 
1.05 
1.09 
1.09 
1.14 
1.09 
0.94 

l.l 
1.13 

63.2 

61.5 
60.9 
61.5 
59.3 
59.5 
60.5 
61.2 
60.3 
60.0 
59.6 
60.0 
59.1 
59.7 
59.2 
59.7 
58.4 
58.0 

59.9 
60.1 

81 

98 
58 
80 
73 
91 

83 
IIO 
96 

Ill 
86 

104 
87 

107 
78 

100 
94 

110 

83 
103 

20.4 
19.8 

21.6 
19.9 
18.5 
17.8 
17.2 
15.8 
16.0 
15.3 
17.3 
16.0 
17.4 
16.5 
18.1 

16.7 
16.8 
16.1 

17.9 
16.8 

206 
251 
145 

190 
149 
181 
154 

192 
164 
186 
162 
184 
165 
200 
157 
188 
177 
198 

162 

194 

127.3 
128.1 
126.4 
127.0 
127.2 
128.3 
127.4 

130.1 
129.3 
130.9 
128.2 
129.a 
128.1 

129.9 
127.1 
129.3 
128.8 

129.7 

127.9 
129.4 

(\Vith 13.5 per cent humidity in the flour). 
(103 ergs.). 
(100 gr<Lmmes of flour). 

cc. 

530 
485 
550 
530 
480 
450 

475 
455 

415 
395 

455 
425 
440 
425 

475 
445 
415 
385 

465 
440 

4.16 
3.79 
4.37 
4.19 

3.75 
3.50 
3.74 

3.49 
3.22 

3.03 
3.56 
3.29 
3.44 
3.28 

3.76 
3.45 
3.23 

2.97 

3.63 
3.39 

White- Texture 
ness of of 
crumb crumb 

97.5 100.0 
96.5 98.5 

97.0 100.0 
97.0 100.0 
96.5 97.5 

96.0 96.5 
96.5 97.0 
96.0 96.5 

95.0 95 5 
94.5 94.1\ 

96.0 96.5 
94.5 95.5 
96.0 96.0 
95.0 95.5 
96.5 97.5 
96.0 96.5 

95.5 95.5 
94.0 94.0 

96.0 97.0 
955 96.0 
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UNSCCUR PROCEEDINGS: LAND RESOURCES 

Owing to the war, the Argentine Republic, which is 
primarily an exporting country, found its economy faced 
with the serious problem of the almost complete stoppage 
of shipments, with a consequent accumulation of stocks 
which had no outlet to the usual foreign markets and 
·choked the warehouses in ports, railway stations etc. 

After satisfaction of the needs of internal consumption 
and of the reduced exports of that period-mainly to the 
neighbouring countries-much of the wheat >vas used as 
fuel, and the large quantities remaining, which in most 
cases were precariously stored, lay at the mercy of ro
dents, weevils, grain-moths etc. and also of atmospheric 
conditions, and suffered the consequences of inadequate 
conservation. Many stocks were lost, having been found 
to be completely spoiled. 

In the face of such a problem, which could only be 
solved by the return of normal export conditions at some 
problematical future date, the State was led to envisage 
the storage of surpluses in conditions adequate for their 
eventual utilization. 

To this end the Service of Grain Disinfestation and Con
servation was set up in 1941 under the Department of 
Agriculture, and after much research and many experi
ments by the experts of this group, with the collaboration 
of the National Commission for Cereals and Grain Eleva
tors, storage in airtight underground silos was finally ad
vocated, in view of the favourable results obtained. 

The Ministry of Agriculture approved a scheme for 
building underground silos with cement floors in the farm
ing belt of the country for storing up to I million tons of 
wheat belonging to the State. Building began at once, in 
the form of nine units, situated at Las Rosas, Sacanta, 
Canada de Gomez, Marcos Juarez, Oncativo, Isla Verde, 
Adelia Maria, Los Surgenies and Quequen. 1,4 7 4 silos 
were built, each with a capacity of approximately 600 
tons; of these 1,187 were filled, and contained 700,000tons 
of wheat. 

A representative sample of the grain in each silo was 
taken at the time of filling and analysed in the laboratories 
of the National Commission for Cereals and Grain Eleva
tors. The Division of Commercial Quality and the Divi
sion of Industrial Quality each issued reports on the com
mercial, industrial and bread-making qualities of more 
than 800 representative samples of the stored commodity. 

After a long period of storage, varying between H and 
36 months, the silos were emptied in order to dispose of 
the stored merchandise. Further samples were taken at 
this stage and analysed in the same way as at the time of 
filling. 

The appended table makes it possible to compare the 
results obtained at the time of filling and at the time of 
emptying approximately half a million tons of wheat, and 
the figures of the analysis for industrial quality justify the 
assertion that the grain was preserved in perfect condition. 

The index figures for protein content, gluten and mal
tose in the wheat at the time of storing are maintained 
with slight variations throughout the long period of 
.storage, and in some cases, indeed, without any variation. 
In none of the analyses carried out are any significant 

differences to be found which might indicate an important 
deterioration in the quality of the grain stored. 

Flour made from the grain stored in silos has shown 
satisfactory properties. On comparing the plastic quali
ties of the doughs, there is found to be an increase in the 
index of tenacity and a decrease in the index of extensi
bility for the grain taken from the silos, with a consequent 
increase in the figure of general strength, W, as recorded 
by the Chopin alveogntph. Such variations are normal for 
wheat that has been stored for long periods. 

Panification tests on flours from grain obtained at the 
filling and the emptying of the silos gave bread with simi
lar weight and volume characteristics and with normal 
taste and odour indices in each case. This is especially 
noteworthy as these factors decline appreciably when the 
industrial quality of grain is affected. 

It should be remarked that in some cases the grain 
stored showed, at the time of storage, defects which 
caused it to be classified as below standard, its properties 
having been affected by previous storage in granaries and 
barns. This was the case particularly for grain derived 
from the 1942-1943 harvest. 

Furthermore, it should be pointed out that the quality 
of the wheat analysed, which gave an average protein 
content slightly less than 11 per cent was below normal, 
the average for this factor being around 12.3 per cent in 
the Rosafe and Buenos Aires trade areas and 13 per cent 
in the Bahia Blanca area. 

The results shovrn should thus be considered from a 
comparative standpoint in the light of the samples ana
lysed. 

The good results from the point of view of the main
tenance of industrial and bread-making quality, obtained 
by storing wheat in underground silos have been fully 
demonstrated, as was foreseen when the tests were carried 
out. This is borne out by the opinions communicated by 
individual purchasers to the National Commission for 
Cereals and Grain Elevators in reply to an enquiry con
ducted among the industrial establishments using wheat 
from the various underground silo units. 

Briefly, the milling experts who were consulted agreed 
that, from the point of view of commercial quality, wheat 
stored in underground silos was notably superior to that 
derived from any other storage system known today. 

With regard to industrial quality, it is evident from the 
replies received that none of the mills consulted had pro
cessing difficulties attributable to the system of storage; 
on the contrary, in many cases they stressed the high 
quality of the merchandise. 

Underground silos with cement floors have enabled this 
country to keep in a state fit for human consumption, and 
for a long period, a large part of its surplus at times of un
usual stock accumulation, which would have been lost if it 
had been exposed to the attacks of insects and micro
organisms which subsequently affect the quality of the 
milled products. 

It is, therefore, impossible to over-emphasize the enor
mous importance of being able to count at any time on an 
efficient system of grain storage. 
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Preservation of Perishable Foods 

L. B. HOWARD 

ABSTRACT 

All foods may be considered perishable since they are susceptible to damage by insects, rodents, micro-organisms, 
chemical change, mechanical injury or other environmental factors. 

The principal methods of preservation involve the use of barriers, chemicals, reduced moisture content, low temper
atures or some combination of methods. Barriers of tin, glass and plastics are used in preservation by canning. Chemi
cals have found some use as preservatives by destroying the invading organisms or retarding their reproduction and by 
counteracting undesired chemical changes. Reduced moisture content lowers susceptibility to attack by micro-organ
isms and larger forms of life and reduces the rate of some chemical reactions. Low temperatures are effective by stopping 
microbiological growth and greatly retarding deterioration of a chemical nature. 

New developments in preservation and aspects where further research is indicated have been discussed. 

In considering the preservation of perishable foods, it 
may be appropriate to ask the question, "What is a 
perishable food?". In a general sense all foods in their 
natural form are perishable since they are subject to a 
variety of factors which may bring about deterioration. 
For example, all foods are subject to damage from one or 
more of the following: 

1. Micro-organisms. 
2. Insects. 
3. Rodents. 
4. Oxidation. 
5. Light. 
6. Contamination by dust. 
7. Fume or odour. 
8. Desiccation. 
9. Mechanical damage. 

10. Fire or heat damage. 
11. Moisture. 
Any one of these or a combination may bring about a 

Joss of quality or complete destruction of the food. Cer
tain foods are more stable than others, but even in the 
case of such relatively stable foods as the cereal grains a 
reduction in stability may result from processing into 
more convenient or palatable forms. In many countries 
of the world up to 80 per cent of all the foods consumed 
are subjected to processing so that the problem of pre
servation of processed foods is very important indeed. 

The preservation of foods was an important problem 
even in pre-agriculture days when the early people of this 
earth were faced with seasonal and geographical problems 
of food supply, which resulted in periods of glut and fa
mine. Since these people were primarily fishers and hun
ters of game, nuts and berries, their food supply was 
plentiful during only a limited season of the year, and it 
was necessary for them either to preserve some of these 
[oods for later use or to do without them. Similarly if 
they ranged beyond the natural area of supply of these 
[oods, they ran into a geographical problem which could 
:>e solved only by some means of preservation. 

The problem is even greater in modern times because of 
the very much greater world population, making it wholly 
,mpossible to meet the food requirements of man from 
wild sources. Modern man must depend upon the culti
vated crops which are grown in areas where the soil and 
::limate are most satisfactory. This, of course, exaggerates 

both the seasonal problem and the geographic problem. 
:Man's gregarious instincts have led him to locate in cities 
and towns, resulting in very high population densities 
generally some distance from the areas of food production. 
Moreover, modern man is accustomed to a more nutritive 
and varied diet than was demanded by early man. This 
means a \\ider variety of fruits and vegetables, both of 
which are generally available in fresh form only during a 
short season and which in this form are quite perishable. 

Intensified cultivation, centralized storage, and high 
population densities have been accompanied by increased 
rodent and insect problems in food preservation. It has 
been estimated that rats destroy food worth $200 million 
each year in the United States alone. Even at present 
high costs this represents a large amount of food, and it is 
reasonable to assume that the losses are even greater in 
certain other countries where the rat population is less 
effectively controlled. Fortunately, the recent discovery 
of the remarkable effectiveness of such compounds as 
alpha-naphthylthiourea and sodium fluoroacetate in con-
trolling rats offers real promise in preserving foods from 
rodent damage. 

Food losses due to insect damage are known to be enor
mous and in the case of stored grains are estimated at 
$350 million a year in the United States. World losses in 
processed and packaged cereals, legumes, dried fruits, 
cheese, and many other food products from this factor 
must involve an astounding tonnage of food. Progress in 
preservation of such products is being made largely 
through education in the principles of good housekeeping 
in processing plants, storage houses and distribution out
lets. Other approaches include fumigation with hydrogen 
cyanide, methyl bromide and ethylene oxide-carbon dio
xide mixtures and the use of heat. Some foodstuffs can be 
disinfested effectively by application of strong centrifugal 
force with machines especially designed for this purpose. 
Ultrasonic radiation has been suggested, and radio waves 
have been used effectively on an experimental basis, the 
latter being adaptable especially to packaged cereal pro
ducts which can be disinfested without affecting the in
tegrity of the package. 

Although inflammability of a food product may not 
ordinarily be considered an element of perishability, it is 
significant in the broad field of conservation because of 
the magnitude of losses from fire. Data on fire damage to 
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foods are scattered and difficult to obtain, but the loss of 
grain alone amounts to about 10 million bushels a year in 
the United States. Such fires have often followed dust ex
plosions or spontaneous combustion-the sometimes ter
minal result of the much more common phenomenon of 
spontaneous heating. 

Damage by heating is a type of perishability which has 
been encountered on the farm and by industries that have 
the problem of storing large quantities of bulk food pro
ducts in warehouses or storage piles. Heating to the point 
of carbonization has been observed in the storage of cot
tonseed, soybeans, and corn held at too high a moisture 
level. Heating of this type is believed to be induced by 
the action of micro-organisms, especially moulds, which 
raise the temperature of the pile of stored food material to 
a level such that more intense heating can then proceed by 
chemical action. Prevention of this type of damage is ac
complished by reduction of the moisture content through 
dehydration by adequate ventilation, or more recently by 
the application of certain chemicals which inhibit the 
action. Large piles of sugar-beets stored at sugar mills 
undergo heating accompanied by losses of sugar which 
may amount to hundreds of tons in a single pile. Reduc
tion of the loss is accomplished by artificial ventilation of 
the piles and by application of whitewash to the surface 
of the piles to prevent absorption of solar heat. 

More naturally we think of food preservation in terms 
of the classical procedures of canning, drying, pickling and 
freezing, and indeed the era of modern food preservation 
appropriately may be dated from the year 1809 when 
Appert's invention of canning was recognized. In modern 
times we set down as objectives in the preservation of food 
the retention of the natural characteristics of flavour, 
colour, texture, nutritive value, and general wholesome
nes" of the original products. Of course, there are certain 
other factors which cannot be disassoci:1ted from these, 
such as economy of processing, convenience of use of the 
finished product and conservation of valuable foodstuffs. 
In the achievement of these objectives our current 
methods of preservation employ barriers for protection 
against insects, rodents, micro-organisms, oxygen, odours, 
light and moisture. 

The principle of barriers is used in the process of 
canning, which derived its name from the employment of 
metal cans following Appert's invention but includes also 
other types of hermetically sealed containers. Glass has 
been used extensively, and more recently several new 
types of plastic materials have been adopted for special
ized purposes. Either a metal-type or glass-type barrier as 
used in the canning process is very effective against many 
types of food spoilage. However, it does not preclude 
certain types of chemical reaction which slowly bring 
about a degradation of the food product. Moreover, the 
packaging of food in this type of container is somewhat 
costly, but the principal objection is that no practical 
method has yet been devised for sterilizing the food after 
it has been sealed in the container except by the appli
cation of heat. This is a major problem because it is ne
cessary to heat the entire contents of the can to a suf
ficiently high temperature for a long enough time to kill 
essentially all micro-organisms present in the foodstuffs 
without overcooking the product. With large containers 

or with products which do not circulate freely by convec
tion during the process of heating, it may be necessary to 
heat the material for so long a time that off-flavours or 
undesirable changes in colour and texture develop in the 
product. 

Extensive research has been carried on to overcome 
some of these problems of heat sterilization. This has in
cluded developing mathematical procedures to calculate 
the required processing times for different sizes and shapes 
of cans, devising means for agitating the contents, and 
more recently attempting to find other methods for sterili
zing the food. In the case of glass containers, it may be 
possible to use dielectric heating which by uniformly 
heating the entire food mass would shorten materially the 
required time of treatment. Experimentally, radiation of 
sufficiently short wave length to penetrate the metal con
tainer has been tried. Probably a more promising method 
is that of aseptic canning, which involves principally 
problems in engineering equipment to sterilize the food 
material, to convey this sterilized product to a sterile can, 
and to seal the can hermetically without contamination by 
foreign micro-organisms. This procedure has met with 
preliminary success in the case of fluid products, which 
can be pumped readily through small tubes to accomplish 
high temperature short-time sterilization. Further de
velopment of this type of canning should make possible 
the preservation of heat-sensitive foods which cannot be 
satisfactorily preserved by conventional canning and the 
improvement in quality of most canned products. 

Modern engineering has effected many economies in the 
canning process by devising machines to manufacture cans 
both rapidly and uniformly and by developing methods 
whereby thinner coats of tin may be used. Important 
progress has been made in the development of lacquers 
for coating the tin to seal minute pin holes and to prevent 
undesired reducing action or etching of the tin by acid 
foods. Exploratory work has been carried out with alu
minum cans, and further progress is anticipated with this 
type and other types of metal or plastic containers. 

Employment of chemical preservatives has found a 
place in many different countries, some more extensively 
than others, but always there is the possibility of toxicity 
to humans from these chemicals. Moreover, in most cases 
effective concentrations cause undesirable flavours in 
food. Most commonly used as chemical preservatives are 
benzoates, propionates, formates and sulphur dioxide. It 
would seem likely that much further development can be 
made in this field, particularly by the employment of 
antibiotic materials. It may well be that presently known 
antibiotics will not find use as food preservatives, but 
with the tremendous development taking place in this 
field new antibiotics will undoubtedly be found which will 
be effective against the micro-organisms that invade food 
materials. If such be the case, it seems probable that they 
can be used in such low concentration as to cause no un
desirable flavours. It will, of course, be necessary to prove 
through toxicological studies that continuous use of foods 
so preserved will have no ill effects upon the health of 
human beings. 

Freezing preservation has been applied to a wide variety 
of food products but probably finds its best application at 
the present time in the preservation of meats, fruits and 
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Vi'getables. In freezing preservation no attempt is made 
tc• kill the micro-organisms which are present in the food, 
but their reproduction is stopped by maintaining the pro
duct at a temperature of 0 degrees F. or lower. Although 
many types of spoilage organisms are not killed at temper
atures of 0 degrees F. or below, there are none which are 
known to continue their reproduction at such levels; how
ever, some are known to reproduce slowly at temperatures 
slightly above 15 degrees F. Because the cooking ne
cessary for sterilization in canned products is avoided, 
some foods are preserved with superior quality by freezing. 

There are still numerous technical problems to be solved 
in connexion with this method of food preservation, 
among which may be included the freezing of pork meat 
products without development of rancidity during storage 
and the freezing of other smoked and seasoned meat pre
p;trations without loss or change in flavour. Accomplish
ment of freezing without tissue damage and consequent 
unwelcome texture changes in fruits and vegetables and 
without breakdown of colloidal suspensions as in the case 
of milk, remains for final achievement by future investi
gators. They must consider the basic problems of heat 
transfer through vegetable tissue, the influence of rate of 
freezing upon the crystal size of the ice formed, the effect 
of fluctuating temperatures in storage and the tempera
ture level at which product quality can be maintained 
most economically. 

The most common method of freezing involves a cold 
air blast or compression of the product between cold 
plates. Freezing in still air is not considered so satis
factory because the rate of freezing is much slower and the 
quality of the product generally less satisfactory. In the 
case of liquid products freezing may be accomplished quite 
quickly by passing the product over cold rotating cylin
ders, producing first a partially frozen slush which sub
sequently can be hardened in cold rooms. Some types of 
products, such as fruit juice concentrates, have been 
sealed in tin cans and then frozen by immersion in a liquid 
freezing bath, and some experimentation has been carried 
out in direct immersion of vegetable products in liquid 
nitrous oxide. This latter procedure should result in very 
rapid removal of heat and, from that standpoint, high 
quality of finished product. Other problems, however, 
such as the need for specialized and costly equipment and 
complete recovery of the nitrous oxide, are important and 
await final solution before an economical commercial pro
cess results. 

It must be borne in mind that while freezing prevents 
the reproduction of micro-organisms it does not preclude 
the continuation of chemical changes although these are 
much retarded by the low temperature. Nevertheless, 
some of them may become troublesome in the process of 
defrosting before use. Frozen peaches, apples and similar 
products which have not been heated or otherwise treated 
to inactivate the phenolase type enzymes will most cer
tainly discolour during thawing especially in the large 
(30-lb.) commercial packs. Moreover, even though the 
original enzymes have been inactivated, if microbiological 
action is permitted to take place to any appreciable ex
tent, new enzymes are most certain to be generated. Even 
small amounts of such enzymes may be responsible for the 
development of undesirable flavours. 
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In spite of these technical problems for which solutions 
will ultimately be found, probably the major impediment 
to world-wide adoption of freezing preservation is econo
mic since the necessary refrigeration equipment for initial 
freezing and the refrigerated warehouses and transpor
tation units are heavy and costly. In a country well
provided with electrical energy and extensively mecha
nized, preservation by freezing unquestionably will 
undergo rapid expansion and assume its place as a major 
method of food preservation. 

The preservation of foods either by canning or by 
freezing is a bulky process and involves the handling of 
large volumes of foodstuffs and requires large amounts of 
container and packaging materials, extensive storage 
facilities and, in.the case of movement of these foods from 
one area to another, a large amount of transportation 
facilities. Since many of our foodstu:fs are largely water 
in their original form, desiccation offers certain advan
tages from the standpoint of conservation of container 
material, of storage space and of transportation facility. 
Desiccation as a means of preservation may be accom
plished either by sun drying as employed for some fruits 
and fish or by the application Gi artificial heat which pro
cedure is ordinarily referred to as dehydration. 

Although drying was employed by primitive man as one 
of his important means of food preservation, it has not 
enjoyed the same place in modern times in competition 
with canning or freezing. However, under wartime cir
cumstances when there was a premium on shipping space 
and container materials, the technique of dehydration 
was very greatly developed and shown to offer consider
able promise in the preservation of certain types of food
stuffs. In the instance of many fruit and vegetable ma
terials which may contain from 65 to 95 per cent water, 
there is opportunity for a very notable conservation of 
both packaging materials and storage and shipping space. 
~1oreover, such foods are better preserved in dehydrated 
form if they must withstand storage at high temperatures. 

Much has been learned about dehydration during the 
past two decades, but with some foods dehydration still 
seems to offer little opportunity of producing a product 
which is both convenient and highly palatable. Neverthe
less it is employed today in the production of many mil
lions of pounds of such products as dried milk, dried eggs, 
dried yeast and a substantial amount of fruits and vege
tables. In accomplishing dehydration several different 
techniques have been employed including those of drying 
the pieces of material in a blast of air of controlled temper
ature and humidity, of vacuum drying, of spray drying by 
atomizing liquid products into a large chamber through 
which heated air is passed, of drying liquids on heated 
rotating drums either at normal or reduced pressure, and 
of drying from the frozen state which so far has been 
practised experimentally with certain types of liquid 
products. 

Much engineering development is yet required as well as 
fundamental studies on problems of heat transfer and 
moisture diffusion through vegetable materials. Im
portant information has been developed concerning the 
conditions best suited to the storage of dehydrated 
products, and in general it has been shown that products 
reduced to extremely low moisture levels best retain their 
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quality over long storage periods, especially if the product 
is to be exposed to moderately high temperatures. Main
taining dehydrated products at low moisture levels re
quires moisture-resistant barriers; so such products must 
be packaged either in hermetically sealed tin or glass con
tainers or in plastic or other types of packaging material 
resistant to the penetration by moisture. However, be
cause of the reduced volume of dehydrated products the 
packaging problem is simplified and the cost of container 
material substantially less than for the equivalent amount 
of canned food. 

Experiments on the compression of dehydrated fruits 
and vegetables, milk powder, and dried egg powder have 
shown that still greater economies can be obtained in space 
and container material by this procedure. 

Recently a new method of preserving fruit and vege
table materials has been proposed, which combines the 
advantages of dehydration and of freezing and at the 
same time eliminates some of the disadvantages of both 
of these processes. This development, still in the research 
phase, has been called dehydrofreezing, which name is 
descriptive of the combination of dehydration and freezing 
employed in the process. In application to fruits or vege
tables, the first step involves rapid dehydration to re
move from 60 to 85 per cent of the water. This can be 
accomplished quite quickly and with relatively little 
damage to the food product both because the time of 
dehydration is short and because the temperature of the 
drying product remains low during this stage. However, 
such a product will have been reduced in volume and 
weight by one-half to three-fourths. The product then is 
frozen by a relatively simple process because with a great 
proportion of the water removed the amount of heat 
which must be withdra"WTI in the process of freezing is 
greatly diminished. With a much reduced load on the 
refrigeration equipment, the employment of smaller in
stallations for the same amount of food product is 
possible. 

From preliminary results dehydrofrozen foods seem to 
offer certain advantages over foods preserved by dehy
dration, freezing, or canning. In quality they generally 
are superior to the corresponding dehydrated products 
and in some instances are superior to the frozen products. 
They are less sensitive to temperature fluctuations than 
frozen foods and because of the high concentration of 
soluble solids can be held without damage at temperatures 
above freezing for reasonable periods of time. Commer
cial packs in units of 30 lb. or more are readily defrosted 
since the pieces of fruits or vegetables do not stick to
gether in a block as does the frozen product but are free 
flowing. Perhaps the principal advantages of the process 
are the conservation of space and container materials. 
Space economy is important in warehousing, transpor
tation, retail handling and storage in the home so that a 
saving of one-half to three-fourths of weight and bulk of 
many foods can have real significance. Moreover, the 
process suggests itself as a feasible means of stockpiling 
large quantities of perishable foods. Undoubtedly dehy
drofreezing can be adapted to other types of foods as well 
as to fruits and vegetables, and it is anticipated that ex

mical and with a favourable ratio of food capacity to 
equipment and facilities. 

One of the most important and most expensive items 
in the human dietary is fat. This same substance fre
quently is in short supply in many countries of the world, 
and therefore it is important that the tremendous losses 
due to rancidity which develops both in the fat contained 
in grains and in oilseeds and in isolated forms, such as 
butter, lard and cooking oils, be avoided. Although ranci
dity is associated with oxidation, it seems difficult and 
possibly uneconomical to exclude oxygen at all stages 
during the handling of fatty substances. Therefore, much 
work is in progress on the development of antioxidents. 
Such substances as gum guaiac, nordihydroguairetic acid, 
propyl gallate, lauryl ascorbate, and others have been 
developed for use in edible fats. Many of these show con
siderable promise in extending the stability of the vege
table and animal fats not only until they reach the pri
mary consumer but also through the subsequent finished 
products in which the fats are used such as in bakery 
products and crackers. There is some evidence to indicate 
that rancidity is not simply a problem involved in the 
palatability of foods but that the presence of certain 
oxidation products of fatty acids may produce undesired 
effects in nutrition. 

In considering the over-all subject of preservation of 
perishable foods, one must not overlook the unprocessed 
or fresh foods. Our present method of living in which 
large populations are located in centres some distance 
from the production areas and in which our systems of 
marketing food involve several handlings may result in 
the elapse of many hours or even a few days between 
harvesting and eating. Under these conditions fresh 
products may undergo considerable deterioration before 
they reach the ultimate consumer, with serious losses in 
quality especially of the more subtle constituents, the 
vitamins, for which, from a nutritional standpoint, we 
primarily consume fresh fruits and vegetables. Some 
progress has been made in this field by the application of 
wax coatings to fruits and vegetables which retard desic
cation or the entry of oxygen and provide a measure of 
protection against mechanical injury. Mechanical injury 
may be important if it involves a breakdown of the inte
grity of the vegetable tissue and allows natural enzymes 
or invading micro-organisms to begin their destructive 
work. The employment of chemical agents which slow 
down the development of microbiological action has been 
found useful in the case of some fresh foods. For example, 
solutions of calcium or sodium propionate applied to fresh 
berries have been very effective in delaying the growth of 
mould. Still more recent work has shown that certain 
plant hormones can bring about a considerable delay in 
deterioration of some vegetables. Application of a chloro
phenoxy-acetic acid solution to snap beans resulted in 
retention of turgidity and normal level of ascorbic acid 
for several days longer than in the untreated product. 
Although this type of treatment must be considered ex
ploratory at the present time, it does suggest possibilities 
in the extension of the edible life of fresh fruits and vege
tables and should be much further explored. 

perimental work in this direction will be carried forward It may be concluded that several methods of food pre
in the future since the method seems fundamentally econo- servation now are in effective use but that a number of 
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potentially important developments are in progress. These 
sEem destined to result in valuable changes in our proce
dures for preserving perishable foods and should contri
bute much in the conservation of this all-important world 
nt'cessity. 
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Work of the Canadian Committee on Food Preservation 

M. W. THISTLE and W. H. COOK 

ABSTRACT 

"Associate Committees" are a distinctive Canadian method of carrying on co-operative research. One of these, 
known as the Canadian Committee on Food Preservation, is sponsored by the National Research Council, the Dominion 
Department of Agriculture, and the Fisheries Research Board. Scores of institutions participate: federal and provincial 
government departments, universities, and industries. 

A summary of the Committee's experience over the past fourteen years is given, emphasizing aspects having the 
most direct effect on the national economy. These include studies of the dehydration of fruits and vegetables, low 
temperature storage and transport of perishables, curing of meats, dehydration of eggs, development of a sugar-egg 
powder, preservation of fish, and utilization of various fats and oils. 

INTRODUCTION 

In dealing with major technical problems, the National 
H.esearch Council of Canada often takes the initiative in 
organizing an "Associate Committee", representing all the 
domestic organizations and institutions concerned with 
the problem. This associate committee structure is a 
distinctly Canadian mechanism of proven effectiveness. 
In this way, the wide practical experience of industrialists 
and the specialized technical knowledge of scientists are 
brought together in concerted undertakings. The Coun
cil's Associate Committees (there are thirty of these) are 
n·sponsible for advising the Council on policies to be 
followed and the most suitable laboratories or plants in 
which to undertake specific work. One associate commit
tE·e is the Canadian Committee on Food Preservation, 
established in 1935 and now sponsored by the National 
Research Council, the Dominion Department of Agri
culture, and the Fisheries Research Board. 

The Committee proper acts as an executive to its vari
ous sub-committees. One sub-committee is assigned to 
each of the following subjects: fruits and vegetables, 
engineering, meat and animal products, fish, and edible 
fz.ts and oils. In addition, three panels to deal with work 
on bacon, eggs, and poultry have been formed under the 
sub-committee on meat and animal products. 
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At the end of 1948, the Canadian Committee on Food 
Preservation had been active for fourteen years. During 
this period there was a substantial growth in Canadian 
research in the field of food preservation, which was re
flected in the scope of the Committee's activities. The 
following summary of the Committee's experience, based 
on an article now in the press in the magazine, Food in 
Canada, and emphasizing aspects having the most direct 
effect on the national economy, may be of interest to the 
United Nations Scientific Conference on the Conservation 
and Utilization of Resources. 

PUBLICATIONS 

At 31 December 1948, 215 scientific papers and 15 trade 
journal articles had been published in the Committee's 
numbered series. The number of these originating in each 
sub-committee and panel is given in the table at the end 
of this paper. Small stocks of reprints on most of the topics 
mentioned in this report are still available and may be 
had upon request to the Secretary of the Committee. 

The Committee collects its publications and issues them 
in a limited edition of bound volumes. To date, 170 
papers have been issued in three bound volumes. Copies 
of these collected papers have been forwarded to 53 
Commonwealth, 13 United States and two other foreign 
institutions active in the field of food technology. 
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INVESTIGATIONS 

FRUITS AND VEGETABLES 

From detailed studies begun in 1935 on tomato storage, 
it was found that whereas tomatoes grown in the green
house during late spring and summer and stored at 55 
degrees F. had a normal storage life, those grown in late 
autumn, winter and early spring had a much longer 
storage life. The fruit was also found to last longer when 
the stem was removed and the stem scar area covered with 
paraffin. In addition, a comprehensive survey was made 
of the ascorbic acid content of tomatoes and commercially 
canned tomatoes and juice produced in Canada, and the 
findings were applied to improve factory operations. 

The keeping quality of apples in storage was given care
ful study, and the useful storage life of Mcintosh apples 
was extended by the use of modified atmospheres. It was 
found that methyl bromide fumigation was lethal to in
sects feeding internally in apples, and that the small 
residue of bromide resulting was harmless to humans. It 
was also found that if apples were allowed to pass the 
climacteric phase of respiration while they were on the 
tree they were much less susceptible to damage by carbon 
dioxide or methyl bromide. 

Considerable work was done during the war on the de
hydration of fruits and vegetables. The detailed studies 
covered preparation and pre-processing; mechanics of de
hydration; construction and operation of dehydrators; 
techniques involved in dehydrating; packaging of the 
products; their food value and keeping qualities; de
hydration costs; and methods of quality control, in
cluding a rapid method for determining moisture content, 
the determination of oxygen in gas-packed products, and 
improved techniques for assessing the numbers of micro
organisms. 

ENGINEERIKG 

When the Engineering Sub-Committee was organized 
in 1935, the work undertaken included an investigation of 
taints, of the design and humidification of cold stores, of 
air movements in celery storage rooms, of packaging of 
poultry, and of accurate humidity measurement and 
control. 

The work on celery storage led to a more general in
vestigation of spatial temperature variations in cold 
stores, which was completed in time to be useful in war 
developments, particularly in the ocean transport of 
bacon, the technical data accumulated making it possible 
to stow a ton in 55 cub. ft. instead of the usual 70 cub. ft. 
demanded by the use of conventional dunnage. 

War conditions required the storage of large quantities 
of butter and demanded the best possible practices. It 
was found that the required cooling time could be reduced 
considerably by piling fresh receipts in an "open" pile 
until they reached holding temperature, before stacking 
them in close piles for storage. 

The main war-time contribution of this sub-commit-Lee 
came in 1941. As an immediate solution for the bacon 
transport problem, brought about by the sinking of re
frigerated vessels and the subsequent use of slow convoys, 
methods were devised for converting large uninsulated 
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cargo holds into refrigerated space without delaying the 
vessel. "Emergency" refrigeration units using the Freon 
gases and ancillary equipment were proposed, designed, 
installed, and tested by members of the Engineering Sub
Committee. These members also acted as technical as
sistants to the United Kingdom Ministry of WarTransport 
during subsequent installations. The important role 
played by emergency refrigeration in the transport of 
perishables to Britain was acknowledged in 1945 by the 
First Lord of the Admiralty. Other applications were 
made in Canadian coastal waters and in the Pacific war 
area. 

The transport of perishables by rail has been studied 
and currently an attempt is being made to provide lower 
temperatures for the transport of frozen foods. Trans
continental rail tests were made during the summers of 
1947 and 1948 of the addition of ammonium nitrate to the 
usual sodium chloride-ice cooling mixtures, with hopeful 
results. Work is continuing on this and other methods of 
lowering the temperature in railway refrigerator cars. 

MEAT AND ANIMAL PRODUCTS 

This sub-committee has dealt with a considerable varie
ty of problems: effects of pre-freezing treatment and rate 
of freezing on the quality of poultry, beef, pork, and 
mutton; drip formation in stored meat; rancidity; de
hydration of pork; packaging; canning of meats, in
cluding studies of Irish Moss seaweed as a source of gelling 
materials; processing, storage and transport of dried milk, 
of shell, liquid, frozen, and dried eggs, and of bacon; 
production and storage of cream and butter; and brown 
discoloration in malted process cheese. 

Although Canada has exported Wiltshire bacon to 
Britain for many years, curing and transport problems 
received little attention from Federal Government agen
cies until the National Research Laboratories undertook 
work in this field in 1936. Prior to the war, surveys con
ducted in Britain by Committee members showed that the 
British consumer preferred the milder cure of Danish to 
the saltier cure of Canadian bacon. Curing procedures 
providing lower salt contents were under study and de
velopment when the war intervened and the lack of ade
quate refrigerated transport necessitated the export of 
even saltier bacon than hitherto. A standard cure was 
evolved to meet war-time requirements. This produced 
bacon much too salty for peace-time requirements, but 
its adoption effected a general improvement in the quality 
and stability of war exports. In addition, studies were 
made on hard curing practices, chemical treatments and 
smoking as possible preservatives at ambient tempera
tures, but none of these treatments was entirely satis
factory. The bacon had to be kept cold, and this problem 
was solved by the emergency refrigeration development 
mentioned in the engineering section of this report. 

Current research aims at producing a milder product, 
and thereby improving the competitive position of Cana
dian bacon in the British market. Detailed work has 
shown that 4 per cent in the lean meat is the maximum 
salt content that is acceptable. Transport temperatures 
for carrying this milder, more vulnerable product have 
been established. It is felt that if Canadian Wiltshire 
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b~tcon were graded on salt content as well as carcass 
quality a great improvement could be made in its ac
ce;:>tability. Attempts are therefore being made to devise 
imtruments for determining the salt content without in
jury to the sides. Studies have also been made of the 
efiects of curing and cooking on the thiamine, riboflavin, 
and niacin contents. 

During the war the export of Canadian eggs to Britain, 
previously negligible, grew to almost a 1,000 million per 
y<·ar. ::\'lost of these went fonvard as dried egg powder, 
processed in Canada, but in addition to detailed studies of 
all phases of the processing, storage and transport of 
dried eggs, Committee members sought methods of pre
serving shell eggs from attack by bacteria and moulds. 
So far, oil dipping has been the most effective method in
vestigated. Work is also proceeding on liquid and frozen 
egg, now commercially produced in considerable volume. 

Plain egg powder was adequate as a table dish, but it 
lacked lifting power to make it acceptable to the baking 
trade. The question therefore arose, could scientific in
vestigation evolve a product that would find a continuing 
market to maintain the war-born Canadian dried-egg in
dustry? It was found that the addition of sugar, before 
drying, yielded a product equal to liquid or frozen egg in 
baking properties, and having the advantage of providing 
part of the sugar required in sponge goods. As a result, 
sugar-egg became an important item of Canadian export. 
In 1948, contracts with the British Ministry of Food re
sulted in the shipment of 7 million lb. of sugar-egg and 
2 million lb. of plain egg powder. 

The seasonal production of poultry in Canada, com
bined with long distance transport to both domestic and 
export markets, requires a considerable proportion of this 
product to be handled in the frozen state. Investigations 
showed that surface deteriorations known as "freezer
burn" and "loss of bloom" could be prevented by main
taining a high humidity in the air surrounding the frozen 
product, either by humidifying storage rooms or by using 
a package that could be sealed as required. Suitable ap
paratus and packages were developed to meet both needs. 

During the war, a surplus of poultry developed that 
could not be exported because of a shortage of shipping. 
It was therefore put into cans for domestic consumption. 
A survey of commercial brands showed that their quality 
was variable, and that even a single brand was not uni
form from can to can. If the industry was to grow. it was 
necessary to improve processing methods and to establish 
quality standards. Investigations showed that better 
quality could be obtained by the use of a pressure pre
cooking procedure. Suitable methods and apparatus 
were developed for determining the weight of chicken 
packed in a can, the concentration of the broth, and the 
strength of jelly. This work formed the basis of a Cana
dian specification for canned chicken. Improved quality 
resulted, and domestic consumption is still increasing. 

FISH 

A large number of experiments were made on pre
servatives for fish, and it was found that many chemical 
preservatives were more efficient than ultra-violet light in 
reducing the number of viable bacteria on treated fresh 

fillets. The use of ultra-violet light on brines was also 
somewhat disappointing. Of the chemical preservatives 
studied, nitrites appeared to be the most promising. 

Bactericidal ices were tested as fish preservatives, and 
it was shown that ice containing small amounts of sodium 
nitrite preserves fish much more efficiently than benzoic 
acid ice. In addition, it was noted that the intensity of 
red colour in the cooked muscle of some fish, such as 
chum salmon, was usually intensified by the sodium ni
trite, and that the onset of staleness in f1llets intended for 
fresh, frozen or smoked fish markets was considerably 
delayed by brief immersion in a sodium chloride brine con
taining sodium nitrite. 

Experiments were conducted to determine some of the 
conditions under which nitrites inhibit bacterial growth, 
and it was found that this inhibition is largely dependent 
on the pH of the substrate, and decreases with increasing 
pH. A number of species of bacteria are susceptible to 
low concentrations of nitrites at pH values below seven. 
The muscle of fish shortly after capture becomes sufficient
lv acid for these salts to exert their bacteriostatic action. 
• Other work has included studies of factors affecting the 
growth of halophilic bacteria on salted fish; of a number 
of refrigeration problems including development of an 
overhead bunker for railway refrigerator cars; of drying 
methods and equipment for use on salt fish; of smoking 
equipment and methods; of the control of rancidity in fish 
flesh; and of the storage and handling of fresh, frozen, and 
dried fish. 

EDIBLE FATS A?:-!D OILS 

During the war, the Canadian War-time Prices and 
Trade Board asked that the possibilities of hydrogenated 
linseed oil as an edible fat be investigated, as this was the 
only vegetable oil available in quantity in Canada. In 
1944, this request, together with other suggestions for 
edible oil investigations, led to the formation of the Sub
Committee on Fats and Oils. 

When freshly deodorized, the shortening made from 
linseed oil is unobjectionable, but it soon acquires painty 
udours and flavours that become even more pronounced 
when the shortening is subjected to baking and frying 
temperatures. This is spoken of as "flavour reversion". 
Evidence was obtained from spectrophotometric analysis 
that this flavour reversion involves the breakdown of an 
isomeric linoleic acid formed from linolenic acid during 
hydrogenation. This was confirmed by experiments with 
concentrates of iso-linoleic acid. Certain modifications in 
processing procedure such as the use of antioxidants, 
blends with other oils, high alkali concentrations in re
fining, and high temperatures of hydrogenation, retarded 
but did not prevent the development of flavour reversion 
in the finished shortening. Modifications in other aspects 
of processing were without apparent effect. The possi
bilities of polymerization and solvent fractionation are 
now under study. 

An investigation was made of the stability of biscuits 
that might be used in the Canadian Army mess tin ration. 
Storage tests showed that the kind of shortening used was 
more important than the concentration, and that the 
moisture content should be in the region of 6 per cent. 
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As Canada's principal source of edible fats is lard, work 
was undertaken to improve its stability and other charac
teristics. A survey yielded information on all types of lard 
produced in Canada, and recommendations for the pro
duction of a bland product were forwarded to all the 
packers who participated. 

A number of possible vegetable sources of edible oils 
were examined, including sunflower, pumpkin, wild 
cucumber, mustard, soybean, and rape. It was demon
strated that all could be processed to yield edible 
shortenings. 

Total Numbers of Papers Submitted to the Canadian Com
mittee on Food Preservation By Its Sub-Committees and 

Panels as of 31 December 1948. 
Fruits and Vegetables . . . 
Engineering . . . . . . . 
Meat and Animal Products: 

Fish. 

Bacon . 
Eggs .. 
Poultry 
Other . 

Total 

Edible Fats and Oils. 

GRAND TOTAL. • 

38 
47 
lO 
41 

25 
15 

136 
39 
1.5 

Preservation of Meat, Eggs, Fruits and Vegetables 

E. C. BATE-SMITH 

ABSTRACT 

The transport and storage of meat in the chilled and frozen form and the advantages of quick freezing of meat are 
considered. Recent improvements in the cold storage of eggs, especially oil-dipping as a means of controlling evapo
ration, are reviewed. In the case of plant products, particular attention is paid to the gas-storage of apples both as an 
example of the operation of general principles, and as an important economic crop in the United Kingdom. The require
ments for further advances in the technique of preservation of primary products are summarized. 

INTRODUCTIO~ 

The aim of food preservation is threefold: 
1. To preserve foodstuffs in transit from the 

to the consumer. 
producer 

2. To smooth out irregularities in production, especially 
seasonal irregularities. 

3. To ensure, so far as possible, that local or seasonal 
surpluses are not wasted. 

In the Gnited Kingdom, the first aim has, for the last 
hundred years, been foremost in importance, since much 
of the food of these islands has to be brought from great 
distances. As a consequence of this, the United Kingdom 
fleet of refrigerated vessels and experience in refrigerated 
cargoes exceed those of any other nation. The importance 
of food preservation to these islands is reflected in the 
formation as early as the year 1917, of the Food Investi-

tion Board Organization, later and more recently, in 
47, of the Refrigerated Cargo Research Council. The 
mer has laboratories in Cambridge (general investi
ions), Aberdeen (fish) and Kent (fruits and vegetables) ; 
latter also has its headquarters in Cambridge. 

Consideration of the subject matter indicated in the 
title conveniently falls under the headings of Animal Pro
ducts and Plant Products. Fish is considered separately 
by Dr. Reay of the Torry Research Station, Aberdeen. 

A~IMAL PRODUCTS 

1vleat 

A sharp distinction has to be drawn between storage in 
the chilled and the frozen condition. 

Chilled beef, i.e .. beef which has not been cooled below 
29.5 degrees F., is nearer to fresh beef than any other form 
of meat stored by refrigeration. Since ice forms only 

slowly and to a small extent in the tissue, there is practically 
no drip on thawing. Storage is limited to a few weeks by 
the growth of moulds and bacteria, the time depending on 
the initial infection. By the addition of C02 to the atmo
sphere of a chilled meat locker the growth of micro-orga
nisms is depressed and an increase of 50 per cent in the 
storage life is effected by 10 per cent of C02 • The C02 

does not, however, retard chemical changes, bleaching of 
fat and darkening of muscle which must be more pro
nounced in the longer storage period. 

There has been little difficulty in maintaining 10 per 
cent C02 in ships' lockers provided the spaces were suit
ably designed, tested and calked before the insulation was 
applied. In a typical case where the voyage lasted for 
fifty days, the quantity of C02 that was needed to make 
good the losses by leakage from a space of 10,000 cub. ft. 
capacity was 10 bottles each containing 50 lb. of C02 • 

The over-all importance of pH in its effect on the 
keeping qualities of meat in both the chilled and frozen 
condition has only recently come to be realized. In the 
case of unfrozen meat, the rate of multiplication of the 
bacteria normally responsible for spoilage is highly sensi
tive to pH, especially in the region 6.0 to 5.4. When meat 
animals are properly treated before slaughter, the pH of 
the meat falls to values within this range as a result of the 
formation of lactic acid from glycogen present in the 
muscles at death. Inadequate feeding, fatigue, or fear 
lead to depletion of glycogen and failure to reach a suf
ficiently low pH for proper keeping (1) 1 • Good results 
have been obtained in Denmark by feeding sugar to pigs 
for twenty-four hours before slaughter. 

Contrariwise. the main defect of frozen beef, the ten-

1 Numbers within parentheses refer to items in the bibliography. 
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do:ncy to drip after thawing, is favoured by a low pH and 
diminished by a high pH. In pork, cases have been met 
with in practice of meat which, due to its high pH, pro
duces no drip whatever on thawing. The practical ex
ploitation of this knowledge is difficult, because there is no 
e<tSY means of determining a high pH in meat as there is, 
bv feeding sugar, of favouring a low pH. Since there is no 
sign of a return from the carriage of beef in frozen form to 
chilled for many years to come, it is important for this 
country to effect whatever improvement is possible in the 
quality of frozen beef imported from overseas. 

The present tendency of course, towards quick 
freezing in order to improve quality in this respect; but 
the British people require meat in the form of joints, 
which are cut to their choice bv the retail butcher from 
the carcass or the quarter, and such large masses as these 
cannot be quick frozen. On account of the need to pre
st·rve quick-frozen character in many quick-frozen foods, 
lower temperatures of storage are necessary, so that the 
tendency is for the storage temperatures to be lowered 
from the values which have hitherto been customary 
(12-15 degrees F,) to 0 degrees F. or below. While these 
n·quirements ought to be met for long periods of storage, 
it hardly seems necessary in the case of meat to provide 
such stringent conditions for the period of a ship's voyage. 
In one experiment, for instance, scarcely any effect on the 
amount of drip from quick-frozen meat could be detected 
after several months' storage at 14 degrees F.; in this re
spect, meat is of a different order of sensitivity from fish. 
It is hardly necessary to state, of course, that wide vari
ation of temperature, especially in the direction of higher 
temperature, ought not to be tolerated. This is of especial 
importance in the carriage of frozen offals such as livers. 

An interesting suggestion, and one of particular signi
ficance to the present conference, has been made by Dr. 
John Hammond (2). He estimates that if the production 
of meat were made more seasonal, a much larger popula
tion of stock could be carried on a given acreage of grass
land. The excess of meat produced during the end-of
sPason slaughtering period would be held in cold store and 
released smoothly over the period of scanty supply. Such 
a revolution in management would need a considerable in
crease in cold storage space for its accommodation. This 
suggestion deliberately invites the irregularity of pro
duction mentioned under heading 2 of the introduction to 
this paper, and invokes the science of preservation to 
balance the ensuing consequences. 

Preservation of texture is not, of course, the only ad
vantage to be gained from quick freezing and low storage 
temperature. Loss by evaporation is reduced at low 
b;mperatures, and in fatty foods such as meat and poul
try, oxidation of fat is retarded. Facilities for storage at 
t(;mperatures below 0 degrees F. are available at all im
portant centres in the Gnited Kingdom and are being 
r:tpidly extended. 

Eggs 

was much smaller than in the Gnited States, where the 
long-term cold storage of eggs was an important industry. 

Eggs were stored at 31 1 degrees F. and it was ne
cessary to control carefully the relative humidity of the 
store in order to prevent excessive evaporation on the one 
hand and to minimize spoilage by moulds on the other. In 
Europe a certain number of eggs were also preserved in 
pickling tanks and in the years immediately before the 
war an increasing number of eggs were gas-stored (al
though these formed only a small proportion of the total 
number produced). There were two methods of gas-stor
age, one using a high concentration of C0 2 (60 per cent or 
more) and the other a low concentration (2-t per cent). 

Since a high concentration of C0 2 prevents the growth 
of moulds and bacteria the relative humiditv in the 
chamber could be 96 per cent or more without danger of 
microbial spoilage, and evaporation could therefore be 
reduced to a minimum. These advantages were gained at 
the price of an increase in the rate of thinning of the thick 
white during storage. In 2! per cent C02 it was still neces
sary to maintain the relative humidity at 80-85 per 
cent and the rate of evaporation was therefore similar to 
the rate during normal storage. The rate of thinning of 
the thick white was not increased, however, and, as in high 
concentrations of C02, there was no development of a 
storage flavour and the rate of weakening of the vitelline 
membrane was rather less than during normal storage. 

It is only recently that egg production in Europe has 
begun to approach its pre-war volume and this recovery 
has been accompanied by a renewed interest in the United 
Kingdom in long-term storage, especially in relation to 
those countries that export eggs to the United Kingdom. 
A large and increasing number of European eggs will be 
oil-dipped, cold stored and exported to the United King
dom in the winter months. It is also possible that a signi
ficant proportion of home-produced eggs will be oiled and 
cold stored in the future. 

The process of oil-dipping is not a new one. It was f1rst 
used on a large scale in the United States but the method 
fell into disrepute because many of the eggs so treated 
developed moulds during storage. It is now believed that 
the oils used during this period were excessively heavy. 
As a result of research in the United States and Canada 
the process is now widely used in those countries and in 
the last two to three years large quantities of cold-stored, 
oiled Canadian eggs have been exported to the United 
Kingdom in the winter. 

Oil-dipping is a simple and inexpensive process. The 
eggs are dipped for a few seconds in a tasteless, odourless 
white mineral oil and, after draining for a few minutes, 
are packed and put into cold store at 31 ::':: 1 degrees F. 
The results of long-term storage have emphasized the un
desirability of washing dirty eggs on the farm and in 
several countries vigorous efforts are being made to dis
courage this practice. 

The main function of the oil is to reduce evaporation. 
Before the war eggs were put into cold store in the spring This reduction, desirable in itself, also gives an increased 

and sold in the autumn and winter, when, because of a margin of safety during long-term storage since a satis
rdative shortage, prices were high. Although no figures factory rate of evaporation can be obtained at a relative 
were available it was known that in the United Kingdom humidity where there is a greatly reduced risk of spoilage 
tl1e proportion of the total production put into cold store by moulds. There is a slow production of C0 2 within a 

367 



UNSCCUR PROCEEDINGS: LAND RESOURCES 

stored egg and since oiling retards gaseous diffusion 
through the shell the concentration of C02 in the egg in
creases to a level that is equivalent to storage in about l 
per cent C02 • To some extent, therefore, oiling reproduces 
the conditions of gas-storage in low concentrations of 
C0 2• 

The production of dried whole egg during the war was 
accompanied by much research work into the preparation 
and properties of what, in view of its novel and wide
spread use in the home, was almost a new product. The 
conditions to be observed during manufacture and the 
factors responsible for deterioration during storage are 
now known and it is possible to prepare a product of 
greatly increased stability. The loss of aerating power 
which accompanies spray-drying can be prevented by 
dissolving sucrose in the egg pulp before drying and large 
quantities of dried sugar-egg are manufactured for bakery 
and confectionery purposes. 

Imports of frozen whole egg pulp into the United King
dom are less than before the war mainly because Chinese 
exports, previously the chief supply, have not reached 
pre-war dimensions. The shortage has been off-set to 
some extent by increasing imports from Australia and 
Canada. The main feature in the preparation of this 
product has been the tendency of late years to use lower 
freezing and storage temperatures. 

The detection of Salmonella organisms in some samples 
of dried egg during the war aroused considerable interest. 
It was found that even with the strictest attention to 
plant hygiene a certain proportion of samples contained 
Salmonella, although the numbers were very small. 
Pasteurization of the egg pulp before drying or freezing 
has been shown to be practicable and effective and al
though the method is not in general commercial use, ex
cept in Poland, large-scale trials have been carried out 
successfully in several countries. 

PLANT PRODUCTS 

The majority of plant products may be classified ac
cording to their ontogeny, morphology and physiology as 
fruits, root crops or "green" vegetables. It might be ex
pected that the requirements for the artificial storage of 
fruits and root crops will differ from those of green vege
tables since the former are storage organs, and as such can 
survive when detached from the parent plant by drawing 
on their reserves of food, whereas the later having little or 
no reserve foodstuffs survive only for a short time. How
ever, fundamental studies of the physiology of these tis
sues are still needed to elucidate the processes of both 
normal and abnormal katabolism to enable further con
trol of the storage life. For example, such problems as the 
inhibitory effect of carbon dioxide on the respiratory ac
tivity of certain fruits, the modus operandi of those vola
tile and non-volatile substances which affect the onset of 
senescence of fruits, the dormancy of buds, growth of 
micro-organisms and similar factors which influence the 
degree of wastage are not fully understood. 

Current practice in England is summarized below and 
comments are made on the main lines of research and also 
the major problems to be solved. 

The Food Investigation Organization has investigated 
a whole range of problems, varieties, storage conditions, 

degree of maturity, identification of forms of breakdown 
and wastage, instruments for control and operation of 
stores, construction and size of stores. Its advice has been 
sought by growers, refrigerating engineers and fruit-store 
owners and operators, and the results of research work are 
made available by papers in scientific and trade journals, 
lectures, visits, exhibitions. 

Apples 

Since apples form a large part of the fruit crop and the 
one that is stored the longest, it is not surprising to find 
that they have been more thoroughly investigated than 
any other fruit. Varieties differ widely in the way they 
behave in storage at ordinary temperatures; the early 
maturing dessert varieties such as Beauty of Bath, Wor
cester Permain and Charles Ross deteriorate rapidly and 
are quickly disposed of in the fresh fruit market. The later 
and more choice dessert varieties (e.g., Cox's Orange 
Pippin) and culinary varieties {e.g., Bramley Seedling) 
will store reasonably well at ordinary temperatures for 
one or two months with, of course, some change of ground 
colour, flavour and texture. A longer storage-life is possi
ble if the fruit is held at 37 to 38 degrees F. It may be 
worth noting that the recommended temperature for the 
storage of English apples is above the range 31 to 33 
degrees F. that is used for apples in the United States and 
Australasia. English apples develop a form of internal in
jury below 36 to 37 degrees known as low temperature 
breakdown. 

Cold storage of English apples is, however, being super
seded by refrigerated gas-storage. It is possible to in
crease by 50 to 100 per cent the period of storage of certain 
varieties (e.g., Bramley's Seedling) by deliberately ar
ranging for carbon dioxide to accumulate in the atmo
sphere of the store to a concentration of 10 per cent in 
which case the fruit should not be cooled below 39-40 
degrees F. With some varieties (e.g., Cox's Orange Pip
pin) it is advantageous to reduce the oxygen concentration 
to 2t per cent with 5 per cent carbon dioxide at a tempera
ture of 39 to 40 degrees F. To attain gas-storage condi
tions stores must be made gas-tight and are normally lined 
with sheet metal. In such stores oxygen is used up and 
replaced by an equivalent volume of C02 • In such a store 
C02 can be allowed to rise to 5 to lO per cent and the 
oxygen to drop to about l per cent. To obtain low oxygen 
and low C02 stores need to be fitted with scrubbers tore
move C02 • Certain varieties such as Newton \Vonder and 
Blenheim Orange do not respond to gas-storage and an ac
cumulation of C02 in the atmosphere leads to C02 injury. 

Some kinds of apples held in refrigerated storage de
velop a superficial injury, known as superficial scald; 
Bramley's Seedling and Lane's Prince Albert may de
velop this disease in cold or gas stores, and Newton 
\Vonder frequently shows it in ordinary cool storage. A 
preventive measure is to wrap fruits individually in oiled
paper. It is believed that scald is due to the production of 
volatile substances and that if these were removed scald 
could be reduced. So far, various forms of atmosphere con
ditioning, e.g., by the use of absorbers containing active 
charcoal, have not given any reliable results in controlling 
of scald. Scald is more intense in some seasons than others 
and its severity may be related to climate. Some method 
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of predicting scald would be of great advantage. The 
application of wax coatings to restrict gaseous exchange 
and so reduce wilting and respiration has been considered. 
The use of solutions (castor oil and shellac in alcohol) and 
emulsions (oils, waxes, etc., in water) have been investi
gated. So far the results obtained have been variable and 
it appears difficult to find an effective treatment. A too 
thin coating has no effect, a too thick coating produces 
anaerobic conditions. 

There is no difficulty in ripening apples whatever the 
period of storage has been; on the contrary ripening may 
limit the period of storage. The time of picking must be 
adjusted according to the state of maturity of the apples 
and they must be cooled to the storage temperature very 
rapidly in less than five days. Culls are used by the fruit 
juice and cider processors and similar trades. Canners 
generally require fruit of better shape and size for pro
cessing. In England the production of dried apple and 
frozen apple-puree is very small. 

Pears 

Pears, like apples, are harvested in the unripe but ma
ture stage and for the best results are stored in the unripe 
state. Ground colour can be used as a reliable guide to 
stage of ripeness. Unlike apples they may need to be held 
at 60 to 65 degrees F. to ripen properly. Failure to ripen is 
usually the result of unsuitable maturity at harvest, over 
prolonged storage or conditions on removal from store. 
The storage life of Conference, Doyenne du Cornice and 
William's Bon Chretien pears at 34 degrees F. is usually 
about 3, 2.!; and 1! months, respectively. The corre
sponding values for gas-storage at 34 degrees F. are 6, ,,, 
and 5 months, respectively. 

Plums and stone fruits in general 

Unless plums have reached a "firm ripe" stage when 
harvested they rarely ripen properly. They can be stored 
at ;32 to 34 degrees F. for from one to eight weeks ac
cording to variety, after which low temperature break
down occurs. 

Fruit which has ripened has only a short storage life 
under any conditions of temperature and atmosphere so 
far investigated. 

Unripe plums are singularly less responsive to ethylene 
than apples, bananas and citrus fruits. 

Plums do no react favourablv to an accumulation of 
C0 2 in the atmosphere and prolonged storage cannot be 
secured in gas-storage. 

Plums are stored in the frozen condition but it has been 
found possible to prevent the discoloration of English 
plums and peaches in frozen storage only by a preliminary 
heat treatment. Whole fruit, if submerged in sugar-syrup, 
do not discolour to any significant extent. With cut raw 
fruit neither citric acid, sugar nor ascorbic acid prevent 
browning in the frozen state or retard it during thawing. 

Berries and soft fruits 

These arc usually harvested at a mature, ripe and fully 
coloured stage, and as such their storage life is exceedingly 
short and usually terminated by mould and fungal attack. 
J(apid cooling by retarding the onset of rotting enables the 
fruit to be held for f1ve to six days at 32 degrees F. 

For long storage, frozen storage is necessary. Sugar or 
sugar-syrup is added. Bulk and consumer packs differ 
somewhat in treatment as well as in rate of freezing. 

Strawberries (and plums) intended for jam manufac
ture have been frozen in bulle By the use of sugar-syrup 
the discoloration due to the absorption of oxygen is re
tarded and there is only slight "loss" of the sucrose by 
inversion. 

Tomatoes 

Tomatoes in the full grown but green state can be stored 
for three to six weeks at 50 to 53 degrees F., and ripen 
satisfactorily at 60 to 65 degrees F. 

It is not yet customary to state the variety on the label 
of cases and this leads to some confusion in the various 
reports of commercial experience. 

Ethylene has been found to have a variable effect on the 
rate of colouring of some varieties. When ripe, the fruit 
can only be held for a short time so as to even out supplies 
and meet the needs of internal and nearby markets; sur
pluses, cull fruit, etc., have to be processed. 

Tomatoes do not make a very satisfactory frozen pack 
unless frozen extremely rapidly and at rates far beyond 
the means of most commercial installations. 

Vegetables 

Lettuce and other salad crops, etc., do not store well for 
more than a few days. They wilt rapidly even in cool 
storage and just below 32 degrees F. frost injury de
velops. Packing with crushed or powdered ice improves 
the appearance and quality since it assists both in cooling 
and in maintaining a higher water-content in the tissue. 
Cauliflower can be kept for three weeks at 0 degrees and 
for five to six weeks in gas-storage. Cabbage can be kept 
for four to eight weeks. However it is best to try and 
market vegetables "fresh". 

Some spinach is frozen either as leaves or as a puree. It 
must be blanched before freezing. Cauliflower (and broc
coli) is likely to discolour during storage and the optimum 
conditions for blanching have yet to be found. With the 
number of varieties, early, mid-season and late, now avail
able there is almost a continuous supply of fresh material 
and therefore little need for a frozen-pack. Peas and beans 
are rarely stored even at chilling temperatures other than 
for holding over, e.g., at week~ends. The condensate that 
is formed after removal from storage facilitates the growth 
of moulds. As a frozen pack they are probably the most 
popular. To give a really first class product the "garden" 
varieties of peas must be used; they must be picked at a 
succulent stage, rapidly shelled, blanched, packed and 
frozen. Careful control of the pH of the blanching liquid 

'and time of blanching is most important. 

Root crops 

Root crops are relatively cheap. Wilting, rots and 
sprouting are the chief causes of wastage. The uncertain
ties of the extent of potato blight in the crop and the un
predictable climatic conditions in spring make clamp (pit) 
storage uncertain. By the use of the methyl ester of 
naphthyl acetic acid and other substances the natural 
breaking of dormancy can be postponed with some in
crease in the storage life; it is becoming widely used but its 
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value has yet to be fully proved. The value of certain 
dusts to reduce rotting has also been considered but as yet 
no standard treatment has been evolved. 

To sum up, some of the outstanding problems are: 

l. How to attain better control of storage conditions in 
respect of temperature, relative humidity, gas and com
position of atmosphere. 

2. Methods for predicting storage losses. 
3. Methods for reducing wastage. 
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Preservation of Perishable Foods 

GEORG BORGSTROM 

ABSTRACT 

Against the background of the Swedish development are discussed several preservation problems of a general 
nature which might contribute to a better utilization of perishable food. 

The extent of storage and marketing losses is surveyed and the role played by home preservation is elucidated. 
Juice and juice concentrate production as a means of saving large amounts of fruit and vegetables is discussed. The 
value of technique in utilization is demonstrated by the methods for dehydration of wild rose hips and the freezing of 
cabbage. War-time trends are brought to attention: dehydration of fruits and vegetables, fortification and enrichment 
of cereal products and production of dry milk and dry eggs. Other important developments are the increase in ice pro
duction and in refrigerated warehouse space. A significant modernization of the canning industry together with the 
starting of freezing operations has improved utilization. 

Among the principal problems which are brought under discussion, mention may be made of the following: 

1. A more efficient utilization of fresh-water fish resources in the lake-rich regions of the north. 
2. Making fish-freezing a more general practice in fish distribution. 
3. A wider utilization of wild berry resources. 

4. Interrelation of preservation and consumption. 
5. Importance of several qualitative factors in full-scale use of resources, e.g., 

(a) The diurnal variation of carbohydrates, 
(b) Regional effects on composition (oil, vitamins, etc.), especially with respect to latitude, 
(c) Seasonal influences. 

6. The processing of waste. 
7. The localization of preservation industries with regard to cost of production, availability and yields. 

8. The need of economic studies on the optimal size of preservation factories and the advantages of European co
ordination. 

9. Counterbalancing of the seasonal effects on processing, and the interrelation between storage, large-scale bulk 
preservation and the production of consumer packages. 

WASTAGE OF PERISHABLE PRODUCE 

The significance of preservation shows up best against 
the background of losses in handling, distributing, storing 
and trimming the perishable products. According to the 
Swedish Agricultural Research Council the following 
approximate figures of these losses have been registered: 

Cabbage} 
Carrots · 
Spinach .. 
Strawberries 
Tomatoes 
Potatoes .. 
Potatoes .. 
Apples and pears 

Per cent 
of loss 

30 to 40 

20 to 15 
35 to 40 

lO 
20.6 (187 days) 1946/19·:17 
11.8 (196 days) 19:17/1948 

5 to 20 

Wastage in marketing amounts to about 5 per cent for 
vegetables, 8 per cent for deciduous fruit and 15 per cent 
for berries. In addition there are the trimming losses, 
amounting to 15 to 17 per cent for snap beans, up to 
56 to 60 per cent for well-leaved cauliflowers. To some ex
tent these trimming losses are unavoidable, but the waste 
should be utilized by special processing (see below under 
"Cull and surplus fruits and vegetables"). 

HO:YIE V. C0:\1MERCIAL PRESERVATIO"N 

Home preservation is a general practice in the Scandi
navian countries. In Sweden it still plays a predominant 
role. The consumption of home-preserved products is far 
larger than that of products commercially preserved by 
the food industry. On the basis of a study of 500 con
sumer units the follo-wing average figures have been com
puted: 
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Average Two-Week. Consumption of Various Preserves 

Home made . 
C ommerciallv 

made ... 

(Per unit of 100 grammes) 
1vieat Fish Dried hips Fruit and 

berries 
0.21 0.03 0.28 22.20 

0.14 1.42 0.35 0.64 

Vegetables 

1.38 

1.09 

Preserved fruit and berries are very extensively used, 
chiefly as jam and syrup. The latter are a good alterna
tive to expensive canning since the sugar used safeguards 
the vitamin C. On the other hand, it is an economically 
doubtful procedure to use rather costly packages for 
storing or keeping such large quantities of sugar (often 
more than 50 per cent). 

Each family, according to observed data, stores as an 
average 34 kg. of preserves, of which 47 per cent is jam, 
26 per cent fruit syrup and 13 per cent stewed fruits. This 
refers to the urban population. In the countryside home 
preservation has an even more dominant position. 

The advantages of home preservation from the point of 
view of conservation is that the nutrients and vitamins 
are retained to a high degree, and there is no difficulty in 
distributing these products. The advantage applies, how
ever, only to home-produced raw material. If the raw 
materials are bought at the local produce markets they 
are liable to profound changes, especially to losses in 
nutritive value. 

A well-organized canning industry would most likely 
handle these products more safely and gently both in 
collecting and processing. As home preservation will al
ways be practised, however, research should be devoted 
t·) the subject in order to guarantee first-class treatment. 
:r\or should the economic aspects escape attention. Home 
preservation is certainly not always justified from this 
particular point of view. 

Aside from the expansion of the Swedish food preser
vation industries (see table), the construction of cold
storage warehouses has undoubtedly contributed most to 
saving perishable food. :Most of the warehouses were 
built in the thirties and forties. At the moment there are 
forty-three such establishments at twenty-eight places 
with a total storage area of 45,000 square metres. In ad
dition many fruit growers' organizations have built cold 
stores. Freezing of fruits, vegetables, pastries and pre
pared meals has started on a restricted scale but is certain
~~· pushing ahead. A few locker plants have opened up, 
-especially in combination with dairies. 

PRESERVATION OF FRUITS AND VEGETABLES 

Most agricultural products used to be consumed in their 
original form but today they are often transformed by 
some kind of processing. Agriculture and horticulture are 
becoming more and ':llore important producers of raw 
materials for industry, a trend which certainly will de
\elop further. This has meant that a smaller amount of 
nw materials is wasted. The unfavourable factor of 
perishability of fruits and vegetables has thus been coun
t~r-balanced. 

Apples 

Large quantities of apples are produced in private 
o·rchards; the commercial crop is much smaller, in fact 
·Only about 20 per cent of the total. Owners of private 

orchards are not able to market or consume the apple crop 
in the fresh stage or to preserve what they produce. It is 
estimated that almost 40 per cent of the crop becomes 
cull~an alarmingly high figure; 3,000 to 4,000 tons are 
used for producing stewed apples and 800 tons are made 
into various fruit wines. About 15 per cent of the total 
usable apple crop is lost (15,000 tons); this amount, if 
made into juice, would produce 9 to 12 million litres, al
most 1.5 to 2 litres per capita. The apple crop could be far 
better utilized. One way will most certainly be the fur
ther development of the fruit-juice industry. The war
time increase in the number of commercial orchards will 
substantially raise the size of the Swedish apple crop and 
will stimulate all kinds of fruit industries. Fruit utiliza
tion through juice production is still a minor undertaking, 
almost entirely restricted to apples. No large-scale in
dustrial production has yet started. Apple juice is chiefly 
produced by growers' co-operative organizations and 
amounts to 600,000 litres from about 140 small plants. 
These small units may have deficiencies but they do help 
in saving the surplus fruit crop of local producers. Ac
cording to estimates these juice factories could, if their 
entire capacity were used, process 3,000 tons of fruit, 
which amount is only 3 per cent of the annual crop. 

Against the deficient processing and small capacity of 
these factories, however, can be raised the matter of 
transport losses in large-scale utilization. Fruit juice pro
duction is at anv rate a first-rate method of utilizing fruit, 
and one that is far superior to the production of jams, 
jellies, wine and vinegar. Almost limitless amounts un
suited for fresh consumption can be saved at harvest time 
and consumed in time of shortage. 

Rose hips 

Of special interest is the use of rose hips as a supple
mentary source of vitamin C. This is a good example of 
the effective use of a natural resource, and also of its de
pendence on preservation technique. Drying is the tra
ditional preserving method used in Sweden but analyses 
have shown that losses of ascorbic acid occur when 
the hips are in home ovens. Compared with in-
dustrial dehydration enormous losses occur. Calculated 
on the basis of 100 tons of dried hips, it has been shown 
that large-scale modern factory-drying saved no less than 
900 kg. of ascorbic acid. Through the development of 
this industrial technique, the Swedish housewife can now 
prepare hip dishes which contain 80 per cent of the 
original vitamin C content in nature. Nevertheless, it is 
calculated that about 2,000 kg. of ascorbic acid are lost 
each year in processing. This represents a value of about 
I million Swedish crowns. 

Cabbages 

In view of the very high figures of storage losses with 
cabbages, experiments have been undertaken which prove 
beyond doubt that a much better method of preservation 
is to freeze the heads~either whole or possibly cut in two. 
In this case there is no deterioration in colour and no 
losses are registered. The leaves can be used as a cover to 
meat pies, etc., and, of course in various soups. 

Cull and surplus fruit and vegetables 

All misshapen specimens of fruit and vegetables which 
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are difficult to market when fresh, together with local sur
pluses, could be utilized by pickle makers and juice pro
ducers. No small amount of such perishable produce is 
wasted at present. Its utilization should be organized by 
collaboration between the central fresh markets and the 
processors. A sound industry cannot, of course, be based 
on such casual sources of raw materials but these should 
always be taken into consideration when planning. 

difficulties in utilization of waste produce have 
arisen in Sweden with regard to cauliflower. Green leaf 
residues from cauliflower, carrots, lettuce, etc., constitute 
no small resource, which with modern methods could be 
processed into protein, carotene, etc. 

Untapped resources 

In northern regions of Sweden there are vast resources 
of wild berries-blueberries, lingonberries (red whortle
berries) and hjortron. Their rational utilization would 
mean a revolution in the juice and fruit-preserve industry. 
The juice of the lingonberry has been exported from Fin
land and could certainly be produced in large quantities 
in Sweden. In one northern countv district, Vilhelmina, 
production is estimated at an annua'l average of 5,000 tons 
of wild berries-only 5 per cent of which is taken care of. 
At one time some of the berries were dehydrated and ex
ported, but lack of efficient picking devices made the costs 
prohibitive. 

Relation to consumption 

Tpe annual per capita consumption of fruits and berries 
in Sweden amounts to only 1.5 an extremely low 
figure compared with 11.1 kg. in the United States. The 
largest amount by far is used in Sweden for jam and 
marmalade (see table). According to 1943 figures, the 
Swedish food industry used fruits and vegetables from a 
total area of about 3,500 hectares. If consumption rose to 
the same level as in the United the producing area 
required would be about 40,000 hectares, which corre
sponds to the present sugar-beet area. 

FISH PRESERVATION 

Icing still constitutes the chief method of preserving 
fresh fish. Special regulations have been introduced to 
avoid any crushing of the flesh. All fish handled at the 
central harbour of Gotenburg are received in boxes. For 
prawns and mackerel the boxes usually have the di
mensions 700 X 400 X 165 mm. (20 to 25 leg.) and for al
most all other fish including herring, 815 x 480 x 165 mm. 
(40 to 50 kg.). Freezing is still in the preliminary 

From the point of view of salvaging as much nutritive 
value as possible, the extensive freezing of herring is ob
viously preferable to industrial oil production. 

possible to carry on fish processing in districts other than 
the coastal ones. 

The preservation of the fresh-water fish is another vital 
matter. This is not yet satisfactorily solved and far
reaching measures should be taken or at least investi
gated; it is of great importance in Northern Europe with 
its many lakes. Sweden has more than 100,000 lakes, 
covering 8 per cent of the total area. In addition we have 
an immense number of rivers, rivulets and streams. The 
entire fresh-water catch is now estimated at 1.5,000 tons, 
corresponding to 3 kg. per hectare. Much greater 
are possible. Nevertheless the utilization of the present 
catch is very deficient. A high percentage is consumed 
locally but there certainly is a need for a better marketing 
service, although this could be organized only in a very 
few regions. The problem is a very striking of the 
interrelation between production and utilization. 

If these resources are to be better utilized, fishing 
should be intensified through special measures and the 
yield increased through fertilization and fry-planting. In
vestigations are proceeding to develop small-size cold
storage cabinets and smoking and salting units. The 
natural sub-zero conditions in the north can be utilized 
for cheap freezing and frozen-stage transport for the 

varieties caught in winter. An investigation of the 
possibilities of using the natural low temperature ranges 
for storing and freezing should be undertaken. 

In the last decade the consumption of and demand for 
fish have risen. Credit for the increase is given to the 
greater availability of fresh and frozen chiefly as a 
result of the wide-spread use of refrigerator equipment and 
better facilities-mainly extensive icing-for marketing 
fishery products. 

Although the catch is far better taken care of and this 
source of food is better utilized, a yearly average of less 
than 3,000 tons of fish, almost entirely sea fish, is frozen in 
Sweden. A profound change most certainly is taking place 
in this respect. It is calculated that the freezing capacity 
of units amounts to 350 tons a day and the 
storage facilities exceed 25,000 sq. metres. The total ad
ditional cost for freezing the fish has been calculated at 
5 to 12 cents per kg. 

Fish-freezing would give to the entire non-coastal popu
lation new opportunities of fish consumption. Preser
vation would be immensely improved at costs which are 
not prohibitive. In this connexion it is proposed to in
vestigate whether or not the costs of freezing correspond 
more or less to the amount of the spoilage losses. It should 
also be possible to effect a real price stabilization in the 
case of a fish variety which shows great fluctuation in 
price or in the case of herring, the catch of which is 
seasonal. 

Combining the freezing of fish and vegetables has been WARTIME CHANGES I:-< FOOD PROCESSING 

very much discussed. There are, however, difficul- Changes which took place in food processing during the 
ties in arranging such a combination. Vegetable growing Second World War have implications of long-run signifi
is not to any great extent localized in the coastal regions. cance to Sweden's available food supply. Three important 
It may also be seriously questioned whether preservation innovations immediately come to mind: (1) dehydration 
of fish should be applied only to surpluses. In most cases of fruits and vegetables, (2) fortification and enrichment of 
it certainly is favourable to process a substantial part of cereal products, and (3) dehydration of milk and eggs. 
the fish, making it easier to arrange a regular flow to the Each of these innovations may have a great influence not 
market. Immediate bulk freezing at sea might make it only on the competitive position of the different producing 
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areas but also on the nutritive content of foods and their 
cost to the consumer. These innovations also affect the 
volume of production which can be moved into consump
tion at profitable prices. 

Evidence regarding the consumer acceptance of de
hydrated vegetables is conflicting. Unless further im
provements are made in the quality of the product, it 
seems doubtful that dehydration will play more than a 
modest role in the processing and marketing of vegetables. 
Similar difficulties of consumer acceptance are encountered 
in the merchandising of dehydrated eggs. Dried berries, 
on the other hand, were well established before the war, 
and showed a decline in favour of canning, syrup-pro
duction and freezing. However, vegetable soups, dehy
drated by processing in vacuum, continue to find consider
ble acceptance in the Swedish food market. 

Before the war a large amount of skim milk went into 
livestock feeds. The use of both dried skim milk and dried 
whole milk for human food has increased during the war, 
though these products are still poorly packaged. In spite 
of a simultaneous decrease in the deliveries of whole milk 
from the farms, the consumption of fresh milk each year 
reached higher levels. In 1938 per capita consumption of 
fresh milk was 119.5 kg., compared to 167 kg. in 1946. 
This must be considered an improvement from the salvage 
point of view; all valuable constituents are thus saved for 
human nutrition. Dairies have been modernized and 
smaller units transferred to larger units. Thanks to 
modern ensilage methods the producer has learned how to 
carry on his livestock-feeding operations with less skim 
milk. If a reasonably profitable peace-time outlet can be 
found for the products, this war-time shift to the greater 
human utilization of milk solids, not fat, will be continued. 
Many people expect further technological and marketing 
developments which will increase the acceptability of the 
products and thus widen the market for the non-fat milk 
solids. 

An egg surplus developed after the war. This created a 
far more intense interest than existed before in the im
provement of cold-storage methods; it also led to m
creased preserving and initiated freezing operations. 

QUALITATIVE ASPECTS OF FOOD PRESERVATIOi'-1 

An important factor when utilizing plant products for 
preservation is the diurnal variation in their content of 
carbohydrates. It is well known that hay in the afternoon 
shows a maximum content of sugars. The same obser
vation applies to vegetables and berries. By harvesting 
them in the right period of the day more food calories are 
saved. Consequently it should be possible in practice to 
profit by the higher sugar content in the late afternoon. 

Moreover, the vitamin content of fish, fruit and vege
tables increases to the north. In spite of a shorter vegeta
tive period the days are longer and the light intensity is 
greater. This fact has resource values to which far too 
little attention has been directed. Overwhelming evidence 
points to a higher yield of dry matter, sugar, etc., and a 
higher content of oils and vitamins as production moves 
northwards. Cabbage and carrots grown where the days 
are 15 per cent longer showed a dry-matter content 35 
per cent higher. 

Moreover, the vitamin A content of butter is influenced 
by seasons and latitude because of its causal relation to 
the carotene content of leaves included in cattle fodder. 
Extensive analyses have proved that the summer butter 
from Sweden's northern regions contains more vitamin A 
than that from the southern part of the country. Spring 
butter shows lower vitamin A values than autumn butter. 
The maximum content is reached in September and the 
minimum in April. This has also been observed in several 
other countries, especially in Denmark. 

A similar relationship exists between the vitamin con
tent of fruit and vegetables and light intensity. The 
average amount is often ten times higher in summer
grown vegetables than in those raised in greenhouses in 
the winter. It is better to intensify production and pre
servation in season than to supplement supplies by grow
ing out of season. 

LOCATION OF FOOD I:-.IDUSTRIES 

This raises a still more fundamental point. Should 
preservation factories be located in the chief consumption 
areas or in the producing regions? A wise arrangement 
seems to be to locate fresh-market producing-districts in 
girdles immediately around the population centres, while 
canning industries could be favourably located in special
ized growing regions with low production costs. This 
arrangement is also in conformity with the tendency of 
modern plant breeding to develop specific varieties adapt
ed either to fresh sale, canning, freezing or drying. 

A plant that runs the year round is naturally the ideal 
from almost every viewpoint. The way in which the pre
serve industries of the eastern United States, decades ago, 
solved their raw material problem through the freezing of 
the berries of the North-west certainly keep the jam in
dustries working all year round but not the freezing 
establishments. 

ECONOMIC ASPECTS OF FOOD PRESERVATIOX 

Such a conference as this should really draw attention 
to the need for certain fundamental economic surveys 
which should precede the selection of the most appropri
ate conservation measures. 

Specialization in production is an important trend. In 
Sweden, for example, this trend had led to the develop
ment of certain raspberry districts, strawberry regions, 
and, starting now, some black-currant districts. Our fish
preservation industry is chiefly localized in the main 
fishing district (Bohus!an). 

Large-scale production has definitely been a vital con
dition for efficient utilization. Another important factor 
is that perishable products intended for processing should, 
to as large an extent as possible, be taken from low-cost 
producing areas. This is an aspect of the conservation 
problem that could be studied with great advantage to the 
entire European continent. There have been remarkably 
few investigations of this important question. In order to 
have sizable processing factories which give a maximum 
return, it is obvious that their markets should not be 
restricted to a single country or State. Some kind of 
European planning should be agreed on. This most cer
tainly would not signify that the northern regions could 
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not compete. We lack co-ordination in this respect in our 
continent. Economic research is essential to developing 
such international planning. 

It may seem obvious that immediate preservation-by 
canning, drying or freezing-with modern technological 
devices and developments giving products with a high 
retention of vitamins and other nutritive components, is 
the best means of conserving agricultural and horti
cultural products. In order to institute reasonably cheap 
and efficient preservation, the processing establishments 
have to be of a certain size. This means that the raw 
products must come from a rather large region, a consider
ation which in many cases implies that the produce will be 
subjected to the same wastage as occurs in distribution to 
fresh markets and also implies correspondingly higher 
costs. Additional costs that must be considered are the 
packaging material (tinplate, plastics, paper), the amorti-

zation of the machinery and building, etc. As a rule, 
however, the cost of processing will be cheaper than when 
the food is preserved at home. 

The optimum size of processing plant for each region 
certainly could be determined. Would it not be advisable 
to stimulate such research in the field of the preservation 
of perishable foods? It is not only a question of the opti
mum size of plant. Even more essential is the determi
nation between immediate processing or storage. Several 
intermediate stages with shorter storage periods or pre
liminary preservation of raw products (e.g., freezing in 
barrels, brining, etc.) can be distinguished, in order to at
tain the ideal-a preservation factory operating the year 
round. I think all experts agree that one of the big dif
ficulties in the processing of perishable foods is their 
seasonal character. Many improvements could be made 
with techniques already available. 

Data on Swedish Food Preservation 

(Tons) 

1938 1939 1940 1941 1942 1943 1944 194.5 1946 
Dairy products 

Fresh milk consumed 459,023 494,367 519,500 610,512 855,273 963,192 940,625 939,628 939,908 
Preserved milk and cream 2,967 3,408 3,977 3,858 3,040 6,557 6,134 10,624 12,052 
Condensed (evaporated) milk 2,042 2,377 2,225 1,915 1,832 2,215 2,408 2,620 2,259 
Dry milk. 925 1,032 1, 752 1,943 1,208 4,342 3,726 8,004 9, 793 

Fish products 
Fish, chiefly dry salted . 3,251 3,435 3,491 4,410 2,927 3,145 4,359 8,358 7,981 
Fish preserves (total). 14,352 16,428 12,704 16,268 13,498 15,471 12,196 15,630 17,243 

Anchovy . 3,989 4,382 3,820 5,345 5,486 6,774 5,461 6,149 4,645 
Tidbits. 5,471 6,495 4,688 3,876 1, 709 843 2,287 3,009 4,480 
Roe 588 573 590 405 678 868 
Sardines 1,508 1,920 2,532 1,736 2,016 2,050 
Fishballs . 3,506 1,152 3,525 1,336 2,640 4,043 

Fruit and vegetable products 
Canned fruits and vegetables (total) 6,694 6,829 7,619 6,974 9,487 10,210 6,472 9,693 10,417 
Canned fruits . 333 581 324 677 521 437 793 1,170 529 
Jam, stewed fruits, marmalade 2,836 3,806 4,914 10,400 17,858 15,3ll 17,189 19,286 21,463 
Canned vegetables . 6,361 6,248 7,295 5,318 7,553 6,345 3,332 7,158 7,540 
Pickled vegetables . 849 990 1,598 1,697 2,060 2,185 
Dried vegetables. 52 767 1,516 939 190 197 

·Canned meat products. 4,025 5,795 ll,435 12,445 1,530 1,705 1,965 1,327 2,199 

Australian Problems in the Preservation of Perishable Foods 

J. F. KEFFORD and W. A. EMPEY 

Between Australia and her most important overseas 
food markets in the United Kingdom lie 13,000 miles of 
ocean; and within Australia, long journeys overland are 
frequently involved in the distribution of foodstuffs from 
producing areas to points of consumption. Problems in 
the preservation and transport of foods are therefore of 
great importance in the Australian economy. In 1946-
194 7, exports of highly perishable foodstuffs, chiefly 
meats, dairy products, eggs and fruit, amounted to about 
530,000 tons, valued at over 53 million pounds sterling. 
In this short paper it is possible only to outline some 
ilf the problems that have been encountered and over-

come, in part, by the application of various methods of 
preservation, such as refrigeration, salt-curing, canning 
and dehydration. 

MEAT 

Out of an average annual meat production of 1 million 
tons, Australia exports about 200,000 tons, made up of 
53 per cent beef, 40 per cent lamb and mutton, and 7 
per cent pork. The State of Queensland contributes 90 
per cent of the beef exports and in addition supplies an 
increasing proportion of the beef consumed in the southern 
States. 
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Prior to 1934 beef was exported almost entirely in 
frozen storage, but the product failed to meet competition 
on the British market from chilled beef from Argentina. 
Then came the discovery by workers at the Low Tempera
ture Research Station, Cambridge, that "gas storage", in 
an atmosphere containing 10 per cent carbon dioxide, 
considerably prolonged the "life" of chilled beef. On this 
basis an Australian export trade in chilled beef was built 
up, until in 1939 it accounted for one-third of the quarter
beef exports. The normal sea voyage from Queensland 
ports to Great Britain is fifty to sixty days, a period at 
least double that for a voyage from Argentina. The 
successful gas storage of beef for fifty days depends on 
reducing the surface microbial contamination to low levels 
by rigid adherence to high standards of hygiene during 
slaughter, dressing and cooling, and on rapid cooling with 
high rates of forced air circulation (1, 2)1. One problem 
which awaits solution is a loss of "bloom", that is, a 
departure from the normal appearance, of the meat 
during the long voyage. 

Since 1939, war conditions and food rationing in Britain, 
requiring the most economical use of refrigerated ships, 
have almost eliminated chilled beef exports in favour of 
frozen beef. Greater importance therefore has been given 
to problems concerned with the quality of frozen beef. 
The outstanding quality defect is the formation of free 
fluid or "drip" when the product is thawed. More than 
twenty years ago Australian workers (3) showed that 
"drip" can be considerably reduced by extremely rapid 
freezing. But the rates of freezing required are impractic
able in relation to the freezing of normal units such as 
beef quarters. Irrespective of the rate of freezing, "drip" 
is closely related to the pH of muscle so that in general the 
higher the pH, the less is the "drip". This problem of 
"drip" and many others will be studied intensively in a 
research programme on meat freezing in which four or
ganizations in three countries are participating-the 
British Ministry of Food and Food Investigation Board, 
the New Zealand Department of Scientific and Industrial 
Research and the Australian Commonwealth Scientific 
and Industrial Research Organization. 

No less important than problems associated with the 
stored product itself are the engineering problems of 
design and operation which arise in refrigerated transport 
by land and by sea. Many studies have been made of the 
performance of refrigerated rail cars, particularly those 
used for the carriage of export frozen meat from the meat
works to the ship's sides and for the carriage of chilled 
beef from Queensland to southern markets. In refriger
ated ships, some typical problems investigated are temper
ature rises in frozen cargoes during the loading of a hold, 
temperature distribution in lower holds carrying frozen 
cargoes, and the control of temperature, carbon dioxide 
concentration and rate of evaporation in chilled beef 
lockers. 

FISH 

The Australian fishing industry, with a total annual 
catch of 40,000 tons, is small in comparison with many 
other countries and in relation to the length of the coast
line. The characteristics of the important Australian 

1 Numbers within parentheses refer to items in the bibliography. 

species of fish have been defined in relation to the three 
methods of preservation, freezing, canning and smoking. 
In frozen storage the main problems encountered are 
"drip" or loss of fluid from the frozen product after 
thawing, "denaturation" of muscle proteins leading to un
desirable changes in texture, and rancidity in the body 
oils, resulting in off-flavours. 

About 6,000 tons of fish are canned each year in Aus
tralia but there is a notable lack of species specially suit
able for canning. Investigations in this field have been 
directed chiefly towards the development of new packs to 
make use of less attractive varieties of fish and the im
provement of existing packs. 

Production of smoked fish amounts to less than 200 tons 
per year. Large-scale smoking of fish overseas is carried 
out mainly in cooler climates than those of the Australian 
mainland and Australian curers encounter difficulties due 
mainly to relatively warm and humid climatic conditions. 
Experimental work in air-conditioned tunnel-type kilns 
has defined the highest temperatures and humidities 
which can be used with Australian fish species and has in
dicated ways of obtaining satisfactory conditions in un
favourable weather. 

EGGS 

Australia produced about 120 million dozen eggs in 
194 7-1948 and exported 32 per cent of this total in various 
forms-eggs in shell (12.5 per cent), frozen liquid egg (17 
per cent), and dried egg (2.6 per cent) (4). 

In some shipments of shell eggs from Australia to the 
United Kingdom there have been large losses due to rots 
caused by certain types of bacteria. The incidence of 
bacterial rots depends upon several factors, but primarily 
on whether or not the eggs are cleaned prior to storage and 
on the method of cleaning. Unwashed eggs consistently 
show low losses in storage irrespective of whether the eggs 
are clean or soiled at the time of gathering from the nests. 
But eggs cleaned on various types of machines on poultry 
farms frequently show severe wastage, of the order of 20 
per cent. The deleterious effects of machine cleaning are 
due to the fact that the machines become infected with 
rot-producing types of bacteria which are transferred to 
the eggs and actually penetrate the shells. 

Under present conditions of poultry husbandry in Aus
tralia a considerable proportion of the eggs collected are 
soiled and some cleaning is necessary before these eggs are 
marketed. Therefore possible methods of overcoming the 
disadvantages of machine cleaning have been studied. 
Trials of disinfectant solutions in the machines failed to 
reveal a disinfectant giving uniformly satisfactory results 
under farm conditions. Greater success was achieved by 
pasteurization of the eggs in hot water, at temperatures 
between 140 degrees F. and 150 degrees F., either during 
or after cleaning. When the time and temperature of im-
mersion are controlled within certain limits it is possible 
to obtain very substantial antibacterial effects without 
any detectable coagulation of the albumen. Pasteur-
ization is effective in controlling wastage induced by ma
chine cleaning even when applied several days after 
cleaning. It does not have any adverse effects on internal 
quality in stored eggs, but rather some beneficial effects, 
in addition to the control of wastage, are observed. 
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Oiling the shells has been found to have almost no effect 
on the amount of wastage in stored eggs but it has some 
marked effects on internal quality which are being in
vestigated further. 

FRUIT 

Australia enjoys a range of climatic conditions which 
permits the production of a wide variety of fruits. Fresh 
fruit exports, however, are largely confined to apples and 
pears and these exports have been restricted in recent 
years owing to lack of refrigerated ships. In the 1945-
1946 season 15 million bushels of apples and 2.6 million 
bushels of pears were harvested and about 5 per cent of 
each of these crops was exported. 

The Jonathan apple has been more thoroughly investi
gated (5) than any of the other varieties in respect of cool 
storage and transport. Soft scald, the most serious storage 
disorder, is a low temperature injury which can be con
trolled by storage at 36 degrees F. for the first few weeks, 
followed by storage at 32 degrees F. Gas storage, at 36 
degrees F., in an atmosphere containing 5 per cent of 
carbon dioxide, greatly increases the storage life of Jona
thans, but further work is needed before gas storage can 
be safely recommended for other varieties. An out
standing fundamental problem is the great variability in 
the storage behaviour of fruit observed from season to 
season, from district to district and even from tree to tree. 

Another way of prolonging the storage life of apples is 
by the use of skin coatings of wax or oil applied by dipping 
the fruit in a solution or emulsion. This technique has 
been extensively studied for its effects on storage life and 
on the physiology of the apple. There is no doubt that 
yellowing and shrivelling can be greatly retarded and 
wastage from certain disorders reduced, but experimental 
results have been so variable that this promising new 
technique cannot yet be recommended for general use. 

The gas storage of pears at 32 degrees F. has been de
veloped to a stage where it can be successfully applied 
commercially {6). In an atmosphere containing 5 per cent 
of carbon dioxide, which can be built up and maintained 
by controlled ventilation of a gas-tight store, the life of 
some varieties may be doubled. The importance of prompt 
storage, quick cooling and the maintenance of uniform 
low storage temperatures has been repeatedly demon
strated. 

The Australian crop of oranges, lemons and grapefruit 
amounts to 6 million bushels per year, but because of 
serious wastage, citrus fruits are not exported to the 
United Kingdom in important quantities. Australia does, 
however, supply ::.rew Zealand with the bulk of her citrus 
requirements. \Vastage in Australian oranges in cold 
storage (7) consists mainly of serious skin blemishes of 
which "storage spot" is the most serious. Storage spot is 
due to low temperature injury associated with the activity 
of latent fungal infections in the skin. Although a great 
deal of information has accumulated on the effects of 
many factors on this type of wastage, its control still 
remains a problem. Mould also is often a cause of serious 
wastage, particularly at higher temperatures. The require
ments for its control are the avoidance of injuries to the 
skin and of contamination during handling operations. 

An important interstate trade exists in tropical fruits~ 

bananas, pineapples and pawpaws (papayas). Conditions 
for the successful carriage of bananas in louvred railcars 
from Queensland to Victoria and for subsequent ripening 
at controlled temperatures in the presence of ethylene, 
have been thoroughly investigated (8, 9). , 

Considerable interest is developing in Australia in the 
quick freezing of fruits and vegetables but commercial 
activity in this field is just commencing. Distribution of 
quick frozen foods is largely through special outlets, such 
as restaurants and aircraft victualling, and retail sales are 
restricted by the absence of low temperature storage 
facilities. 

CANNED FOODS 

For many years important quantities of Australian 
foods have been preserved by canning, notably meats 
(50,000 tons in 19,:17-19,18) and fruits, either as fruits in 
syrup (80,000 tons in 1947-1948) or as jams (88,000 tons 
in 1947-1948) (10). 

During the Scond World War large demands for feeding 
the Australian armed forces and those of her allies brought 
about a considerable expansion in the canning industry, 
not only in quantity of production, but also in the variety 
of products canned. In particular, the production of 
canned vegetables increased tenfold and about half of this 
expanded production has been maintained. The present 
output is around 50,000 tons per year, half of which is 
canned green peas. 

Having achieved stable production the vegetable can
ning industry is being encouraged to give attention to 
greater control of quality. With most vegetables, har
vesting at correct maturity is the most important single 
factor leading to good quality in the canned product. To 
assist accurate assessments of maturity in green peas, in 
the field and in the cannery, a convenient portable in
strument known as the Maturometer has been devised (11) 
and shown to give results closely correlated with other 
methods of maturity assessment. Methods of maturity 
prediction have been successfully applied to sweet corn, 
so that in spite of a lack of climatic uniformity in Austra
lian growing areas, it is possible to predict the optimum 
picking date with fair accuracy, ten days in advance. 

Fruit juice canning represents only a small section of 
the canning industry in Australia, tomato juice (860,000 
gallons in 1946-1947) and pineapple juice (230,000 gallons 
in 1946-194 7) (9) being the main products. Canning of 
orange juice was undertaken during the war years and 
production reaching 2 million gallons per season was 
achieved during several seasons. In addition to orange 
juice, grapefruit juice, blended orange and grapefruit juice, 
lemon juice, apple juice fortified with vitamin C and black
currant syrup were canned. \Vith the cessation of war
time demands juice production declined and at the present 
time citrus juice canning is confined to the Murray Valley. 

The Australian public consumes fruit juices mostly in 
the form of cordials (3 million gallons in 1946-194 7) (9), 
containing 20 per cent of pure fruit juice in heavy syrup, 
chemically preservatized, and diluted 'i: 1 for consump
tion. 

Recently it has been demonstrated that several tropical 
and semi-tropical fruit products can be satisfactorily pre
served by canning. Pa,vpaws (Carica papaya), bananas, 
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and rockmelons give palatable canned packs, particularly 
when combined with pineapple in a tropical fruit salad. 
Essential points of technique in canning these fruits are 
the use of acidified syrups and "calcium firming". Passion 
fruits products, which have an outstandingly attractive 
flavour, are also in substantial production. 

DEHYDRATED FOODS 

Sun-drying of vine and tree fruits and the manufacture 
of dried apples are well-established industries in Austra
lia. In the 1946-1947 season 74,000 tons of dried vine 
fruits were produced and 51,000 tons exported; the cor
r·~sponding figures for dried tree fruits were 5,000 tons and 
2,000 tons (12). 

When war-time shortages of tinplate and shipping 
space created a demand for foodstuffs of minimum weight 
and bulk, Australia, in common with many other coun
tries, undertook the production of dehydrated foods, par
ticularly vegetables, but also meat and eggs. Annual out
puts of these products in the peak years (1944-1945) were 
dried vegetables: 10,000 tons, dried meat: 3,000 tons and 
dried egg: 2,000 tons (4). 

Much investigational work has been carried out on the 
design of drying tunnels, on the suitability for dehy
dration of different varieties of vegetables, on the effects 
of processing techniques such as blanching, sulphiting and 
the temperature and duration of drying, and on the be
haviour of dehydrated vegetables under various storage 
conditions. Storage life is primarily determined by the 
storage temperature and the moisture content of the 
product. Gas packing is essential for some vegetables, 
such as carrots, whereas others, such as beetroot, keep for 
hng periods when packed in air. 

Production of dehydrated vegetables was not main
tained when the war ended and only one plant, in Tas
mania, is now operating. In some centres vegetable dehy
dration tunnels have been diverted to fruit dehydration. 
Apricots, peaches and pears dehydrated after blanching 
are products resembling sun-dried fruit but greatly su
perior in quality. Some preference, however, has been 
shown for unblanched samples which are quite distinctive 
in the dried state, being opaque and natural in colour, in 
contrast to the translucent appearance characteristic 
of blanched fruit. Discoloration during drying and sub-

Summary of Discussion 
The CHAIRMAN stated that some of the authors of 

papers on the subject under discussion had been unable to 
attend the meeting. Mr. Easter (Food and Agriculture 
( )rganization of the United Nations) would make a brief 
statement on the various documents on the subject. 

Mr. EASTER thought that the question of storage and 
preservation of agricultural products presented two sepa
rate problems: the first was that of the exporting coun
tries; the second, that of the importing countries or coun-
1 ries relying exclusively on their own production. 

Although the storage and preservation of grain was a 
hasic problem at the present time, other agricultural 

sequent storage is controlled by sulphur dioxide. Treat
ment with the fumes of burning sulphur has given more 
satisfactory results than the use of solutions of sulphites. 
An adequate initial sulphur dioxide content has proved to 
be the most important factor in determining storage life, 
moisture content being less important. It is also possible 
to produce glace fruit by dehydration and there are in
dications that the addition of sugar, especially non
reducing sugar, improves keeping quality. 

Thus, by research on the preservation and transport of 
perishable foods, in the many directions that have been 
described, Australia is endeavouring to contribute to the 
urgent present task of feeding less fortunate nations. 
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products such as legumes, fodder, etc., should not be 
disregarded. 

Mr. Easter stressed that while it was true that in some 
wheat exporting countries the wheat was stored and pre
served in an adequate manner, it was nevertheless a fact 
that in many other countries considerable losses occurred 
in that field. In the course of its various activities, the 
FAO had noted that the storage and preservation of agri
cultural products presented major problems in many 
different countries. 

In that connexion Mr. Easter cited the papers sub
mitted by Mr. Hukill, Mr. Cashmore, Mr. Virtanen and 
Mr. Govin. 
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It was clearly impossible to undertake a detailed study 
of the various matters dealt with in those papers. 

He felt, however, that it would be desirable to have 
similar documents available on the following questions: 
the control of rodents, the question of drying (the latter 
was perhaps one of the most important problems in 
tropical areas) and, lastly, the selection of the actual 
materials of construction. A number of countries were 
planning to increase their agricultural production. That 
would create a very serious storage problem for two 
reasons: on the one hand, storage possibilities were small 
or non-existent and, on the other, means of transport were 
quite inadequate to enable agricultural products to be 
moved to centres of consumption or of storage. 

Mr. BoRGSTROM presented his paper on the "Pre
servation of Perishable Foods". He stated that the pre
vention of waste was one of the surest ways to improve 
the world food situation; the methods at present in use in 
that field were, however, inadequate. In his own country, 
a considerable portion of the land was devoted to fodder 
plant cultivation. In that connexion, he referred to the 
document presented by Mr. Virtanen. The point at issue 
was to reduce losses to an absolute minimum. 

Mr. Borgstrom pointed out that the question of the 
quality of products and that of their conservation were 
closely linked. In his country, it was attempted to harvest 
the crops when the carbohydrate content of the product 
was at its highest; an earlier harvest made it possible to 
make use of fodder products possessing a particularly high 
protein content. 

With regard to the storage of wheat, the question was 
not merely how much wheat would be absorbed by the 
world market: there were other problems, such as that of 
drying in humid areas; if a sufficient number of dryers was 
not available in such areas, the problem of storage became 
still more serious. 

Lastly, taking up the subject of potatoes, Mr. Borg
strom recalled that they were of vital importance for the 
European countries. Their storage presented a problem of 
paramount importance. Losses caused by deficient storage 
amounted to approximately 20 per cent, and a still higher 
figure had been reached in certain years. 

Attempts were being made at the present time to store 
potatoes after drying. He believed that conditions under 
which tubers were transported from one continent to 
another or from one territory to another on the same 
continent were still more defective than the actual storage 
conditions. 

ed to between 12 and 15 per cent of the crop. A new 
problem had arisen in regard to seed potatoes: when the 
tops were destroyed to prevent attack by blight, the 
transpiration of the plant appeared to be arrested and the 
tubers had a high percentage of water at the time of 
lifting, which made storage and preservation more diffi
cult. This might explain the loss of large quantities of 
seed potatoes. 

Mr. BoRGSTROM admitted that losses resulting from 
potato storage were higher in Scandinavia than in the 
United Kingdom. The reason for that was that in Scandi
navia potatoes had to be stored from September until July 
of the following year. 

He stressed that when the tuber was lifted early from 
the plant, the development of the whole tuber was ar
rested. No protective layers were formed. The losses 
resulting from that method should be compared with those 
due to later harvesting. 

The CHAIRMAK drew attention to the paper on "Storage 
of Wheat in Underground Silos" by the National Come 
mission for Cereals and Grain Elevators of Argentina
This paper had been received too late to be reproduced. 

The Chairman regretted the absence of Messrs. J. F. 
Kefford and W. A. Empey of Australia and considered 
their paper on" Australian Problems in the Preservation of 
Perishable Foods" as read. 

Mr. L. B. HmvARD introduced his paper concerning the 
storage and preservation of perishable foods. 

He drew attention to the fact that all foods could be 
considered perishable, inasmuch as they were subject to 
deterioration by insects, rodents, micro-organisms, chemi
cal change and other factors. He mentioned particularly 
the extent of damage done in one year in the United 
States by rodents and insects as well as by fire. 

He drew the attention of the meeting to the passages in 
the document which dealt with the various methods for 
the storage and preservation of foods; in that connexion, 
he recalled that modern methods of food preservation 
dated from the year 1809, when Appert had invented the 
canning process. He then enumerated preservation 
methods by freezing and drying and the most recent 
method combining dehydration and freezing and com
monly called dehyclrofreezing. Lastly, Mr. Howard re
ferred to the sections of his paper dealing with food pre
servation through the use of chemical preservatives and 
spraying. 

Mr. W. H. CooK pointed out that in Canada most of the 
Miss LEITCH noted that as the control of disease in research on foods was carried out by Federal Departments 

animals and the production of pasture improved, con- in accordance with the methods outlined in a paper he 
servation of fodder plants to even out supplies became had presented jointly with Mr. Thistle. The principal 
even more important. Silage tended to replace hay. Re- methods of preserving foods were based on either the 
search was still needed on methods of making silage in destruction of the micro-organisms (canning), or in re
order to compare mineral acid silage with that made with tarding their growth rate by the addition of salt or other 
the addition of carbohydrate, with particular reference to substances (curing), dehydration, or refrigeration. Of 
their long-term effects on the metabolism of milk cows. these, refrigerated storage most nearly approximates the 

With regard to potatoes, Miss Leitch said that in Aber- palatability and nutritive value of fresh material. 
deen (Scotland) the question of losses of potatoes in store If foods were held at temperatures just above their 
had recently been studied. It was obviously serious; but freezing point {32 degrees 0 degrees C.), they could be 
losses in that field appeared to be less in the United King- divided into three general classes. First, those that could 
dom than in Scandinavia, although they possibly amount- be kept for only a few days {fish); second, those that could 
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he kept for about a month (meats); and third, those that 
could be kept for several months (certain fruits and vege
tables). If longer periods of preservation were required, 
it would be necessary to freeze the goods, and tempera
tures of 0 degrees F. (-18 degrees C.) are generally ac
cepted in the more advanced countries for this purpose. 
Even in these countries, however, it is difficult to provide 
for the long distance transport of frozen goods at tempera
tures approximating that used in warehouses. 

In consequence, in many countries there was a tendency 
to transport live cattle or to drive them to the slaughter 
house. In this connexion, he pointed out that there was 
a considerable loss of weight, which represented a loss of 
food. Improved transport conditions would therefore 
make a substantial contribution to food supplies. 

Miss LEITCH introduced the experience paper prepared 
by Mr. E. C. Bate-Smith on the "Preservation of Meat, 
Eggs, Fruits and Vegetables". 

For meat Mr. Bate-Smith appeared, on the whole, to 
prefer the method of freezing to chilling; the disadvantage 
of the latter method was that it preserved the meat for 
only a short period. In connexion with Mr. Cook's state
ment, Miss Leitch quoted that the meat of cattle led to the 
slaughterhouse on foot had a higher pH and did not keep 
so well. Quick freezing was the most desirable method. 
The problem then arose of cutting the meat into joints, 
which had to be done in a certain way for the British 
public. Meat to be delivered to the retail butcher as car
cases or quarters could not be quick-frozen. 

The most important difficulty in the preservation of 
eggs in cold store was the control of humidity so as to in
hibit the growth of moulds and, at the same time, to avoid 
excessive evaporation. Two methods of gas storage were 
used. Another method long in use consisted of dipping the 
egg in oil (oil dipping) and then placing it in cold storage. 
The advantage of that process was that it reduced evapo
ration to a considerable extent. 

The preparation of dried eggs had recently been 
studied. That method entailed a certain risk of infection. 
Pasteurizing eggs before drying appeared to be effective 
and worthy of extension. 

The preservation of vegetables appeared to be much 
more complicated than the preservation of fruits. 

Mr. BoRGSTROM said that much attention should be 
devoted to the question of improving methods of conser
vation, transport and handling of raw materials. In that 
connexion, he mentioned the recent expansion in the 

He wished to raise a point which he had not mentioned 
in his paper; the packaging materials. It was of primary 
importance at the present time, since the world was 
suffering from a shortage of tin and paper. He stressed 
that intensive study should be given to aluminium and 
new substitute products. 

In conclusion, Mr. Borgstrom raised the following 
questions for discussion: 

(I) Was it possible through preservation to meet the 
needs of the over-populated areas of the world and ob
viate migration? 

(2) How could preservation be managed most cheaply 
and in such a way as to ensure that the preserved products 
would be of the highest possible quality? 

(3) Comparison of various methods from the economic 
point of view. 

( 4) Correlation of problems of preservation and storage. 
(5) Should production not be organized in such a way 

as to meet the demands of the preservation industries as 
well as the need for fresh foods? 

Mr. HAMMOND, speaking on the subject of meat preser
vation, felt that the development of freezing as a method 
of preservation would provide a means of combating the 
meat shortage. In many countries livestock was main
tained beyond the time when it was fit for slaughter, so 
that meat consumption might be spread over the entire 
year. The immediate slaughter of such livestock and the 
storage of the meat would lead to an increase in available 
meat stocks. 

With reference to Mr. Cook's remarks concerning cattle 
being driven to slaughter on foot, Mr. Hammond pointed 
out that this method led to the loss of at least half the 
product. Other means of transport would result in a cor
responding increase in meat production and would not, in 
the long run, prove any more costly. 

Miss LEITCH wished to know which of the two methods 
canning or freezing, would be the more economical if 
Mr. Hammond's suggestion that livestock should be 
slaughtered when they reached the correct weight were 
followed. 

Mr. W. H. CooK expressed the view that meat preser
vation by means of freezing would prove cheaper than 
canning, since the latter method entailed considerable 
handling. Moreover, canned foods did not retain their 
natural flavour. 

manufacture of fruit juices. Canned fruit juice was much Mr. L. B. HowARD referred to the relative advantages 
easier to produce and to handle than products preserved of freezing and dehydro-freezing and pointed out that the 
in other ways. He emphasized that foods should be of process of evaporation of water consumed more calories 
superior quality if they were to be preserved. Not only than the freezing of an equal quantity of water, although 
should they be examined from the point of view of vitamin the calories required for the former were less costly than 
and protein content, but the output in vitamins and pro- for the latter. Generally speaking, in the absence of any 
teins per acre should also be studied. Vitamin and protein specific figures on the relative cost of the two methods of 
content differed in relation to the place of origin of the preservation, it would seem that the method of dehydro
product. For example, a fish caught in "Ylexico would freezing was satisfactory, in that the preliminary operation 
have an 8 per cent vitamin content, while the same species of dehydration was relatively easy and entailed a minimum 
of fish caught in Canada would have a vitamin content of destruction of the tissues of the processed product, and 
40 per cent. He suggested that the problem of food pre- the subsequent freezing operation was less difficult than 
servation should be studied with due regard for both the if the product were frozen directly, particularly in the case 
need to reduce expenditure and to achieve higher quality. of foodstuffs with a high water content, such as fruit. 

37!> 



UNSCCUR PROCEEDINGS: LAND RESOURCES 

Comparing the methods of freezing and canning, es
pecially when applied to pork, Mr. Howard admitted that 
it was difficult to preserve frozen pork, particularly ground 
pork, in view of the fact that the meat turned rancid over 
a period ranging from one to three months. This con
siderably lessened the preservation period of this type of 
meat. In the circumstances, therefore, it would seem that 
canning was better adapted to the needs of pork preser
vation. 

In that connexion, Mr. Howard wished to know whether 
:VIr. Cook was in a position to supply additional infor
mation. 

Mr. W. H. CooK stated that he was in possession of the 
results of a comprehensive study on the preservation 
period of pork, both fresh and cured. The results of the 
study showed that fresh pork could certainly be pre-, 
served for about forty days if it was kept at a temperature 
ranging from 30 to 40 degrees F. Lower temperatures 
resulted in a longer period of preservation. He felt that 
the preservation of pork in its natural state, i.e., fresh, was 
satisfactory, since if it were frozen and kept at a tempera
ture of 10 degrees F., it could be preserved for a period of 
six months without danger of rancidity. 

Mr. HAMMOND pointed out that Great Britain imported 
large quantities of frozen pork from Australia and New 
Zealand. The meat was cured and converted into bacon 
upon arrival in Great Britain. That procedure had not 
shown any disadvantages. 

Studies had revealed that the food given to pigs was a 
very important factor in the matter of the meat fat be
coming rancid. 

Mr. BoRGSTROM referred to :VIr. W. H. Cook's remark 
that the disadvantage of canning lay in the fact that the 
processing required was costly. He pointed ont that the 
food had to be prepared in any event, and if that was not 
clone in the factory it would have to be clone by the house
wife. The processing could certainly be clone more ef
ficiently and economically in the factory, for it should be 
borne in mind that the preparation of food at the family 
level involved considerable waste; another advantage 
\~.:mild be the saving in time for the housewife. The fact 
that the period of preservation extended from the time of 
production to that of consumption should be taken into 
consideration when assessing the merits of the various 
methods of preservation. 

Mr. W. H. CooK referred to the observations sub
mitted by Mr. Hammond with regard to British imports 
of pork from Australia, and Miss Leitch's references, when 
presenting the paper from Mr. Bate-Smith, to the acid 
content of pork. In the course of a visit to Australia, 
Mr. Cook had noted that in that country pigs were first 
placed whole in a room kept at freezing temperature, and 
were later cut, then cured or frozen. He wished to know 
whether pork thus processed had proved satisfactory in 
Great Britain. 

Mr. HAMMOND replied in the affirmative. 

wished to draw the attention of the experts to the need to 
attach special importance to simple and economical 
methods of preservation adaptable to widespread use in 
under-developed countries and likely to contribute to the 
solution of some of their economic problems. He referred 
particularly to the use of chemical or mineral products to 
prevent the deterioration of grain. He further mentioned 
the need to provide for local storage centres as an inter
mediary between the great modern warehouses and the 
very rudimentary warehouses. 

Mr. Schimmel raised some additional points on his own 
behalf and suggested that in assessing the merits of any 
given method of preservation, a distinction should be 
made between the nutritive quality of the foodstuff thus 
processed and its palatability. Some methods of preser
vation, while in no way· detracting from the nutritive 
quality of the product, did alter its taste. It might perhaps 
be useful, in such cases, to educate public taste. 

In conclusion, he emphasized that methods of preser
vation should be adapted to local conditions and resources, 
with a view to reducing costs to a minimum. The techni
que of freezing, for instance, must vary in different coun
tries in relation to local power resources. It was in that 
way that the problem of perfecting low-cost freezing could 
be solved. 

Mr. EASTER pointed out that the FAO attached special 
importance to the various points raised by Dr. Mukherjee 
and Dr. Schimmel. A distinction must be made between 
toxic and non-toxic dusts in products for the protection of 
foodstuffs, especially grains, from spoilage caused by in-

. sects and rodents. Non-toxic dusts showed good results 
in dry countries only; they had proved satisfactory in the 
southern areas of Egypt, but much less so along the coast. 
The use of toxic dusts (DDT etc.) raised various toxico
logical difficulties, particularly in the case of bread grains. 

The FAO was studying the problem closely, especially 
from the point of view of under-developed countries, since 
exporting countries were in a better position to overcome 
those disadvantages. Yet even in the latter the problem 
still existed. 

The FAO was also studying the question of establishing 
medium-sized storage centres. It was quite evident that 
in countries like Honduras, where communication was 
difficult, it was more satisfactory to treat and store pro
duce locally. Warehouses of that type would be intended 
chiefly for grain and the principal question was that of 
protection against insects and rodents. 

Mr. W. H. CooK pointed out that in many establish
ments dealing in dairy products, large quantities of skim
med milk were wasted. Such a waste was deplorable, 
since skimmed milk was rich in nutritive elements, par
ticularly proteins. 

Mr. L. B. HoWARD admitted that losses of skimmed 
milk were, in fact, considerable. He pointed out, however, 
that in the farming regions of the mid-western part of the 
United States, attempts were being made to rectify that 
fault: in some cases, the skimmed milk was transformed 

Mr. ScHIM:YIEL transmitted the views of Dr. Mukherjee, into powdered skimmed milk and used in the baking in
Director of the Indian Agricultural Research Institute, dustrv and in other cases the buttermilk was concentrated 
who was unable to attend the meeting. Mr. Mukherjee and s~nt to farms where it was used to feed livestock and 

380 



STORAGE AND PRESERVATION OF AGRICULTURAL PRODUCTS SUMMARY OF DISCUSSION 
- -·--~··--~···--~···--~···---··----···--·---

poultry, after the addition of vitamins A and D. It was 
probable that a large number of small factories dealing in 
dairy products did not have the equipment necessary for 
the manufacture of powdered milk by the modern process 
of "spray-drying", but some of them were succeeding in 
producing a skimmed milk of inferior quality used in the 
baking industry. Casein, a residual product of the milk 
industry, was used in the manufacture of paper and other 
products. 

~1r. Howard called attention to the fact that, in cases 
where freezing and canning were not possible, the simplest 
means of preserving foods, particularly vegetables, was 
brining or pickling. That method, which had developed 
during the war in consequence of the scarcity of metal for 
the manufacture of containers, was inexpensive; but it 
obviously did not result in products of a very high quality. 
Another method, dehydration, required a certain amount 
of equipment. 

Finally, concerning the remarks of Dr. Schimmel on the 
distinction between the nutritive quality and the palat
ability of preserved foods, Mr. Howard stated that the two 
were often very closely connected; that was particularly 
true of ascorbic acid retention. 

.Mr. HAM:VIO"'D gave particular stress to the importance 
of the problem of the distribution of milk in the tropics. 
Milk consumption in those areas was at present low, be
cause of the difficulty of distributing fresh millL It ap
P•"ared that the pasteurization method, satisfactory in 
temperate zones, did not produce good results in the 
tropics, and that it would be necessary to perfect a less 
costly one well adapted to the climate. 

Mr. BoRGSTROM, intervening on the question of milk, 
s1 ressed the current tendency towards the consumption or 
preservation of whole milk, as opposed to the making of 
b·ttter. 

He thought that the problem of the distribution of milk 
in the tropics might find its solution in the process of re
constitution of milk from powdered milk, a process which 
had been very carefully studied and was already being 
applied commercially in Mexico. 

Finally, concerning the palatability of preserved food
stuf-fs, he was of the opinion that methods of preserving 
foods should aim, not so much at keeping the natural 
flavour of the product~for that flavour was changed in 
any case during the process of preparation~as at giving it 
a pleasing taste. If that aim were accomplished, it was un
likely that there would be any difficulty in making the 
product acceptable to the public. He too thought that 
palatability and nutritive quality were closely associated. 

Mr. L. B. HowARD wondered if it were really possible 
to preserve eggs in the shell satisfactorily by the freezing 
process. 

Miss LEITCH was not in a position to answer that 
question; she believed that the Eskimos preserved eggs in 
the frozen state. 

She recognized the importance of the palatability of 
foods and recalled the difficulty with which the British 
people, accustomed to Danish bacon from pigs raised on 
milk and grain, had become accustomed to less palatable 
bacon from other sources. But the problem of palat
ability was secondary to a much more important one, that 
of the preservation of perishable foodstuffs in under
developed areas. The F AO was rightly giving its attention 
to that problem. 

Regarding the problem of distributing milk in tropical 
areas, she suggested that methods based on traditional 
processes of souring might perhaps be used when a larger 
quantity of milk was available than at present. 
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Livestock Improvement in the United Kingdom 

R. G. WHITE 

ABSTRACT 

The Ministry of Agriculture and Fisheries; the Department of Agriculture for Scotland; and the Ministry of Agri
culture for Northern Ireland have official schemes (a) to prevent the use of sires which are inferior and are likely to 
produce inferior or defective stock, (b) for giving grants to encourage clubs and societies to provide for their members 
high-class stallions, bulls, and boars-rams in a few special cases. 

Milk recording is carried on with Government assistance. Recently, schemes for the ready utilization of the milk 
records for progeny testing and similar work have been instituted. 

Artificial insemination was started in 1942. There are now more than seventy centres and sub-centres. Nearly 
300,000 cows were inseminated in 1948. 

The work of breed societies is of fundamental importance since pedigree animals must either be used, or are given 
a strong preference in the official schemes. 

Research. Work on various aspects of animal physiology-reproduction, growth, milk production, nutrition-at a 
number of centres has contributed greatly to livestock improvement. Developments in the control of disease of all kinds 
of stock, have meant lengthened effective average life, and have provided increased scope for effective selection. 

The Animal Breeding and Genetics Research Organization was established by the Agricultural Research Council in 
1945. Headquarters are in Edinburgh in close association with the University Department of Animal Genetics. For 
work with farm stock, field breeding stations are being established in various parts of Great Britain. Use is also being 
made of records and statistics obtained from various organizations and societies as well as individual breeders. 

DIRECT GOVERNMENT ACTION 

The three Government Departments--the Ministry of 
Agriculture and Fisheries, the Department of Agriculture 
for Scotland, and the Ministry of Agriculture for Northern 
Ireland-have schemes designed to secure progressive im
provement in livestock which, in all three areas, is by far 
the most important section of their agricultural economy. 

The schemes of the threeJDepartments differ in scope and 
detail according to special circumstances of the area for 
which each is responsible, but the main features are com
mon to all, and may be summarized as follows: 

(a) Schemes to prevent the use of sires which are inferior 
and li!?ely to produce inferior or defective stoc!? 

These provide that male animals may not be kept entire 
beyond a certain age unless they have been approved by 
the authority appointed for that purpose. 

Stallions are given special attention to ensure freedom 
from defects and unsoundnesses believed to be capable of 
transmission from sire to progeny. 

Bull licensing schemes vary somewhat, especially as 
regards the emphasis placed on milk records and the system 
of assessing the merits of bulls for use in dairy herds. 

Boars are judged mainly on appearance, but attention is 
directed to evidence of ability to transmit fecundity and 
good milking qualities to progeny. It is hoped that at 
some future time, the results of litter testing and progeny 
recording will be available as additional evidence of the 
fitness of a boar to be retained for breeding purposes. 

In some cases, but by no means all, it is a condition of 

certain common lands and mountain areas on which flocks 
of many owners graze together. Schemes are in operation 
there to prevent any owner using rams considered likely 
to produce offspring unsuited to the conditions of the 
particular grazing concerned. 

(b) Schemes designed to secure the use of better sires than 
would otherwise be employed 

The majority of farms in the United Kingdom are small, 
and herds of cattle and pigs are usually not big enough to 
warrant the purchase of a highly priced and may not 
justify the keeping of a bull or boar at all. The purchase 
of a stallion is of course out of the question for all but a few 
breeders. 

For many years, therefore, there have been in operation 
schemes designed to encourage the formation of societies 
and clubs and to help them to purchase high class bulls 
and boars and to hire good stallions. Assistance usually 
takes the fonn of grants towards the initial purchase and 
the subsequent maintenance of approved sires, but, alter
natively-for instance, the crafting districts of the High
lands of Scotland-the Department may hire out bulls 
which it has acquired for this purpose. 

For these special communities of very small holdings the 
Scottish Department also hires out rams, and Northern 
Ireland has schemes of premiums both for Lowland and 
Hill sheep, but with these exceptions sheep are not pro
vided for. Sheep are usually kept in sufficient numbers to 
justify the keep of a ram-which is moreover much less 
burdensome than the maintenance of a bull or even a boar. 

licensing that a sire be a pedigree animal. In general, it MILK RECORDI:.-<G 

may be taken that a strong preference is given to a pedi- Milk recording is, obviously, an essential basis of work 
gree animal, so that these official schemes to a great ex- on the improvement of dairy cattle. The earliest scheme 
tent depend on the work of the various breed societies. in the United Kingdom was started in the Ayrshire cattle 

No similar official schemes have so far been brought into district of south-west Scotland, where, under the Scottish 
operation for rams except in a few special cases such as Milk I{ecords Association, milk recording in Scotland is 
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still centred. The association is maintained partly by pay
m:nt of members' subscriptions, and partly by grants 
from Government sources. In England and \Vales, a 
similar scheme was for many years carried out under the 
auspices of the Niinistry of Agriculture, but in 1942 the 
work was reorganized on a national scale and responsi
bility for the collection and utilization of milk records was 
undertaken by the Milk Marketing Board with the aid of 
Government grants. 

Until comparatively recently, the use made of milk 
records was rather limited, though their value in the 
rationing of cattle and their advertising value in the sale 
of breeding stock was generally appreciated. Recently, 
however, the need for a more scientific use of records has 
come to be realized, and their value in such work as pro
geny testing is now beginning to be exploited. The largest 
of the three organizations (that is, the one in England and 
Wales) has set up a Bureau of Records, which, in course of 
time, will make it possible to obtain readily the records of 
the progeny of any particular animal, and will also enable 
information to be extracted from the records on many 
questions of breeding and management. 

fn Scotland and in Northern Ireland, similar develop
ments are being made. Of cows in milk-selling herds, about 
25 per cent in Scotland and 18 per cent in England and 
\Vales were recorded in the last recording year. 

ARTIFICIAL IXSE:1<11NATION 

In England and Wales the development of artificial in
semination has been remarkably rapid. The first artificial 
insemination centres were started as recently as 1942. In 
the year ended March 31st, 1948, the total number of 
cows inseminated was nearly 390,000-or 16.8 per cent of 
th•: dairy cow population. 

Probably the main reason for this rapid development is 
the large number of small herds, and the consequent desire 
to avoid the keeping of a bull. At the same time, there is 
also the hope that artificial insemination centres will be 
able to place at the disposal of their members bulls of 
greater genetic merit and higher price than those which 
ev-en a large farmer would be disposed to buy for a com
m.:·rcial herd. 

In Scotland, where dairy herds are, on the whole, bigger 
than in England, and where a larger proportion consists of 
pedigree cattle, artificial insemination has been taken up 
less readily, but one centre is now operating and others are 
being established. 

In ~orthern Ireland, also, artificial insemination has 
only recently begun to operate. 

In all three countries, Government Orders require every 
artificial insemination station to be licensed, and prescribe 
the conditions under which it may operate. Breed socie
ti<'s have also various regulations governing the entry of 
pEdigree calves produced by artificial insemination into 
their official registers. 

BREED SOCIETIES 

For nearly all of the many different breeds of farm live
st•JC!c in the United Kingdom, there is a recognized breed 
society. Such societies vary enormously in numbers, 
financial strength, and the responsibilities they assume in 
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connexion with their respective breeds. Nearly all socie
ties publish a breed register recording the entries of young 
animals, which thus become "pedigreed". Most of them 
have drawn up an official description of their ideal animal, 
together with a list of defects which disqualify for entry. 
Possibly, the societies exercise their greatest influence on 
"type" by selecting the Panels of Inspectors and Judges to 
officiate at the chief shows and sales. 

Many societies are not satisfied with this formal work, 
and feel that they, as well as the breeders working as in
dividuals, must do more to stimulate improvement by 
constructive breeding. This activity is specially noticed 
in the societies responsible for dairy cattle, where it is pos
sible to keep records, not only of ancestry, but also of per
formance. Nearly all single purpose dairy breeds, and 
some of the dual purpose breeds, now hav-e schemes for 
various kinds of registers of merit based on performance 
and progeny tests. 

Such schemes are not so easily arranged in connexion 
with other kind of stock, but various kinds of competitions, 
carcase tests, litter records and so on are becoming more 
common. 

A few of the breed societies have "closed" books-i.e., 
animals may only be registered if their parents are al
ready registered, but more of them allow, and even en
courage "grading up". 

Some sheep societies have systems of flock registrations 
combined with various methods of inspection, to avoid the 
work involved in registering individually the large number 
of lambs born in a big flock each year. 

The proportion of pedigree animals in a whole breed 
varies very considerably, especially with sheep. Some 
breeds are kept almost entirely with the object of pro
ducing sires for crossing purposes. In such, a large pro
portion of the total number will be registered. In others, 
where the direct production of milk or meat is the main 
interest of most breeders, only a very small proportion of 
the total may be pedigree. But, even there the influence 
of pedigree animals is great because of the preference given 
to them, both in official schemes and by private breeders 
making their purchase of sires. 

EDUCATIO~ 

The subject of livestock breeding and improvement 
now receives fuller recognition than formerly in the 
systematic courses of instruction provided in farm in
stitutes, agricultural colleges and the agricultural depart
ments of universities. At the farms attached to these, 
demonstrations and experimental work with various kinds 
of livestock form an important part of their activities. 

Breed societies spread knowledge of the characteristics 
and capabilities of their respective breeds in a variety of 
ways such as periodic gatherings and demonstrations ad
dressed by well-known breeders and judges. They co
operate with young farmers' clubs in arranging demon
strations, judging competitions and other means of stimul
ating interest in the improvement of stock. 

Livestock is one of the most important and attractive 
features of agricultural shows, which thus make a sub
stantial contribution to educational work on the subject. 
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RESEARCH 

Livestock improvement is affected by so many fields of 
research that it is necessary to mention not merely develop
ments in animal breeding and genetics. The work at 
Cambridge on the physiology of reproduction and growth 
is known to breeders, as well as to scientists, throughout 
the world. Researches of the National Institute for Re
search in Dairying at Reading and of the Hannah Dairy 
Research Institute at Ayr have many important bearings 
on the physiology, nutrition and management of dairy 
cattle. Similarly, the Institutes at Aberdeen, Belfast and 
Cambridge studying nutrition of farm animals have done 
much to place the rationing of livestock on a satisfactory 
basis. 

In another field it is impossible to over-estimate the 
value which breeders have received from research in re
cent years hy the great advances in the control of diseases 
of every class of stock. The lengthened effective life thus 
secured has enabled animals of proved breeding merit to 
be retained for longer periods than formerly, whilst the 
control of such diseases as abortion has resulted in a larger 
proportion of live offspring from breeding stock. 

RESEARCH IN ANIMAL BREEDING AND GENETICS 

The part played by British scientists in the develop
ment of genetics, now one of the major branches of bio
logical study, is well known. The study of the application 
of genetics to animal breeding in the United Kingdom, has, 
however, been seriously hindered by the two world waro,. 
In 1913, the University of Edinburgh considered the possi
bility of starting an institute of animal genetics, but it was 
not until after the war that this was opened under the 
directorship of Dr. Crew in 1920. In 1939, war again cut 
down activities to a minimum. 

In 1944, the Agricultural Research Council reviewed 
the whole field, and decided to set up a National Organ
ization for Research in Animal Breeding and Genetics, 
which came into existence towards the end of 1945. Al
though the new scheme is not confined to Scotland, its 
headquarters are in Edinburgh, and one of the links with 
the University is the appointment of the organizations' 

chief geneticist as professor of animal genetics in the 
University. 

The research programme of the organization includes 
both fundamental work in genetics, with small labora
tory animals, and with farm stock (excluding poultry) for 
which field stations are to be established in suitable locali
ties in various parts of Great Britain. Those already se
cured include a dairy cattle station in Staffordshire, and a 
pig-breeding station near Edinburgh. 

Among projects in operation or contemplated in the 
near future for field stations are: 

1. Test of a continuous system of crossing three im
portant breeds of dairy cattle: Friesians, Ayrshires and 
Jerseys. 

2. Research on twin calves. Results already obtained 
in the collection of one-egg (identical) twins have sug
gested that the proportion of such calves is similar to that 
found by workers in Sweden and New Zealand. A pre
liminary experiment is being conducted to secure a meas
ure of their utility in genetical research and to obtain 
ready means of identification. 

3. Tests of systems of breeding with pigs~inbreeding, 
outbreeding, crossbreeding~using two breeds, one (large 
white) predominating in carcase merit, the other (one of 
the saddlebacks) in prolificacy and mothering qualities. 

4. Studies of hill sheep including adaptations to rigor
ous conditions and the relative effects of heredity and en
vironment. 

In addition to planned experimental work with both 
laboratory and farm animals, statisticians and geneticists 
are engaged on analysis of results obtained from of-ficial 
organizations, breed societies and individual breeders. 
These investigations include such subjects as: 

(a) Defects and abnormalities which appear to be ge
netic in origin ; 

(b) The efficacy of progeny tests with various kinds of 
stock and under different conditions; 

(c) Co-operation with artificial insemination centres in 
testing bulls by comparison of daughter-dam records; 

(d) Sterility in bulls; 
(e) Dynamics of livestock populations. 
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Poultry Breeding in the Netherlands 

J. G. TUKKER 

ABSTRACT 

In 1933 a law was passed for the improvement of poultry breeding which compelled all sections of the industry to co
operate. The object of this legislation is, in the first place, to make it possible for the authorities to influence the number 
of poultry kept in the country, and in the second place to improve the quality of the stock. 

The measures taken for improvement of the poultry are, in the first place, a regulation which limits the season 
allowed for incubation; in the second place, the minimum weight of hatching eggs is specified; thirdly all measures are 
taken to ensure that as many eggs as possible of the best strains are used for hatching. 

To ensure the use of hatching eggs from the best strains, a rather elaborate system has been worked out. The 
regulations make a difference between "accredited pedigree breeders", "licensed producers of hatching eggs" and 
"licensed hatcheries". The pedigree breeders concentrate on improving the all-round quality of the poultry stock; the 
licensed producers of hatching eggs receive their stock from the accredited pedigree breeders, and deliver during the 
hatching season all their hatching eggs to the licensed hatcheries. The regulations have been in force for over fifteen 
years, and everything is now running to schedule. 

The result of all this work is that, after five years, the number of laying birds was reduced by 3 million head; the 
number of eggs produced per year increased by 500 million, while at the same time about 130,000 tons less feeding-stuffs 
per year were consumed. 

In 1933 all sections of the poultry industry, with the sanitation led to the spread of many diseases. As all 
assistance of the Government, embarked upon a revo- hatcheries advertised that they sold chicks from the very 
lutionary line of action, with the result that, after five best strains only, farmers did not trust any of them any 
years, the number of laying birds was reduced by 3 million more and bought the chicks where they could get them 
head; the number of eggs produced per year increased by cheapest, and the really good chicks could not obtain the 
500 million, while at the same time about 130,000 tons less higher price which was necessary. 
feeding-stuffs per year were consumed. This remarkable These developments led to a rapid deterioration in the 
result was the outcome of a final reorganization of the quality of the poultry stock in Holland, and reached an 
poultry industry after much trial and error. alarming stage during the years 1931' 1932 and 1933. 

In olden days poultry was kept on most farms without About that time the intitiative was taken to help the 
any system, and the hens scratched about the manure poultry keepers and to lead the poultry industry into 
heap often till they died of old age. It is a well-known better channels. Prior to this, however, societies of paul
fact, however, that the production of a hen diminishes try keepers had often taken the intitiative for improve
with its age. Another factor of importance is that pullets ment of the poultry industry. 
produce relatively more eggs in autumn and winter than In 1926 a committee was appointed by them to study 
older hens. After this became generally known, economic the question of control in poultry farming. The result 
considerations tended to reduce the average age of the was an improved system of laying control which worked as 
hens kept on Dutch farms. and it is now usual that nearly follows: All farmers who wished to enter the scheme had 
all commercial birds are killed after the second laying to supply a number of hatching eggs. These hatching eggs 
year. The poultry population, therefore, is practically were collected at random by an official inspector, and the 
renewed every two years. method of collection should give a guarantee that the 

For my story I have to go back to the war of I 914-1918. sample obtained was representative of each farm. These 
During this war and immediately afterwards, the special- eggs were all hatched at the same time in the same hatch
ized poultry farmers were, at the same time, the suppliers ery, those of the heavier breeds a bit earlier than those of 
of most of the day-old chicks. The hatching eggs were the lighter breeds, and the chicks were reared at a central 
produced, if not entirely, at any rate the large majority of station. From the pullets, seven were drawn by lot and 
them, at their own farms. Hatching took place in small kept there for the trials. The originators of this scheme 
incubators, usually with a capacity of 100 to 400 eggs. thought that all faults in the old system were eliminated 
About 1920 larger incubators were introduced, and from as, firstly, all pullets entering the trial were of the same 
that time the number and size of incubators increased age, hatched at the time most suitable for its particular 
rapidly. breed; and secondly, the method by which the hatching 

The specialized hatcheries in Holland date from that eggs were procured guaranteed that the seven hens were a 
time. Some of these have an egg-setting capacity of many truly representative sample of all hatching eggs sold from 
hundreds of thousands. These large hatcheries could not that farm in that year. Therefore, it was felt that, by the 
produce sufficient hatching eggs for themselves, and results of these improved laying trials, the quality of the 
hatching eggs were bought from other farms. .Many breeding stock of all the farms entered in this control 
specialized hatcheries ceased to keep breeding stock. scheme could be judged. 

The accumulation of chicks coming from a large number This system was sponsored by a well-known geneticist, 
of farms without any control on conditions of health and but a careful study of the results obtained, bearing in 
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mind all the other information known about the various 
farms, strengthened the doubt in its validity. A decision 
was taken to test the system by statistical calculations. 
The conclusion was that it was impossible that the figures 
obtained from seven pullets could give a correct picture 
of the productivity of the farm from which they came. 

Tribute must be paid to the initiative and co-operation 
of the poultry keepers, particularly of the leading breeders, 
for the improvement of the poultry industry in Holland. 
Execution was very difficult, however, as many of the 
rank and file breeders would not co-operate, and there 
was no way of forcing them to do so. Therefore, in 1933 a 
law was passed for the improvement of poultry breeding 
which compelled all sections of the industry to co-operate. 
The object of this legislation is, in the fmt place, to make 
it possible for the authorities to in11uence the number of 
poultry kept in the country, and in the second place to 
improve the quality of the stock. Every year a large 
proportion of the birds are killed, and at the same time a 
large number of replacements are reared. 

By regulating the number of eggs set for hatching, it is 
possible to in11uence the poultry population. Replace
ments consist chiefiv of chicks hatched in incubators; the 
number of chicks ha'tched under broody hens is very small 
indeed. By strict supervision and control of artificial in
cubation, it is possible to determine exactly the number of 
the replacements. Today I will not talk about the effect 
of the restriction of incubation, but will concentrate upon 
the improvement in the poultry. The measures taken in 
this respect are, in the first place, a regulation which 
limits the season allowed for incubation; in the second 
place, the minimum weight of hatching eggs is specified; 
thirdly all measures are taken to ensure that as many eggs 
as possible of the best strains are used for hatching. 

The period for hatching has been chosen in such a way 
that the chicks are hatched at the most favourable time of 
the year for them. The permitted hatching season in the 
Netherlands has been as follows: 

In 1934,from 13 January to 3May; 1935, from 15January 
to 17 May; 1936, from 20 January to 10 May; 1937, from 
18 January to 8 May; and 1948, from 1 January to 9 May. 

Hatching eggs which are too light as a rule produce 
small and weak chicks which, later on, again produce 
small eggs. Therefore the minimum weight allowed for 
hatching eggs is 57 grammes. 

To ensure the use of hatching eggs from the best strains, 
and to improve the average production and quality of the 
poultry population, a rather elaborate system has been 
worked out. The regulations make a difference between 
"accredited pedigree breeders", "licensed producers of 
hatching eggs" and "licensed hatcheries". The funda
mental principle of these regulations is a division of the 
work of improving the breeding stock and the procure
ment of replacements for the egg producers between the 
three different groups. The pedigree breeders concentrate 
on improving the all-round quality of the poultry stock; 
the licensed producers of hatching eggs receive their stock 
from the accredited pedigree breeders, and deliver during 
the hatching season all their hatching eggs to the licensed 
hatcheries. It stands to reason that it takes time to de-

velop such a structure. The regulations have now been in 
force for over fifteen years, and everything is now running 
to schedule. 

There are about 200 accredited pedigree breeders, 4,000 
licensed producers of hatching eggs, and together they 
supply 90 per cent of all eggs set in incubators. The other 
10 per cent are chiefly eggs which are hatched entirely by 
farmers for their own replacements which may not be sold 
as day-old chicks. 

ACCREDITED PEDIGREE BREEDERS 

As already stated, there are about 200 accredited pedi
gree breeders. To become a pedigree breeder it is necessary 
to meet very high standards. Should it become apparent 
that he is a failure as an accredited poultry breeder, then 
his name is removed from the list. 

All accredited pedigree breeders must submit their birds 
to a severe selection and culling. Only those which come 
up to the very high standard are passed and are given an 
official wing band. All other birds must be removed from 
the farm at once. 

All chicks hatched on the farm of a pedigree breeder 
must be given at once a numbered wing band which is 
received from the Poultry and Board. Day-old 
chicks sold by a pedigree breeder can therefore be traced 
back to him by the number and letters on the wing band. 
The chicks reared on the farm itself for replacements are 
inspected when they are four to five months old. Only 
pullets and cockerels individually hatched from specially 
selected pens and which pass the standard for confor
mation will receive, at that age, an official numbered wing 
band. All other pullets and cockerels which have not been 
marked in this way must be disposed of before a certain 
date. The production of the remaining pullets must be 
controlled from the first egg that is laid. 

One of the regulations is that on 1 February, all pullets 
whose production is less than the stipulated minimum 
must be removed from the farm. The breeders are not 
permitted to use electric lighting during this period. How
ever, by forcing the production of pullets in this way, the 
quality of the hatching eggs laid is impaired. For hens 
which are a year older the use of electric light is permitted 
from 15 December. In this way the production is advanc
ed slightly without impairing the quality of the eggs, as 
the birds have had a long rest period through a moult, and 
in this way more hatching eggs are produced from two
year-old hens during the breeding season. 

On 1 February the pullets are culled for winter produc
tion. Trap nesting continues, however, for the remaining 
birds until they are one and a-half years old. Again, birds 
with a yearly production below the fixed standard have to 
be removed and may not be kept for a second year. 

The accredited pedigree breeders, moreover, have to 
keep a set of records. 

The accredited pedigree farmer is under the continuous 
supervision of qualified inspectors. They control not only 
the housing and management, but also the condition of the 
birds, etc., and they remove immediately all birds which 
are not up to standard. This inspection reveals at once if a 
breeder who has been accredited does not possess sufficient 
knowledge of or interest in his job to keep up to standard, 
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in which case he may eventually be removed from the 
register. 

Furthermore, all buyers of hatching eggs and day-old 
chicks from accredited pedigree breeders are asked every 
year about the results obtained, as the proof of the pud
ding is in the eating. The answers give a clear picture of 
the quality of the chicks delivered by the breeders. 

The 200 pedigree breeders have at present about 
125,000 head of poultry. They are distributed over the 
whole country. 

LICE~SED PRODUCERS OF HATCHI~G EGGS 

),Jow we come to the licensed producers of hatching eggs. 
Birds on these farms must be of good quality, and ob
tained directly from pedigree breeders. Furthermore, 
housing must be adequate and a large run must be avail
able. The birds should be on free range or have at least a 
run of 15 square metres per adult. By our system the 
licensed producers of hatching eggs become more and 
more the sole source of replacement of the commercial 
flocks in Holland. 

These farms again are under constant supervision, not 
only with respect to housing and management, but also to 
diseases and general condition of the birds. All the birds 
on these farms come from apparently productive strains, 
and must have been procured as chick or pullet directly 
from a pedigree breeder. The cockerels also may be pro
cured only from pedigree breeders, and in their case much 
higher standards are required as regards pedigree. 

On these farms the birds are kept under the most 
nctiural conditions and, as already stated, free range or 
v:~ry large grass runs must be available. During the winter 
months electric lighting which results in an increase in 
production but a decrease in value for hatching, is not 
a:Jowed. This structure of the poultry industry with the 
pedigree breeders on top, followed by special selected 
farms which produce the hatching eggs for the replace
ments of the commercial egg producers, has been in force 
now for fifteen years. It has therefore been in operation 
long enough to prove its value, and whereas, at first, 
many poultry breeders were not too happy about the con
tinuous supervision and control of their activities, it has 
been recognized that this system has saved the poultry 
industry in Holland from extinction, and has enabled the 
farmers to build up and maintain a poultry flock which is 
amongst the most prolific and healthy in the world. 

HESULTS OF THE POULTRY-BREEDING PROGRAl\IME 

I should like to give you now some details about the 
r••sult of all this work. Each individual farmer is allowed 
freely to deploy his skill and knowledge of poultry breed
ing as long as results are above the minimum standards 
laid down by the Board. As regards supervision in prac
tce, the farmers look forward to the visits of the poultry 
inspectors and instructors from the Poultry Board whose 
t.-chnical knowledge and good theoretical background is 
often of great assistance. 

Let us look at the hatching, the rearing, the spread of 
tlle egg production over the year, the average egg weight, 
and the total egg production in the country. Before the 
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war, about 23 million eggs, including all breeds together, 
were set in incubators. The average hatching results of all 
breeds were as follows: 

Per cent 

White Leghorn . 65.5 
Rhode Island Red 64.3 
Barnevelder . 61.2 
Other breeds . . . 64.1 

If we divide eggs according to source, then those from 
the pedigree breeders and licensed producers of hatching 
eggs give a hatching result of 65.1 per cent, while the eggs 
set for individual farmers give a percentage of 58.8. 

As far as rearing is concerned, there were manv com
plaints about poor rearing results with high m~rtality 
amongst the chicks before legislation came into force. 
Today, there are practically no complaints, and although 
we have no exact statistical information on the subject, it 
is an undeniable fact that the present-day chicks are much 
better than before 1933. 

As far as the spread of the egg production over the year 
is concerned, the autumn and winter egg-production in
creased, while the peak in the spring, which is always a 
nuisance, is flattening off. The top production in Holland 
is in the nineteenth week of the year at the beginning of 
.May. Before 1933 the production during this week a
mounted to 3! per cent of the total yearly production, 
while at present it is less than 3 per cent. The lowest 
production week of the year is the first week in November, 
and this is at present I per cent of the total yearly pro
duction, while formerly it was only .5 per cent. Also the 
average weight of the eggs has increased during this 
period. In 1934 at one of our packing stations it was 57.8 
grammes; in 1939 it had increased to 58.9 grammes. In 
another packing station in 1934 it used to be 58.9 gram
mes, and by 1939 had reached the average weight of 59.6 
grammes. The number of eggs concerned was 200 million 
per year for the first station, and 25 million for the second 
station-sufficiently large quantities to warrant mention. 

The most spectacular result is the rise in the yearly 
production of our flocks. In 1934, the first year about 
which we have exact figures, the adult stock numbered 
17,ll7,000, which produced together 1,878,000,000 eggs. 
In 1939 the number of adult stock had decreased by 3 
millions to 14,692,000 which produced a total , of 
2,383,000,000 eggs. The 3 million birds which had been 
eliminated would have consumed feeding-stuffs costing 
millions of guilders, and we still had an annual production 
of 500 million more eggs than five years earlier. 

This remarkable reversal of a branch of the livestock 
industry from going rapidly downhill to such a pitch of 
efficiency in the short space of five years, was brought 
about by close and intelligent co-operation between the 
individual poultry breeders, poultry keepers' associations, 
the Poultry and Egg Board, the Government advisory 
system and the veterinary profession. 

When the objective was properly understood, the most 
loyal co-operation was given by the entire industry be
cause, apart from some unavoidable restrictions, it leaves. 
sufficient scope for individual enterprise. 
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Poultry Population in Holland and Total Production 

Year Chicks Older Domestic egg No. of Total of 
hatched birds consumption eggs eggs 

exported produced 

l934 17,422,000 17,117,000 1,100,000,000 778,401,000 1,878,401,000 
1935 13,018,000 15,463,000 1,100,000.000 782,697,000 1,882,697,000 
1938 16,197,000 13,447,000 1,100,000,000 1,077,000,000 2,177,000,000 
1939 18,110,000 14,692,000 1,100,000,000 1,283,000,000 2,383,000,000 

.Progeny Testing Stations and Livestock Improvement 

KNUD ROTTENSTEN 

ABSTRACT 

Some system of progeny testing becomes indispensable, if the most rapid improvement of livestock is to be realized 
Special progeny testing stations for swine have been in operation in Denmark in the last forty years. The data from 
these stations give an objective picture of the progress made during this period. The progress made cannot be attri
buted entirely to the work of the testing stations, but these have certainly played a very important part, especially for 
the traits which can be ascertained only by the slaughter test. 

A similar progeny station testing scheme for cattle has been introduced by the Danish A. I.-centres, mainly because 
-changing feeding conditions made the usual daughter-dam comparisons misleading. Selection among the daughters is 
not so likely to introduce errors in the new system as in the old one, either. The first progeny testing stations for cattle 
were opened in 1944, this year twelve stations testing twenty-four bulls are in operation and a considerable expansion of 
this work is planned for the coming year. 

For a number of characters the progeny test is un
equalled as an aid in selecting parents that are likely to 
produce the most desirable offspring. Official stations for 
testing the progeny of boars have been in operation in 
Denmark from 1907 except for a few years interruption 
during the first world war. The goal aimed at in swine 
breeding during this period has been clearly defined: The 
production of a thrifty, prolific pig, which was an efficient 
feed converter and had the quality of meat which met the 
demand of the English bacon market. 

The attempt has been to keep the feeding and manage-

ment of testing stations uniform throughout the years 
This objective, due to varying circumstances, has been 
only partly fulfilled before 1926. After 1926, however, 
conditions at the five official testing stations have been as 
uniform as it is humanly possible to make them. The pigs 
tested have been bred by authorized breeding centres, of 
which 250 are in operation to-day. A number of characters 
have been measured, and others which do not lend them
selves to measurements have been scored. In the following 
table are given the average figures for the more important 
characters for the period 1926 to 1948. 

Changes in Different Characters of the Danish Landrace 

Number Daily Dressing Per cent Thickness in Length Score for Feed units 
Year of gain Per cent- Export em. of body bacon per kg. 

animals 20-90 age Bacon ------- zn c1n. type ga~n back 
kg. fat belly 

26-27 2160 623 72.8 59.5 4.05 3.06 88.9 12.2 3.44 
27-28 2476 643 72.7 59.8 4.02 3.08 89.1 12.3 3.38 
28--29 2332 667 73.3 60.0 4.00 3.14 89.2 12.3 3.34 
29-30 2064 634 73.0 59.7 3.94 3.14 89.4 12.3 3.39 
30-31 2632 639 72.8 59.8 3.83 3.17 89.9 12.5 3.37 
31-32 3048 639 73.0 60.4 3.66 3.23 90.7 12.6 3.35 
32-33 2771 633 72.9 60.3 3.62 3.26 91.2 12.6 3.35 
33-34 2796 630 72.8 60.2 3.54 3.26 91.5 12.6 3.31 
34-35 2696 624 73.1 60.3 3.56 3.25 92.1 12.5 3.35 
35-36 2748 623 73.0 60.3 3.53 3.26 92.4 12.5 3.31 
36-37 3160 628 72.8 60.2 3.49 3.26 92.8 12.5 3.28 
37-38 3004 647 72.9 60.4 3.51 3.30 93,4 12.6 3.26 
38-39 2696 647 73.0 60.5 3.48 3.30 93.7 12.6 3.24 
39-40 3268 656 73.1 60.7 3.48 3.31 93.8 12.6 3.22 
40-41 1728 654 73.0 60.5 3.43 3.30 93.6 12.7 3.26 
41-42 1836 648 73.1 60.5 3.42 3.29 94.1 12.6 3.33 
42-43 2236 647 73.3 60.7 3.42 3.32 93.8 12.6 3.25 
43-44 2484 638 73.4 60.8 3.44 3.32 93.7 12.6 3.30 
44-45 2296 633 73.1 60.5 3.39 3.26 93.7 12.5 3.31 
45-46 2548 635 7a.1 60.5 3.36 3.28 93.8 12.6 3.29 
46-47 2320 637 73.3 60.8 3.34 3.26 93.4 12.6 3.28 
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The give an idea about the breed characteristics 
and the changes brought about within the last twenty 
years. Only little progress has been made in daily gain 
and feed consumption per kg. gain. The reason may pos
sibly be the fact that attention has been directed more 
toward the quality of meat than toward the economy of 
gain on account of the keen competion on the English 
market. The two important points in the bacon pig, 
thickness of back fat and belly, have responded more. The 
average thickness of back fat was 4.05 em. at the be
ginning of the period, it declined to about 3.5 em. in 1936~ 
19:37, which is the aimed at. This character has, 
however, showed a tendency to a further change toward 
thinner back fat. Apparently the breeders are still 
favouring the pigs with thin back fat too much. 

It has proved to be a more difficult matter to change 
the thickness of the belly. The measurement was 3.06 at 
the beginning of the period and it increased to about 3.3 
around 1939 but no improvement has taken place the last 
7 or 8 years. 

The desired body length is 93 to 95 em. at a live weight 
of 90 kg., which was reached around 1938. At the be
ginning of the period the average body length was only 
88.9 em. For the last eight to nine years the average body 
length has been kept within the desired interval. 

The "dressing per cent" is the weight of the cold dressed 
meat, and the per cent export bacon is the weight of the 
"Wiltshire sides" in per cent of the live weight at slaughter. 
There are characteristics to which the breeders have paid 
only slight attention, but some improvement has taken 
place within the last twenty years, and it should be pos
sible to put more emphasis on these points after the opti
mum levels for more important characteristics, such as 
thickness of back fat and body length, have been reached. 

The score for bacon type is an expression of how close 
the general impression of the bacon side comes to the 
ideal. The score runs from 0 to 15. It has generally been 
considered an important point, and the breeders have un
doubtedly put some emphasis on it in their selection. The 
average score indicates that some improvement has been 
brought about in spite of the fact that effort has been 
made to keep the standard constant throughout the years. 
It is impossible to know exactly to what degree this has 
been achieved. 

The changes which have taken place in the Danish 
Landrace toward a bacon type meeting the demand of the 
English market cannot, of course, be ascribed entirely to 
the work of the progeny testing stations, but it is beyond 
doubt that the progeny testing system has played a major 
part in the improvement, and so far as such characteris
tics as the thickness of back fat and belly, dressing per 
centage and yield of export bacon, which can only be 
measured at slaughter, are concerned, the progress may be 
almost entirely attributed to the testing system. The 
economy of gain is another point for which it would be 
very difficult to make an effective selection, without some 
system of progeny testing. 

Body length on the other hand may be estimated quite 
accurately from the appearance of the live animals, and 
selection for body length may to a considerable degree 
have taken place on the basis of the live animal's 
appearance. 

The Danish breeding authorities and breeders are con
vinced, however, that the official progeny testing stations 
have played a big part in shaping the Landrase into a 
bacon breed of a high standard, and in order to give the 
progeny a >vider scope, the first step was taken in 
1915 to make progeny testing available for breeders out
side of the authorized breeding centres. In that year an 
agricultural society in co-operation with the co-operative 
bacon factory opened the first local progeny testing sta
tion, which, up to now, has been followed by sixteen 
others. 

THE PROGE"'Y TESTING OF CATTLE 

The importance of proven bulls in cattle breeding is 
widely recognized. The use of artificial insemination has 
made it still more important that bulls with a good proof 
be available for the A.I.-centres. The proving of bulls by 
comparing the production of the daughters with that of 
their dams has served its purpose in the past, but certain 
disadvantages of this method have led the A.I.-centres in 
Denmark to try a new system of testing the sires. A 
group of daughters from a bull are brought to the testing 
station, where they are kept under conditions standardized 
so far as possible, and the average production of the first 
uncorrected lactation period of 304 days at this station 
serves as proof of the sire. 

A daughter group should consist of 20 animals and no 
group of less than 15 animals is admitted to the station. 
The first three stations were opened in 1945, and this year 
twelve stations are in operation testing 24 sires. The un
corrected average production for 38 daughter groups has 
been 9.096 lb. of milk, 4.36 per cent fat and 397 lb. of 
butterfat. The average production of the daughter group 
at the top was 11.186lb. of milk, 4.24 per cent fat and 4H 
lb. of butterfat, the group at the bottom averaged 7 .253lb. 
of milk, 4.26 per cent fat and 309 lb. of butterfat. The 
group at the top has produced 53 per cent more butterfat 
than the group at the bottom. There is thus plenty of 
room for further selection on the basis of progeny tests of 
the highly selected bulls used by the A.L centres. 

The chief advantages of the progeny testing scheme in 
comparison with the old method are: 

1. It is possible to prove bulls regardless of changing 
feeding conditions. This is the main reason for the open
ing of progeny testing stations. The two world wars made 
such drastic changes in the feeding situation in Denmark 
that it was impossible, for long periods at a time, to make 
any reliable progeny tests on the basis of daughter-dam 
comparisons. 

2. It is not possible to make any selection for pro
duction in the heifers chosen for the test. By the old 
system daughters from certain bulls had a tendency to 
disappear before they finished the first lactation period, if 
they made a poor start. 

:3. Heifers from untested dams are as usable for the test 
as those from tested dams. This is a big advantage in 
districts or countries where cow-testing is an uncommon 
phenomenon. 

4. It should be possible to get the bull proven at an 
earlier age. 
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The main disadvantages of the system are: 
1. It is costly, but the cost is not prohibitive for the 

A. I. centres, and the return for the money and effort spent 
could undoubtedly be increased if the number of animals 
in a test group were reduced. 

2. There is a danger of spreading diseases when the 
heifers are returned to the owners after finishing the test. 
It is mainly tuberculosis and contagious abortion one has 
to be on guard against. As these diseases become rare 
or are eradicated, the danger of disease transmission 
becomes negligible. 

3. The production of the dams cannot be taken into 
consideration. The nearer alike the average genetic value 
of the dams of the different test groups is, the less serious 
is this objection. In actual practice, where the heifers are 
recruited from nearly as many commercial herds as there 
are heifers in the group, there is probably not enough 
average difference in the dams to influence the validity of 
the test seriously. 

In balancing the pros and cons the balance should, 
under Danish conditions, be in favour of progeny testing 
stations or some system along that line. It may also be 

mentioned, that the progeny testing stations, aside from 
their primary object, have the following couple of points 
in their favour. In due course of time the data from the 
progeny testing stations should give fairly reliable in
formation about what has actually been accomplished 
through improved breeding, because the data are rather 
unaffected by environmental changes. The stations, 
furthermore, demonstrate for the farmers the importance 
of good feeding and care. When they notice that the 
heifers make much better records at the stations than in 
their own herds, many will make the deduction that the 
management at home is in need of improvement. 
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The Value of the Use of Artificial Insemination 
ED. SORENSEN 

ABSTRACT 

The author briefly describes the development and the rapid growth of artificial insemination in Denmark, where 
today over 500,000 cows, over one .. third ofthe whole cow population, are bred artificially, while the number of cows bred in 
bull organizations had never been over 200,000. The advantages of using artificial insemination are briefly given and the 
author holds that artificial insemination should be developed to a much higher degree in the cattle breeding of various 
countries, in order to increase the output of animal products. 

Finally, matters of international interest are mentioned-the working out of an international standard method of 
stating the conception rate and the fertility of the bulls, and international regulations concerning shipment of semen 
from one country to another. 

One of the most important advances in the breeding of 
domestic animals is the use of artificial insemination, a 
breeding method which is rightly being more and more 
adopted for cattle breeding in many countries. This new 
breeding method has been extensively adopted notably 
in countries where cattle breeding is pr-actised to a high 
degree, a fact which clearly shows that the use of artificial 
insemination must offer advantages far beyond the use of 
natural service. 

unknown breeding value. Inasmuch as the number of co
operative breeding associations had increased but slightly 
since before the First World ·war-only from 1,250 to 
1,350-the introduction of a new breeding method was 
necessary in order to obtain an effective improvement in 
the cattle herds of Denmark. Usc of artificial insemination 
by the breeding associations was obviously the answer; 
for after the reliability of the method had been thoroughly 
tested by a two-year trial, from 1936 to 1938, the use of 
artificial insemination had already spread rapidly through-

Conditions in Denmark may serve as a classic illus- out the country. This may be seen from the following 
tration of rapid adjustment to the new breeding method. table: 
Before the introduction of artificial insemination there Y Number 
were about 1,:300 cattle-breeding associations in Denmark ear of societies 

Number Number Number Cows Cows 
of herds of cows of bulls per herd per buJI 

owning about 2,000 bulls which naturally served about 1939 45 
200,000 cows. Besides these bulls, which, of course were 1940 78 

1941 85 
"proven bulls" with known pedigrees and records, a con- u142 86 
siderablenumberofgood bulls were privately owned; yet, 1943 90 

72,000 
27.399 1:n. 709 289 5.0 477 
36,944 189,438 400 5.1 474 
41,132 214,791 400 - " 5:n () ...... 
47,29H 246,945 413 5.() 642 

compared with the total number (70,000) of bull herds in 1944 96 
Denmark, the number of actually recognized and proven 19±5 99 

1946 99 
bulls was very small. That is to say, by far the greatest 1947 100 
number of the cows in Denmark were served by bulls of 1948 103 

57,4()5 343,367 4\l1 6.0 6[}9 
64,368 399,258 582 6.2 68(j 
71,1i62 447,61::1 654 6.3 684 
78,099 48ii,766 657 6.2 n9 
88,864 540,5:30 ()99 6.1 i73 
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As is evident from the Table, 540,000 cows and heifers 
were artificially inseminated in Denmark in 1948, or about 
4(, per cent of the total cow stock in 1948 of 1,4 72,000. 
The associations listed in the Table include the Union of 
Associations for Artificial Insemination in Denmark. Be
sides these associations there are some associations which 
do not belong to the Union; for that matter, artificial in
semination is intensively used by private owners of really 
good bulls who sell the semen for artificial insemination. 
The number of cows artificially inseminated yearly is 
therefore considerably higher than is shown in the Table, 
and it will not be long before half the cows in Denmark are 
artificially inseminated. 

As in Denmark, the use of artificial insemination is now 
practised to a considerable degree in other countries, not 
least in the United States. Increased use of this new 
breeding method can be easily understood when one thinks 
of the advantages it has over natural service. 

As for the main advantages of artificial insemination, 
it~ importance for breeding lies in the fact that proven 
bulls can be used for a greater number of cows than is 
possible with natural service. Table 1 shows that in Den
mark, on an average, one bull is used for 773 cows, but 
since the number of bulls belonging to the association also 
includes bull calves and immature bulls, it will be seen 
that one bull is used for a greater number of cows. Usual
ly, one bull is used for 1,500 to 2,000 cows or even more. 
This extensive utilization of the good bulls is a great in
centive for the owner of the herds to participate in the 
work of cattle breeding, the more so because he is put to 
no trouble; since the artificial insemination takes place at 
hts own farm, it is unnecessary for him to transport the 
cows to an association's bull. This in particular is of 
e~pecial importance to the small farmers, who have neither 
time to spare, nor money, for the transportation of the 
cows to the bull. The use of artificial insemination is thus 
aJt excellent means for engaging the small farmers in the 
work of breeding. In Europe, the cattle population very 
often consists of small herds; for instance, in Denmark in 
91) per cent of the herds there are only from 1 to 14 cows 
and the number of cows in these herds constitutes about 
6;) per cent of the collective herds of cows in Denmark. 
In other European countries conditions are somewhat the 
same, and with this distribution of the cows, artificial in
S("mination is exactly what is wanted, for it is obvious that 
there c::mnot be a bull in each herd. 

But the use of artificial insemination is not only of im
portance in breeding, it has also other advantages. Thus 
the use of artificial insemination is an important link in 
the war against contagious abortion. Before the use of 
a::tificial insemination it was the common opinion that 
st·xual contact was not very significant in the propagation 
of this disease. For example, no regulation existed in Den
mark at first concerning the use of bulls for artificial in
s<·mination. Shortly after artificial insemination had been 
i11troduced in Denmark, however, it was demonstrated 
that infected semen from bulls with acute brucellar in
fl:tmmatory processes in the glandula vesicularis, ampulla 
dnctus deferentis and epididymides had conveyed the in
f<dion to a large number of inseminated cows in herds 
previouslv free from brucellosis. After that, strict regu
hctions w~re made in order to prevent transmission of the 

SORENSEN 

disease by artificial insemination. The great number of 
cows annually inseminated in Denmark by bulls absolutely 
free from brucellosis, shows that artificial insemination is 
an important link in the fight against this disease. 

Artificial insemination is also of importance because its 
use is combined with regular inspection for pregnancy and 
treatment for sterility. In this way the cows are continual
ly under efficient control and normal pregnancy conditions 
are secured-a matter of primary significance in the econo
my of the herds. In this connexion it can be stated that 
since, in some countries, most of the infectious diseases 
have been almost eliminated, sterility is one of the princi
pal cattle diseases. Since the bulls are strictly controlled 
with respect to fertility when artificial insemination is 
practised, the cause of sterility need be sought for only in 
the cows. 

Finally it must be stated, that by using artificial in
semination a considerable saving in the bull herd is effect
ed; in Denmark, for instance, the bull herd has been 
reduced by almost one half, the number falling from 
69,000 to 39,000. Should cows replace the number of bulls 
no longer necessary, there would be a considerable increase 
in the production of milk and butter. 

These advantages which artificial insemination offers 
above natural service make it sufficiently clear that this 
breeding method should be used more and more as an 
ordinary breeding operation. With the experience we 
now have in the use of this method, it should be used to a 
far greater degree in the cattle breeding of various coun
tries, in order to obtain a thorough improvement in the 
herds so that a much greater production of animal pro
ducts could be obtained with the same number of animals 
and the same amount of fodder. It would be unwise for 
the State or the breeders of pedigreed stock to put difficu 1-
ties in the way of the use if this method; rather they 
should propagate it. At first the pedigree breeders in Den
mark were against the use of this method, as they were 
probably afraid they would not be able to sell their breed
ing bulls. Today, their resistance has entirely disappeared 
owing to the quite considerable rise in the price of the 
proven bulls, while inferior bulls cannot be sold for use in 
artificial insemination. The good price for the proven 
bulls has stimulated the pedigree breeders to take an 
active part in the use of artificial insemination. 

Besides being much used in the cattle breeding of 
certain countries, artificial insemination is also of im
portance in the cross-breeding between breeds of cattle of 
different countries today. Cross-breeding between cattle 
breeds of different countries is extremely expensive on 
account of the purchase and transport of breeding animals. 
Furthermore, the regulations of the different countries 
regarding import and export of animals make transport 
almost impossible; it IS forbidden in many countries to im
port cattle for fear of infectious diseases such as tubercu
losis, brucellosis, trichomoniasis and foot-and-mouth 
disease. In the cross-breeding between breeds of cattle of 
different countries, the use of artificial insemination should 
be an invaluable aid since, with the diluters and means of 
transport now in use, the transportation can be made 
quickly and safely, even over great distances, as several 
experiments have already proved. 
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To be sure, regulations must be drawn up for the ship
ment of semen so as to prevent the dissemination of in
fectious diseases. It would therefore be necessary for an 
international committee to formulate regulations con
cerning the shipment of semen. The code agreed upon 
should be put before the interested countries for their com
ment and eventually for their approval. 

Another item of international interest in this connexion 
is the working out of a standard method for expressing 
conception rate. The results of artificial insemination are 
significant not only to the individual breeding associa
tions, but also to a whole country, and to all countries 
where cattle are bred. If the conception rate could be 
expressed in the same way in each country, comparison of 
results would make it possible to obtain information on 
the fertility of the different breeds, and on the fertility in 
the different districts. Furthermore, these records would 
be useful in providing information on the causes of sterili
ty, which as mentioned before is now one of the chief 
cattle diseases, since measures have been taken to guard 
against infectious diseases. 

In addition to accurate records of the results of in
semination, a record should also be kept of the bulls used 
in the method. Thus, in Denmark, it has been observed 
that the fertility of the bulls varies considerably, even 
when their fodder is exactly the same. Further, it has 
been observed in certain cases that the bulls can be sterile 
even if changes in the semen cannot be traced. Nothing 
decisive is known of this form of sterility, but it is 
supposed that the cause is a filterable virus. Because 
various countries express conception rate in different 
ways, it would be preferable to adopt, by international 
negotiation, a means of reporting which would be ac
cepted internationally, thereby providing a sound basis 
for comparing the results of breeding methods. 

It is impossible in a brief paper to touch on the scientific 
tasks connected with the use of artificial insemination. 
With respect to publication of results obtained from artifi
cial insemination, it would be helpful if there were in 
existence an international reference periodical, making it 
possible to obtain speedily all new information on artificial 
insemination in animal reproduction. 

Reasonably Possible Rates of Improving 

Livestock by Breeding 
JAY L. LUSH 

ABSTRACT 

Selection and the choice of a mating system are the principal means of improving the heredity of farm animals. 
Migration is Important when races supposedly superior in merit can be found elsewhere and imported to improve the 
local stock. Progress per generation as a consequence of mass selection is expected to be the selection differential times 
the heritability of the characteristic for which the selection is practised. The selection differential is the difference be
tween the average phenotype of the parents and the average phenotype of the whole population from which they were 
chosen. The selection differential can be increased by concentrating more on the desired characteristic without making 
exceptions because of other characters and by any improvement in health or reproductive rates which will lower the 
fraction of the population needed for replacements. Heritability can be made higher by preventing environmental 
variations or by correcting accurately for their effects, and by paying attention to ancestors, collateral relatives and 
progeny. Dominance and epistasis shift the emphasis a bit more toward judging the individual by the average merits of 
its close relatives and less by its own merit. This emphasis on making families and selecting between them may be
come extreme if overdominance and epistasis are highly important. The possibilities are complex enough that pre
serving and improving the rare breeds should be encouraged. 

Selection and choice of a mating system are the main 
means of improving the heredity of a breed or other group 
of livestock. Mutations are too rare to be important in 
improving domestic animals at a rate which is economi
cally important. Few mutations are beneficial to man. 
The mutation from horned to polled in cattle is an exam
ple. The harmful mutations are much more numerous and 
are important merely in that the breeder must use part of 
his energies in repairing the damage they cause. 

Migration has been an important means of improving 
animals whenever what were supposed to be superior 
breeding stock could be found and introduced from else
where. For migration alone to change the population 
rapidly the rate of migration must be large and the im
migrants must differ distinctly from the native stock. 
Since migration is not fundamentally creative but merely 
tends in the long run to make the stocks alike, interest in 

long-time improvement centres mainly in the processes by 
which a race can be improved from within itself. Migra
tion remains important because and to the extent that 
progress will not be the same in all regions. 

Selection is letting different kinds of individuals have 
different numbers of offspring. To the extent that the 
kinds differ in what genes they have, this changes the 
frequency of those genes. So far as the effects of the genes 
are additive, the mean of the next generation exceeds the 
mean of the present one by dh2 , where dis the amount the 
parents exceeded the average of their generation pheno
typically and his the correlation between the individual's 
phenotype and its breeding value. The meaning of h may 

be clearer if h2 is written as ~ = G ~ E where Pis the 

phenotypic variance, G is the variance in breeding values 
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(called the "genic variance" hereafter) and E is the rest of 
the phenotypic variance. E would be wholly environ
mental if there were no dominance or epistasis. Because 
1' = G + E, h can approach (but not exceed) unity, as 
e:1vironmental variations are prevented or their effects 
are discounted accurately. This is the limit of what can be 
done by using pedigree, family selection, and progeny 
testing to supplement mass selection. 

If phenotypic merit is distributed normally and selec
tion is based wholly on phenotypic merit without any ex
ceptions, the maximum value which d could have is: 

~yiP- where b is the fraction which are saved for breeding 
b 

and z is the ordinate of the normal curve above which that 
fraction of the population would lie. If we write the 
amount of change or improvement which is made by a 

generation of mass selection as ~ h yc, this makes clearer 

the three things on which the rate of improvement de-

pends. The ; measures the intensity of culling if only 

those with the highest phenotypic values are saved. The h 
measures the accuracy of the selection. The G measures 
the amount of genic variation available for selection. If it 
were zero, as in pure lines, selection would make no im
provement. If it were large, as it would be if many 
different pairs of genes each had large effects on the pheno
type, then mass selection could make large changes per 
generation, if also h were large and b were small. 

LUSH 

to some replacement of breeds; i.e., to migration. The 
U.S.D.A. Yearbook figures indicate trends of the order of 
.04lb. per year from 1916 to 1946 in the United States but 
this may have included a little which happened merely 
because the sheep industry shifted more to the western 
states where there is more Merino blood. 

An example from dairy cattle will show the effectiveness 
of selection when only one sex can manifest the character. 
Suppose that yP is 80 lb. for fat production in a ten
month lactation, and h2 is .20. Let the selection consist of 
saving daughters only from the seven-tenths of the cows 
which have the highest records and sons only from the 
one-tenth of the cows whose records are highest. Then the 
dams of heifers will average 40 lb. above the average of 
their generation and the dams of bulls will average 140.3 
lb. above. But only one-fifth of this will be genic and only 
half of that will be passed from each parent to its calves. 
The net rate of improvement expected per generation after 
the system gets under way would be 4.00 from culling the 
daughters of low producers plus 5.04 from using sons from 
only the very highest producers. This 9.04 per generation 
is roughly 2 lb. per year, since the generation interval in 
dairy cattle is nearly five years. 

The actual trends in dairy production have been of the 
order of 1 to 2 lb. of fat per year in dairy states in 
the United States and in countries like New Zealand, the 
:Netherlands and Denmark, where dairying is an important 
branch of agriculture and the breeders presumably make 
considerable effort to improve. However, part of this 
trend may be from contemporary improvement in feeding 

Whether crossbreeding would increase G enough to and management. In general the observed trends look as 
make that worth while as an initial step toward rapid if the breeders were achieving much less than half as rapid 
further improvement is doubtful for naturally cross- improvement as expected if the values forb, hand P were 
fertilized species, although usually true for highly self- as postulated in these examples. 
fertilized plants, such as wheat, soybeans and cotton. The possible reasons for the trend being as small as it is 
Doubtless the answer varies from case to case and ac- deserve mention at this point. First, the actual intensity 
cording to whether the ideal desired is somewhat inter- of selection may be far less than postulated. The re
mediate between two or more existing breeds. Certainly productive rates, longevity and mortality of the species set 
the pure breeds are by no means pure lines. In most data biological limits on the smallness of b possible. Some 
yet examined the parent-offspring and half-sib resem- reduction in replacement rates can be wrought by im
hlances are large enough to indicate that the store of genic proving the health of the herds, by diminishing losses 
variance within the present breeds is still large enough for from accident, by prompt rebreeding, and otherwise in
moderately rapid progress to continue for many gener- creasing breeding efficiency. Artificial insemination can 
ations. decrease b for the males, although it does not affect b for 

For an example of how much improvement can reason- the females. If in the dairy example artificial insemina
ably be expected, let us consider the case of unscoured tion could be used enough to reduce b for the males from 
fleece weight in sheep. Suppose that yP is about 2 lb., .10 to .01, that would increase improvement by 3.52 lb. 
that h2 is about .3 and that the selection for fleece weight per generation. This is large enough to be worth some 
is as intense as saving the 5 per cent of the rams and the effort, although it is not phenomenal. In most cases the 
GO per cent of the ewes with the heaviest fleeces. Such in- most important factor in making the intensity of selection 
tense selection could be achieved only by selecting almost low is that through carelessness, unpreparedness, or 
wholly for fleece weight with little attention to anything paying attention to other things, the breeders let many 
else. Many breeders would feel that distinctly unwise. animals with high phenotypes be sold. Consequently 
With the figures postulated, we get .86 lb. per generation other animals with low phenotypes must be kept in place 
as the expected rate of increase in unscoured fleece weight. of these wrongly culled ones. Even a few exceptions of 
With the parents averaging between four and five years this kind will make the actual intensity of selection far 
old when the lambs are born, this amounts to increasing less than that which the biological limits on b would 
the average fleece weight of the flock about .2lb. per year. permit if selection were wholly and carefully for this one 

The actual trend in fleece weight in Australia appears to character. 
have been of the order of an increase of .03 lb. per year Second, the values postulated for h2 may conceivably be 
over the period from 1916 to 1946. It was somewhat too high, although they agree with most of the experi
higher in earlier years but perhaps a part of that was due mental studies published so far. If his to be made larger, 
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the mistakes caused by environment or dominance or 
epistasis must be reduced. Something in this direction can 
be done by preventing the environmental variations from 
occurring in the first place or by correcting perfectly for 
their effects if they do occur, and by basing the selections 
partly on the merit of ancestors, collateral relatives, and 
progeny tests. The limit of what could be achieved in that 

direction is to make progress 
1 

times as fast as by mass 

selection. In the two present examples that would ap
proximately double the rate of progress, but of course the 
limit in that direction cannot be achieved completely. In 
the dairy example, inability to observe the phenotype of 
the males makes progress just half as rapid as it would be 
if males could be observed as accurately as the cows. 

Third, it is imaginable that many of the desired charac
ters are negatively correlated with each other genetically, 
so that selection for one means at least a little automatic 
selection against others. Heritability of net merit would 
then be lower than heritability for each character con
sidered by itself. If that is so, the effective b and the 
effective h will be much less than was postulated in the 
examples. 

While the rate of improvement per generation by mass 
selection may be estimated with rough accuracy for the 
next few generations if one knows the actual intensity of 
the selection, the heritability of the characteristic, and the 
amount of phenotypic variation available, yet there is no 
means of forecasting even approximately the ultimate 
limits or ceilings to genetic improvement. Extrapolating 
the present rate of progress for tens of generations into the 
future is as risky as it is futile. It is risky because the 
amount of genic variance may change or some important 
epistatic interactions may be encountered. It is futile be
cause the next few generations will require time anyway 
and there will be plenty of opportunity for our successors 
to appraise the situation again at frequent intervals. 
Moreover, economic changes or changes in other com
peting or co-operating organisms are likely to revise our 
goals long before the genic variance is even noticeably 
diminished. 

Dominance and epistasis affect progress mostly as 
random environmental variations do but some differences 
become important when producing or crossing highly in
bred lines. If overdominance is common and extreme, the 
best procedure for improving the heredity of the stock ap
proaches the present pattern of hybrid corn breeding as 
closely as the biology and economics of the animal "rill 
permit. The first step is to produce as many inbred lines 
as feasible. Then these are tested in crosses with each 
other. Then those whose crosses are most useful are mul-

tiplied for commercial use. Further progress depends on 
making and testing more lines to find others which will 
perform still better in the best of the specific crosses al
ready found. The rate of improvement is irregular and 
unpredictable. The purified seed stocks will themselves be 
individually inferior. For breeding purposes they will be 
judged by what they do in crosses. 

If epistatic interactions between genes are frequent and 
important, progress will be less predictable than if all 
effects of the genes were additive. When epistatic effects 
are present, some of the gains made by selection will be 
temporary and will tend to disappear whenever selection 
is relaxed. If epistasis is important, the linebreeding form 
of inbreeding becomes more useful. In it the primary aim 
is to produce animals which are closely related to a highly 
admired recent ancestor. This increases the chance of 
retaining or recovering its excellence in its descendants. 
Inbreeding not helpful in building or keeping this relation
ship high is avoided. The inbred lines are built up less 
rapidly than would be advisable if overdominance were 
the main departure from additive relations among the 
effects of the genes. 

Both overdominance and epistasis lead to more empha
sis on the family as such and to correspondingly less on 
the individual. If epistasis and overdominance are im
portant, the procedure veers more in the direction of 
making families and lines and then seeing what one has, 
rather than of selecting individuals steadily toward a pre
determined goal. As the emphasis shifts from epistasis to 
overdominance the family or line is judged less on its own 
average individual merit and more on the merits of the 
crosses it produces. 

The multiplicity of genetic situations possible makes 
some effort to preserve the rare and minor breeds worth 
while. Efforts to make a single breed the only one kept in 
each region are contrary to the real interests of the public 
if those efforts lead to the extinction of minor races. Plant 
breeding, especially the search for genes which convey 
some disease resistance, has demonstrated abundantly the 
value of having diverse genetic races available in time of 
need. The only kind of a world in which concentrating on 
only one breed is to be encouraged, other than for imme
diate economic advantages in costs and convenience, is 
one in which all the genes combine their effects additively 
and it is known that standards of what is desirable are not 
going to change. The costs of maintaining living museums 
in which all breeds and strains would be preserved forever 
seem so high, however, that animal breeding seems unable 
to go as far in this direction as plant breeding can. That is 
for the future to determine. Here we can only mention the 
genetic desirability of encouraging those who are willing 
to maintain and improve the rare breeds. 
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Selection of Techniques for Improvement of Sheep 

R.B. KELLEY 

ABSTRACT 

Genetic improvement of livestock involves modifying the heredity of subsequent generations. This can only be 
done when parents mate and the degree of control likely to be achieved will depend upon the amount of genetic know
ledge which is available and upon the mating system employed. The first can be increased by planned experimentation 
or by mathematically determined estimates of heritability derived from the results of uncontrolled breeding. 

Skin folding or wrinkling is a characteristic of certain sheep. Instances of both procedures are given with respect 
to it and their findings are related. How information of this nature may be used to select breeding methods likely to 
effect this or other characters is discussed. Attention is also drawn to the possibility of concentrating the attempt upon 
a single character or a small group of related characters or upon a conceivable end-result which, like "reproductivity", 
expressed as a percentage lambing, is a composite result of a number of causes. 

INTRODUCTION 

Characterization in sheep is modified by environmental 
and hereditary causes. Only the second of these may be 
controlled by breeding methods and the application of 
genetic principles. 

Animal geneticists have, therefore, coined the phrase 
"proportion of characterization due to heredity" and have 
evolved statistical methods whereby numerical values 
m:ty be determined to provide "estimates of heritability". 
From such values, expressed as percentages, it is assumed 
that any breeding method implemented to modify a cha
racter will be more or less successful and appropriate de
pmding primarily upon the magnitude of the estimate. 

Another procedure whereby a breeding method could 
be selected for implementation would be direct experiment 
to determine the nature of the inheritance which controls 
the character. 

This experience paper describes such an experiment and 
its results. It relates the foregoing conceptions and dis
cusses the selection of breeding methods. 

EXPERIENCE ITEl\1: INVESTIGATION OF THE INHERITANCE 

OF SKIN FOLDING (WRINKLING) OF SHEEP 

Plan of procedure 

Mendel's technique of mating parents with opposed 
characterization was employed. Excessively wrinkled 
merinos and Border Leicesters which have no wrinkles 
wc~re chosen. With respect to skin folding these were 
regarded genetically as two nominally "pure lines". Their 
reciprocal matings gave rise to a first filial generation from 
which second and third generations were developed. Sub
sequently a backcross was made by mating the F1 to the 
wrinkled parental type. The work was carried out in a 
controlled environment and characterization in every 
g<·neration was expressed quantitatively from observa
tions made at a fixed age upon sheep born and reared in 
several succeeding years. By the method used, degrees of 
wrinkling could vary from zero to 27. Such values were 
ddermined as the aggregate of three scores, each from 
ztro to 9, which were used to classify wrinkles as they 
occured on the neck, body or breech, respectively. Similar 
observations were made upon a flock of pure-bred merinos 
maintained under environmental conditions similar to 
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those of the experimental sheep. This series of obser
vations was used for comparison. 

Results and Findings 

(a) Generations and their classifications 
For the present purpose it has been necessary to sum

marize the data. 
(i) Parental generation: Weighted mean scores of the 

Border Leicester parents of both sexes were zero. 
The mean scores of the merino rams, weighted by 
the number of progeny left by each, was 20.8. That 
of the merino ewes was 17.0 and the mean score for 
merinos, P2 in the experiment, was 20.0. 

{ii) First filial generation: (a) Progeny of merino rams: 
Scores of 158 sheep had a range of from 0 to 5 with 
1 as the modal (94) and 0 as the next to modal ( 42) 
classes. The mean score was 0.96. (b) Progeny of 
Border Leicester rams: Scores of 41 sheep had a 
range of from 0 to 1 with 0 as the modal (35) class. 
The mean score was 0.15. The mean of all F1 pro
geny was 0. 79. 

(iii) Second filial generation: Parents of the F2 were se
lected at random with respect to wrinkling from 
among F1 but theirmatings were arranged to avoid 
consanguinity. Two rams were used. Their scores 
were 0 and 2 respectively. Scores of the 34 ewes 
mated with the first ram (score 0) had a range of 
from 0 to 5 with 1 as the modal (19) class. Their 
mean score was 1.5. Those of the 68 ewes mated 
with the other ram had a range of from 0 to 3 with 1 
as the modal (38) and 0 as the next to modal (27) 
class. Their mean score was 0.67 and the mean of 
all dams was 0.95. 

The 102 F2 progeny from these two groups had a 
mean score of 0.86. Their scores had a range of 
from 0 to 6 with 0 as the modal (43) and 1 as the 
next to modal {:39) class. 

(iv) Third filial generation: The F2 ram had a score of 
1. He was mated with ewes having a mean score of 
0.93 distributed over a range of from 0 to 2 with J 
as the modal (39) class. 

Their progeny had a range of from 0 to 4 in 
which 1 was the modal (6) class. The mean score 
for F3 was Ui7. 
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(v) Backcross: The merino ram used had a score of 25 
points and was not related to his mates. They 
were 46 F1 ewes with scores ranging from 0 to 5 
among which 1 was the modal (30) class. The 
mean score of the 46 ewes was 0.87. ,16 progeny 
from this mating had a mean score of 4.42. The 
range of scores was distributed from 1 to 17 but 
they were concentrated relatively evenly in classes 
1 to() in which the frequencies were 5, 8, 6, 6, 7 and 

(vi) 
7 respectively. 
ContmUed merino population: A population of 104 
merino sheep, bred at random with respect to 
wrinkling, had a mean score of 7.48 with a range of 
from 1 to 18 in which ()was the modal (2'1) and 5 
was the next to modal (17) class. 

(b) Findings 

When these results were examined and the distributions 
tested for significant differences between them, a series of 
findings was made. They may be summarized by stating 
that the distribution of scores in the F1 generation was 
different from that of Pl and P2; it was also different 
from that of F2 and F3 which were relatively similar. 
Distribution within the backcross was also dissimilar; it 
was unlike that of any of the other generations and also 
unlike that of a group of merino sheep reared under com
parable conditions. Distributions of the experimental 
groups and these merinos were, therefore, of 7 kinds, 3 of 
which, namely those of Fl, the backcross and F2 and F3, 
were new. 

Discussion 

Under the experimental conditions, major similarities 
and differences within and between data from the several 
generations must have been inherent in the sheep. Folding 

Nevertheless, for the present purpose, these estimates 
may be broadly associated with the experimental findings 
reported here as classifications of the several generations. 
Under these conditions and from consideration of the 
range of their estimates, the conclusion reached by Hazel 
and Terrill appears to be inevitable. They suggest 
"changes presumably result from increasing frequency of 
the genes which cause neck folds". The experimental 
results stated above show conclusively that the three 
kinds of sheep, half-breds, three-quarter-breds and full
bloods (Rambouillet) should be expected to comprise 
different populations as was the case, in proven fact, of the 
Fl, backcross, P2 and merino groups. All such popula
tions differ in respect to the frequency of epistatic and 
hypostatic genes and of those responsible for the charac
ters. They are various samples, with particular gene fre
quencies, drawn from the maximal population which has 
at the extremes of its range sheep which are presumably 
homozygous for plain body and for wrinkling and also for 
epistasis and hypostasis respectively. As such, and when 
in an appropriate environment, their phenotypes would 
be the ultimate with respect to either of the paired charac
teristics. Hazel and Terrill reach a similar conclusion. 
They state that their estimates of heritability present "a 
graded series in which an increase in the incidence and 
size of neck folds is accompanied by an increase in varia~ 
bility and heritability". They quote Wright (1931) as 
their authority for stating ,"theoretically it would be 
possible to increase the incidence of neck folds by selection 
until genetic variability decreased due to approaching 
gene fixations at which time a relationship opposite to 
that noted above would exist between average incidence 
of neck folds and heritability". 

GENERAL DISCUSSIOX 

of the skin or wrinkling is a genetic characteristic of cer- Genetic improvement of livestock involves modifying 
tain sheep. The evidence, and more which has been with- the heredity of subsequent generations. This can only be 
held for brevity, indicates that the hereditary control done when parents mate and the degree of control over the 
operates in a quantitative, multi-factor situation \Vithin situation depends upon the amount of genetic knowledge 
which there are epistasis and intermediate heterozygous which is available and upon the mating system employed. 
types with animals having corresponding genotypes. Animals are composites of more or less independently 
Wrinkling and plain body are characteristics paired in the inherited characteristics. These may be considered singly, 
genetic sense with epistasis for genes responsible for plain e.g., polledness and hornedness or as relatively small and 
body. closely correlated groups, e.g., length of staple, thickness 

Published "estimates of heritability" vary. ~everthe- of fibre, nature of crimp and fibre population per unit of 
less, particular attention is drawn to those of Terrill and skin area wherein long, thick, slow-crimping and sparse 
Hazel because were made for several kinds of sheep. population appear to be associated with an opposite series 
In 1943 they reported 26 per cent and 32 per cent as of characteristics. A third possibility is that a number of 
estimates of heritability for neck and body folds respec- complex physiological conditions should be regarded 
tively. In 1946 they presented an estimate, for neck folds collectively as giving a conceivable end-result, e.g., all the 
only, of 38 per cent. These estimates were all derived reproductive functions, including lactation together with 
from what may be regarded as normal Rambouillet mat- the conditions governing infantile mortality and gains in 
ings in which both parents could be expected to be more body weight from birth to weaning as the composite "re
ar less heterozygous with respect to wrinkling. In the productivity" expressed in part as a lambing percentage. 
same year Hazel and Terrill (1946) reported the following The major problems of livestock improvement are to 
estimates for the heritability of neck folds only: Half- determine the optimal mating system to implement any 
breds, Columbias 5 and() per cent, Corriedales 1 per cent; selection bias and whether it should be related to indepen
Three-quarter-breds, Targhees 15 to 17 per cent. dent or associated characteristics or to composites. The 

Such estimates of heritability cannot be considered as material presented earlier discusses two procedures where
independent values. No estimate is applicable to another by genetic knowledge may be acquired for the first of these 
population unless it has similar heredity and has been determinations. The conception of proportion due to 
subjected to comparable environmental conditions. heredity is equally applicable to composites and to more or 

398 



LIVESTOCK BREEDING 

k ss independently inherited, characteristics. The other 
procedure is only applicable to specific or to related cha
ucters. The first estima tes heritability in a particular 
s Juation. The second explains all situations if and when 
hypotheses derived from particular experiments are 
t.:~sted with respect to validity for generalizations by 
estimates of heritability in appropriate populations. 

F rom evidence with respect to the magnitude of esti
mates of heritability, Lush (1940) suggests that, if the 
desired characteristics are highly inherited, then straight
out selection for them, based on appearance, will be the 
best method for their establishment. When the desired 
charact ers are weakly inherited high or low additive 
effects and high or low degrees of epistasis may also be 
observed. If heritability is low, and epistasis is also low 
but additive effects are high, then extensive use should be 
made of pedigree appraisal and of progeny testing com
bined with selection on a family basis. Inbreeding would 
only be useful to make families distinct or fully to employ 
results of the progeny t ests. If heritability is low and ad
ditive effects are slight but epist asis is pronounced, then 
inbreeding should be employed to create new and distinct 
lines which possess the desired characteristics. Selection 
for them should be practised wit hin each inbred group. 
Individuals from each should then be crossed with those 
from another group and the procedure repeated in an en
deavour to create new and advantageous composite lines. 

From the experimental evidence with respect t o plain 
body and wrinkling, selective mating for the two extreme 
types would produce either speedily . The same evidence 
suggests establishment of populat ions having interme
diate degrees of characterization would present a very real 

CALVO 

problem wherein uniformity within any population could 
only be achieved by culling extreme phenotypes. This 
would need to be carried out in each succeeding genera
tion . It is, in fact , the method now employed to control 
the variation inherent in heterozygous populations. 

The problem of considering single or associated charac
t eristics independently or of attempting to treat such com
posites as have been stat ed still remains. The Mendelian 
conception of independently inherited characters and its 
association with the related conception of linkage suggest s 
the former procedure. Furthermore, progress in any given 
direction will be progressively more speedy as the number 
of characters under consideration is reduced. It will be 
maximal when one character is isolated for improvement. 
If this is done, however, it should not be at the expense of 
basic requirements for all the remaining characterist ics 
which are essential for good or excellent animals. Never
theless, when sheep have high levels of characterization in 
all or a large number of respects, then concentration upon 
one characteristic, but perhaps involving several in as 
many separate groups, is the only method whereby further 
improvement is likely to be effected. The improvement 
may be made more general by eventually cross-mating 
t he groups which had been specialized with respect to 
single characteristics. 
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Adaptation of Stock to Environment and Improvement 

of Breeds by Crossing 1 

CESAR A. CALVO 

THE PROVI NCES OF NORTH-WEST ARGENTI:'\A 

In order to present a descriptive survey of our work on 
this subject we must first give some rather detailed in
formation about the environment in which it was done. 

T he North-Western corner of Argent ina, formed by the 
sixty-fourth meridian and the t hirty-fourth parallel, con
t ains all or part of the provinces of Mendoza, San L uis, 
Cordoba, San Juan, La Rioja, Catamarca, Tucuman, San
t iago del Estero, Salta and Juj uy. This rectangle encloses 
a total area of about 800,000 sq. km. forming an enormous 
wedge, which , starting from San Luis and Cordoba, gra
dually extends towards the north until eventually it ter
minates in a vast lofty plateau in the mountainous area of 
J ujuy. 

It is reasonable to suppose t hat in such an extensive 
region various types of physical features will be en
countered : small areas with t heir own peculiar character 

1 Original text: Spanish . 

are frequent; and a notable feature is the uninterrupted 
continuation from north to south of a very wide belt of 
country with dry soil, low hills and permanently blue 
skies. The main features and characteristics are the great 
differences in height above sea level, in temperature and 
in vegetation. 
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In this enormous area, the main mountain systems are 
the Cordillera of the Andes in the West; the central Acon
quya and Famatina ranges in Tucuman and La Rioja, and 
the Grande and Comechingones ranges in Cordoba towards 
the south. All these large mountain systems include 
numerous valleys of varying size and importance. Some 
have great potential wealth, others are very dry and of 
little value. 

Our North-West is furrowed by a large number of rivers 
and streams. Few of these benefit the area the whole year 
round. Some typical examples are the Rio Grande, which 
flows in Jujuy through the Humahuaca Ravine, the Rio 
Salado and its tributaries in Salta, the Santa Maria in 
Catamarca, the Sali in Tucuman and the Jagiiel in La 
Rioja. In spring, the season of thaws and showers, they 

lEGEND 

January iSOtherm ••• • ... • 

luty •sather,""'l - _ - - -

(p.m.) Menn cnnuol pressure 

Figure 2. Barometric pressure 

are imposing torrents; in winter they are modest streams 
or merely thick beds of stones and sand. 

As the above superficial account will not convey the 
necessary picture of the really important areas, we 
shall have to deal in more detail with those which for 
our particular purpose deserve description. 

Among the more interesting parts of this whole area, 
special mention should be made of the spacious Calcha
quies valleys. These embrace the foothills of the Andes 
Cordillera in the provinces of Catamarca, La Rioja, Tucu
man and Salta. They are broken plains between 1,000 and 
3,000 metres above sea-level, and are almost entirely 
carpeted with Bermuda grass, the principal forage crop. 
These valleys are sheltered, and though sometimes a 
hot and violent zonda blows, it does not last for long. 

Figure 3 
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July averages Figure 4. Mean rainfall in millimetres. January averages 

In some mountain areas we also find plateaux or 
pastures of marvellous fertility. Here are to be found 
luxuriant forage crops composed of Bermuda grass, clover 
(Tr~folium pratense) and a certain amount of cebadilla 
( Aristida sp.), which are in splendid condition from 
December to the end of May and sometimes in June. At 
this season, rainfall is very abundant and persistent, and 
transforms the fields into green meadows. It moderates to 
a certain extent the subtropical climate. 

The annual rainfall is considerable (700 to 1,000 mm.), 
but its irregular distribution partly counterbalances 
its volume. In the spring months, temperatures are 
from 10 to 30 degrees Centigrade and in winter from 
-3 to -10 degrees C. During the prolonged droughts 
which occur from June to November, the plants men
tioned look like a kind of dry and somewhat volatile 
s~raw. These pastures therefore have a very moderate 
opacity, averaging between 600 and 900 sheep per square 
kague. 
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Some of the high slopes display fine specimens of alders 
( Betulacea sp.), and on the lower slopes in the neighbour
hood of the water-courses are to be seen majestic weeping 
willows (Salix babylonica) and black poplars (Populus 
nigra). 

The northern zone ofTucuman and the adjacent south
ern part of Salta form a large grazing area with a few hills. 
Though bounded on both sides by majestic ranges, the 
area is very extensive and embraces various departments, 
especially in the province of Salta. Its fertility is so great 
that many farms and estates engage in high-grade agri
culture. The natural fodders are, first of all, Bermuda 
grass and clover, and the seasonal crops cadillo (Cenchrus 
muysuroides H.B.K.), camalote (Setaria argentina Harm), 
pasto avenilla (Bouteloua aristidoides H.B.K. Gris), ceba
dilla ( Aristida sp.) and plumerillo (Chloris sp.), which are 
at their best in the spring and the beginning of autumn. 

The quality, temperature (optimum almost throughout 
the year), rainfall and height of these pastures above sea-
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level suggest that all kinds of stock-raising could be at
tempted on them. Sheep can certainly be raised success
fully, for both meat and wool or for meat only. 

Another interesting portion of territory in our survey is 
the high plateau of Jujuy, some 3,500 metres above sea
level. The territory is made up of semi-arid plains almost 
inaccessible except throught the Humahuaca Ravine. 

More intensive work would be possible in the Depart
ments of Humahuaca and Cochinoca because of the densi
ty of their sheep population. In those Departments a sur
vey of the Ravine, the wide course of the Rio Grande en
closed by the steep walls of the Aguilar, Zenta and Tilcara 
mountain system, reveals a peculiar configuration. The 
soil consists of sand and limestone and in places of clay, or 
of mixtures of these with various minerals. Iron, copper, 
sodium salts and volcanic lava are particularly abundant. 
The declivities, gentle in some areas, are very steep 
throughout almost the whole of the Department of Hu
mahuaca. The vegetation of these slopes- green fields 
amidst the russet or pale stone- consists of natural and a 
few cultivated fodders. Among the former are peludilla 
( Bouteloua sp.), tola ( L epidophyllum phyllica~forme), 
jarilla (Larrea divaricata) and iro ( Festuca sp.), which are 
very abundant in the driest parts of the high plateau, and 
clover (Trijolit~m pratense) and Bermuda grass, which 
grow along the shores of lakes. Among the cultivated 
fodder crops are barley, oats, wheat and alfalfa, but they 
are produced in very small quantities by a very crude type 
of cultivation. 

To the environment we have outlined we should add the 
climatic conditions. Temperatures from - 5 degrees C. to 
35 degrees C., rainfall from 500 to 800 mm. and gentle 
winds complete a picture which I judge favourable for the 
raising of very hardy wool-producing sheep. 

All the centres of population are situated at some 
distance from the central highway; their main b usiness is 
the sale of wool or wool products, and their isolation is 
broken only by mule caravans. 

In Cordoba, the wide valley of the Calamuchita and the 
mountains surrounding it are probably the best area for 
sheep-breeding and the production of mutton and wool in 
the country of the" criollo ewe". This district is the south
eastern angle of the area we are studying, and it combines 
the following highly favourable conditions: 

Sheep population . . . . 500,000 head of Criollos 
Approximate area of pas-

turage .. ... . . . 5,000 sq. km. 
H eights above sea-level . . 800 to 1,000 metres 
Average minimum temper-

ature . . . . . . . . 2 degrees C. 
Average maximum temper-

ature . . . . . . . . . 25 degrees C. 
Approximate capacity of 

pasture per 2,500 hectares 1,000 head 

The production of wool, for example, is somewhat 
higher than in the other areas we have considered , but 
does not exceed an average of 1,500 kilogrammes. That is 
still another reason why we should a ttempt to develop this 
great centre of wool-producing sheep in the best possible 
conditions. 

We shall now proceed to a detailed description of our 
"criollo ewe", its products and their uses. 

LOCAL SHEEP 

We shall describe as local sheep or the "criollo ewe" the 
breed of wool-producing sheep which has a more or less 
uniformly poor physique and populates our north
western districts to an approximate number of 4 million 
head. 

Its origin in America goes back to the years 1600 to 
1700 when the Spaniards invaded the continent through 
Peru and the Rio de la Plata and their sheep multiplied 
naturally. The sheep were mostly ewes and rams of a 
churro (coarse-fleeced) breed, and some were Pyrenean 
mountain sheep (with or without horns in male and female , 
coloured fleeces, thick and coarse wool). The conquista
dores brought these animals with them chiefly as food. 

These sheep, which had merino blood in them and 
would not, in themselves, have been the best types to 
bring to unknown countries, were compelled by the exi
gencies of interminable wars to graze increasingly remote 
highlands and ranges. 

The result of the appropriation of these sheep, particu
larly by the settlers in mountainous districts, was that the 
small surviving flocks lived in complete and unselective 
isolation for centuries. The radical change of feed and the 
rarefied atmosphere of the bleak highland plateaux im
paired their physique and reduced their yield to a mini
mum which might be called uneconomic. To all these 
disadvantages must be added the ancient practice of en
closing the whole flock together at night (males, females 
and lambs). The cause was fear of robbery, and the con
sequence repeated infection (as the enclosures were never 
clean) with parasitic and other diseases equally detri
mental to the improvement of the physique of the flock. 

Figure 5. Criolto ewes a nd lambs. Note the tails and horno. 

We might emphasize yet another important conse
quence. The continuous presence of males and females in 
a single flock results in the ewes having two successive 
pregnancies, one ending in December and the other at the 
end of autumn. The only rainy season, spring, provides 
the best conditions for the autumn parturition, for the 
ewe is well-nourished and the lamb when born is fairly 
robust . In the second pregnancy, beginning in a season of 
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drought, the mothers are not well enough fed and the 
proportion of sound lambs is therefore very low. The 
weakening of the ewes and the excessive strain on their 
breeding organs keep the flock consistently below a proper 
s tandard. 

At the present time we might describe them as specimens 
which on reaching adult age attain a weight of 35 kg. for 
the males and 25 kg. for the females. The weight of the 
entire fleece is not taken into account, since it would in
crease or reduce these weights by about 1 kg. 

These sheep have a very poor physique characterized 
hiefty by inadequate bone formation and relatively un-

Figure 8. Criollo rams sh owing m erino strain. Flowing fleece, 
pigmen ted mucous membrane. 

developed musculature. Generally speaking, they have no 
coating of fat. The lambs are of course not market able, 
and their only use is to conserve the type. 

The coya, the more or less pure aboriginal inhabitant of 
the extreme north of the area, almost invariably uses the 
meat of the old rams to feed himself and his household. 
There is always, it may be said, a large preponderance (15 
or 20 per cent) of males over females. 

Figure 10. Criollo ewe. Fine wool. 
F igure II. Cri ollo ewe with exceedingly poor skeleton . 

F igure 12. Criotlo ewe. Dappled face, chestnut legs, greyish fleece, hairless belly. 
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An interesting feature of the criollo sheep is the va
riety of colours to be found even on a single specimen. 
White is predominant, but so many sheep are dappled, 
speckled, black or chestnut that practically every flock 
has a considerable proportion of them. Kostrils, ears and 
hooves display the same variety of colouring as the fleece. 

It has been said that the production of wool barely 
averages 1 kg. per head. When the animal is standing, its 
fleece sometimes looks like a flowing cloak of coarse fibres, 
"like a rainstorm", and very open at the loins. More 
generally the ewes have a close-set wool, compact and very 
short. The quarters are invariably covered with long and 
very coarse hair. The hairless bellies and legs and the long 
tails give these animals a lugubrious appearance. 

Inspection of a strand of hair clearly reveals a large 
quantity of medullary fibres of between 50 and 80 microns, 
but microscopic analysis demonstrates a greater percent
age of fibres between 20 and 30 microns. The latter, 
classified as fine, prime and fine cross (70's-64's-60's-
58's), produce, in conjunction with the former, an ir
regularity which unfits the wool for use in the fine-yarn 
industry. The use of these wools abroad has given them a 
name by which they are classified commercially-carpet 
wool. In our country they are used as a raw material for 
the development of the home market and are made into 
ponchos, puyos (kinds of cloaks), scarves and blankets, all 
with a texture rough to the touch but really useful in these 
districts and luxury articles in the big towns. 

The prices paid to the producer for these wools are not 
in proportion to the prices charged at Avellaneda. The 
sheep farmer from the mountains receives an average of 
between 10 and 15 Argentine pesos for each 10 kg. of un
graded wool. The purchaser is usually a buyer who travels 
through large areas buying up small lots in which wools of 
various colours are mixed together; or he receives them in 
his "business house". Their grading and shipping to 
Buenos Aires brings in enormous profits. In this trade, 
white criollo ewes often fetch between 20 and 25 national 
pesos, since they find their way almost exclusively to the 
foreign market. 

INIPROVEl'>fENT PLANS 

In order to make a real change in the way of life and 
productivity of this important sheep-breeding centre, 
attention has been given to improvement by crossing with 
breeds likely to be easily adaptable to the altitude and 
poor vegetation. 

For this purpose it was necessary: 
1. To draw up a genetical and economic plan adapted 

to the requirements of the animals and the area to be im
proved; 

2. To match the area of origin of the improving breeds 
v.rith the places of destination, which, as we have already 
seen, offer very varying conditions; 

3. To determine how the Ministry of Agriculture could 
overcome the legal obstacles to cession of property ac
quired by the State; 

4. To arrange for periodic inspections of the improving 
breed and its of-fspring and of the crosses obtained. 

The first point was settled by the choice of the Austra
lian merino and Corriedale breeds, whose established 

hardihood and ability to produce close fleeces-from fine 
wool to fine cross-seemed likely to satisfy our require
ments. They had shown their quality in other parts of the 
country, principally in Patagonia. This southern area is 
another in which the animals have their seasons of hard
ship and there is a great belt of foothills, with pastures 
800, 1,000 and 1,500 metres above sea level. 

The Australian merino and the Corriedale have de
monstrated their perfect adaptation to this environment, 
and their great powers of resistance to hunger and fatigue. 
The wool yield of these breeds is too well known to require 
description. We shall only say that the average yield of 
each of those two breeds, 4 or 5 kg. per head, would be a 
sufficient inducement to us to use them in an attempt to 
increase our annual production and appreciably improve 
the uniformity of the product. 

In this connexion we believe that, in view of the great 
quantity of criollos with a high percentage of fine and 
prime wools, the best plan would be to attempt to raise 
this percentage and thereby tend to secure greater uni
formity in the quality of the wool. 

It only remained to organize the breeding centres. 
Flocks of 20 females and 2 males were formed, or male 
breeding animals only were used. The purpose for which 
the flocks were formed was breeding in the areas of 
destination and the ultimate utilization of the acclima
tized offspring. 

The second part of the task entailed survey tours in the 
mountain areas containing the farms, small and large, on 
which the criollo sheep are raised. The tours resulted in a 
better knowledge of the environment and increased ability 
to select the right types. 

The flocks were sent to places where food was in mo
derately good supply, the stud rams to places where it 
was scarce. These different methods were employed be
cause of the difficulty, for a poor settler, of maintaining a 
score of animals brought from a great distance and pre
sumably unacclimatized. 

The third difficulty was solved by a system of State 
loan agreements to help the settlers taking part in the 
scheme, This method makes it possible to transfer stock 
for breeding purposes, and the agreements include clauses 
by which the sheep-farmer undertakes to allow inspec
tions and the transfer of a certain number of the offspring 
or the return of the original animals (a copy of such an 
agreement is enclosed for information). 

Lastly, in accordance with the terms of the agreements, 
visits of inspection are made to the receiving establish
ments. During such visits, a careful examination is made 
of the animals sent out, of their own progeny and of the 
offspring produced by the crossing of rams of the im
proving stock with criollo ewes. In all cases pure-bred 
offspring worth considering for future delivery to neigh
bouring settlers is marked with the Ministry's mark. 

CONDITIO); AND PRODVCTIVITY 

Among the places selected for our studies of aclimatiz
ation and cross-breeding we may mention the Ahra 
Pampa Animal Husbandry Station in Jujuy, which also 
belongs to the national Ministry of Agriculture. 
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To this spot, in the middle of the high plateau, the 
following animals were transferred in June 1946: 1 flock of 
6•) female and 4 male Australian merinos and another of 
6:3 female and 4 male Corriedales. 

Without counting the young ones, which in both cases 
were few, we shall say : 

(1) The height (3, 700 metres above sea-level) makes it 
necessary to wait longer for a satisfactory number of off
spring. 

(2) The general condition of the Australian merinos is 
very good, the consistent purity of the fleeces being parti
cularly noteworthy. 

(3) The Corriedales gave striking evidence of incapacity 
to adapt themselves to this environment. Probably the 
poverty of the soil (by deficiency in certain elements) and 
climatic factors have an unfavourable effect on this breed. 
The fact that it is a new breed, without the stable charac
teristics of the merino, leads one to think that it may more 
easily be subject to mutation. 

The extraordinary appearance of deteriorated fleeces 
showing a tendency towards a general roughness of fibre 
induces one to think that better pastures are needed for 
this breed. It must also be remembered that the forage is 
so poor in this area that the prospects for raising a double
purpose breed of sheep are very unfavourable. 

(4) During the first five or six months there was a com
plete loss of potency in all the rams. 

The following is a list of sheep-farmers who received 
animals in April 194 7 : 

Angel M. Estevez, Tafi del Valle, Tucuman: 16 ewes, 
2 rams-Corriedale. 

Guillermo Chenaut, Tafi del Valle, Tucuman: 20 ewes. 
2 rams-Australian merino. 

Bodo Salzwedel, Villa Castelli, La Rioja: 20 ewes, 
2 rams-Corriedale. 

Nabor Alaniz, Vinchina, La Rioja: 20 ewes, 2 rams
Corriedale. 

Abel Acosta, Santa Maria, Catamarca: 18 ewes, 2 rams 
--Corriedale. 

L. Alberto Vargas, Santa Maria, Catamarca: 20 ewes, 
2 rams-Australian merino. 

Javier Ponce de Leon, Santa Maria, Catamarca: 20 
ewes, 2 rams-Australian merino. 

Silverio Barrion uevo, Valle Viejo, Catamarca: 20 ewes, 
2 rams-Australian merino. 

Santiago Gordillo Bustos, Valle Viejo, Catamarca: 20 
ewes, 2 rams-Corriedale. 

At the end of 1948, that is to say a year and a half after 
the sheep had been delivered, we were able to make the 
following observations: 

On Mr. Bodo Salzwedel's farm, we found our flock in 
·:ery good condition and with numerous progeny (14, male 
and female). Four of the male lambs with good appearance 
and passable breeding points were marked. 

In the neighbourhood of Vinchina we talked with Mr. 
~abor Alaniz, who had enclosed his sheep near the village. 
!{e is keeping the flock in good condition and there were 
:en lambs with good points. This batch seemed to be 
inding acclimatization very difficult. 

CALVO 

In the place called Rodeo we were able to inspect the 
Australian merino flock sent to Mr. Silverio Barrionuevo. 
They grazed on very well protected slopes 1 ,200 metres 
above sea-level and their liveliness and good appearance 
showed their adaptation. The progeny were, it may be 
said, perfect and had the same "spirit" as their parents. 

The Corriedale flock in charge of Mr. Estevez and its 
lambs showed unmistakable signs of hardship. On the 
other hand, forty-two cross-bred lambs-by one of the 
Corriedale sires out of various criollo dams-might be 
called "good". 

As might be expected, some of these cross-bred sheep 
had coloured patches on their bodies; there were even 
some with horns, but Mr. Estevez's criollo flock varies 
extremely in colour, physical development, etc. Neverthe
less, we consider the good physical condition of the cross
bred offspring to be characteristic of the progeny of ewes 
completely adapted to the environment. 

Of a total of twenty lambs, which we shall call pure 
stock, including fourteen yearlings and six aged four 
months, born of the flock which has been sent out , three 
yearling male lambs and one aged four months showing 
good breeding points were marked in the left ear with the 
letters M.A. The remainder displayed development de
fects and were therefore ignored. 

On Mr. G. Chenaut's farm, we were able to note the 
good general condition of the Australian merino flock. 
The offspring of this flock, fifteen in November 1947 and 
nine in April 1948, amounted in all to twenty-four. Their 
points were generally good and we marked three yearling 
males and one four-months-old male. From a total of 
twenty ewes, there were fourteen cross-bred lambs, whose 
general condition is very good and whose appearance de
notes the strong influence of the improving male stock. 

On the "El Puesto" farm of Dr. Vargas we found con
ditions similar to those observed at Tafi del Valle. The 
twenty-two young sheep born of thirty criollo ewes and an 
Australian merino ram were doing perfectly, and their ap
pearance showed a considerable improvement. 

Of the flock sent to this establishment two lambs were 
born, but for reasons which we have not been able to 
discover they did not live for more than a few days. 

The rams began to serve the ewes five months after 
their arrival. 

Figure 13. Crio llo ewe (left). Corriedale ram (centre). 
First cross (right). 
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From the Santa :\Iaria district we \Vent south-east 70 
kilometres to Mr. Abel Acosta's farm, "Los Cerrillos", 
which is 3,100 metres above sea-level. 

In :'v1r. Acosta's establishment we had an opportunity 
of examining the Corriedale flock in his charge very care
fully. This group is in very good general condition. Its 
satisfactory appearance is clue principally to the fact that 
the pasture is small, 10 hectares, and is so>vn with alfalfa. 
When this fodder is used throughout the year it induces 
the illnesses that might be expected such as scouring, 
blowing from eating second-growth shoots, and a very 
heavy loss of lambs. 

This pasture is used because of the impossibility of ob
foclder of any other quality in these high mountain 

ranges, which during the spring months are dry. 
The total progeny of this group amounts to twenty-five, 

twelve born in 194 7 and thirteen in 1948. Of these, two 
yearling andf1ve four-months-old male lambsweremarkecl. 
As on the other farms, observation of the twenty-nine 
cross-bred lambs convinced us of the advantage of using 
Australian merino rams and local ewes in these areas 
situated at a great height above sea-level. 

In autumn 1948, 148 sheep-farmers received a total of 
548 animals for improvement of stock. From the deliveries 
made in April and May 1948 we were able on 5 January 
1949 to verify some of the conclusions which previous 
tours had suggested. 

Among those who had received animals, we visited the 
Teran brothers of the farm "La Cienaga" in the Trancas 
Department (Tucuman). 

Since May 1948, there have been two groups of stud 
rams on this establishment (3,000 metres above sea-level), 
one consisting of five Australian merinos and the other of 
four Corriedales, one Corriedale ram having died. 

According to the statements of the shepherds, the first 
of these two groups had been the ewes for over 
two months. These rams displayed potency within six 
months more or less of their stay on the farm. Their con
dition was very satisfactory and upon examination their 
sheared fleeces and the standing wool (which at this season 
is growing) were found to be faultless for lustre, wave and 
apparent regularity. 

The Corriedale group placed with another group of 
criollo ewes did not present the same appearance. The 
rams had not yet begun to serve the ewes and one ram 
was found to be in a very dejected condition and to show 
little desire even to walk. 

In the Ambato Department, Catamarca, Dr. Julio A. 
Figueroa received a Corriedale flock which he is keeping in 
those mountains. The height (1,800 metres) and the 
somewhat bleak land are probably what have spoilt this 
group. The original animals are dejected and the few 
living offspring do not satisfy the necessary requirements 
for marking. 

The remaining cases will be inspected this autumn, 1949. 

COXCLTJSIOXS 

The work started recently and that already accom
plished can only be regarded as an experiment. Obser
vation of it may provide a practical basis for our guidance, 
but it requires to be continued. 

Kevertheless, the cases we have described and the 
difficulties that have been or are to be overcome allow us 
to deduce the following conclusions: 

1. Generally speaking, our north-western area, which is 
formed chiefly of hills and mountain ranges dry during 
most of the year, appears to be splendidly suitable for 
sheep-rearing. In this connexion, we would favour cross
breeding with merino stocks, over the greater part of the 
territory described, for it produces an enormous improve
ment in the wool and a considerable improvement in the 
meat. 

2. Gp to the present we may admit that the Australian 
merino has displayed the best and most rapid power of 
adaptation to the areas under consideration. 

The average interval required to restore potency in the 
new environment is about five months (it is lost on arrival 
at destinations more than 1,500 metres above sea-level). 

3. Crosses from Australian merino rams and criollo 
ewes are strong, well built and active. 

The use of local ewes has turned out to be very bene
ficial, for the offspring is abundant, has great resistive 
power, is of g0od appearance and produces fleeces of im
proved quality. 

4. The offspring of the pure stock, at any rate during 
the lambing seasons observed, would not justify the use of 
this method in places which are very high up and provide 
very sparse pasturage. 

The number of lambs produced is small and therefore 
the production hy the flock of acclimatized offspring is 
lamentably retarded. 

5. The following basic difficulties must also be over
come: 

(a) Local sheep-raising 
Lack of effort to secure bettt>r production. 
Grazing on open range. 
Gse of enclosures at night. 
Retention of a great variety of marking in the flock. 

(b) Development by means of animals brought from long 
distances 
The losses of animals which this system entails di
minish effectiveness and increase cost. 
Consequently, the production of breeding animals 
of the better stock in the neighbourhood of the 
areas requiring them would eliminate many disad-

(By way of illustration, we enlarge some
what on the subject of "breeding stations" for im
proving the stock.) 

The change which we might introduce into present 
methods of improving stock would be the establishment 
of "breeding stations" in places appropriate by reason of 
their situation and environment and easy accessibility by 
railway. The work of these stations described below will 
provide a number of technical advantages, and benefit 
stock-breeding in the areas with which they are in con
tact. 

"'"'"v"'" the innumerable areas suitable for the establish
ment of such units are centres where the sheep population 
is somewhat dense, and where therefore physique could be 
rapidly improved and the change in the blood would raise 
the quality of the products, wool and meat. 
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It is to be noted that a large proportion of mountain 
areas which are almost inaccessible to vehicular traffic 
mtintain many thousands of sheep which cannot be trans
ferred for their improvement. It is therefore necessary to 
bring to them the reproductive stock, which will retain 
its improving capacities for some years, thus obviating 
recurrent annual expense. 

The main purpose of our effort, to produce male and 
female acclimatized sheep at a moderate cost and of equal 
quality with those produced in the providing stations, may 
be achieved by the establishment of sheep farms with an 
area of two square leagues and a constant population of 
l ,500 ewes. These, chosen from selected flocks, should give 
a yield of between 4 and 5 kg. of wool per head. This 
characteristic, transmitted to the offspring, would be 
sufficient to ensure that the specimens lent or supplied by 
the "breeding stations" should be able greatly to improve 
the yield of the local stock. 

Through the rams they produce, the activities of the 
stations will increase annually, since they themselves will 
continue their breeding work, while the rams sent out to 
the sheep-farmers will fulfil the requirements of all the 
breeding seasons so long as their virility lasts, and 
there will be no need to replace them for three or four 
years. 

This factor alone, in the areas which are difficult of 
access, constitutes a considerable advantage over the 
method of artificial insemination, which requires the an
nual fertilization of ewes. Without wishing to deny the 
merits of the method in particular cases, we consider its 

CALVO 

large-scale, economical application to be impracticable in 
this area at the present time. 

It might also be possible to persuade the sheep-breeders 
to whom animals are sent, once the effect of the improving 
stock is apparent, systematically to castrate the indige
nous ram. 

In the first place it should therefore be emphasized that 
from the point of view of stock-breeding, a breeding ani
mal produced in the area is indubitably of greater use. 
Apart from this, I consider that the poverty of physiques 
reflected in the present yield of the local flocks (1 kg. of 
wool and one very poor carcase) will render the benefit 
of a new strain in the blood undeniable. 

The rapidity and effectiveness of the deliveries will in
crease the prestige of the stations making them, and will 
reinforce the necessary confidence. 

The staff allocated to the breeding stations will simul
taneously carry out two functions: to exercise as much 
control and supervision as possible over the use of the 
breeding animals supplied, and to replace temporarily if 
not permanently the experts serving in this specialized 
department. 

The breeding stations described above will certainly 
have a task to fulfil in the future also. By the time the 
flocks in the centre and north-west of our country have a 
passable uniformity and output, there will be enough 
roads and population centres for the task to be completed 
by artificial insemination. Thus, after some years, a level 
will be reached equal to or higher than that of the breeding 
stock which today we are transporting to those areas. 

Improvement of Bovines • 1n French West Africa 1 

J. R. PAGOT 

ABSTRACT2 

I. The paper sets forth the results of animal husbandry tests carried out in French West Africa for the improvement 
of African livestock (zebus and oxen) by selection or crossing with European breeds. 

2. The selection at the Filingue farm (Niger) of a stock of Azawak zebus (Bos indicus) gave excellent results and 
produced animals with an average daily milk production of 2,600 litres to 3,768 litres during 180 days, whereas the non
selected animals rarely exceeded 1,200 litres during the same period. 

The animals selected at the station, where they live in natural environmental conditions, gave excellent results when 
they were distributed to Africans and lived under native management and environmental conditions. 

3. The crossing at the Sotuba farm (Sudan) of N'Dama oxen (Bos taurus) with the European Charollais and Norman 
breeds produced good quality animals but they proved unsuitable for survival in the natural environmental conditions. 
This conclusion cannot be regarded as final, as an epidemic of tuberculosis resulted in a failure which was accentuated 
by the severe sanitary measures taken-slaughter of all animals reacting to tuberculin test. 

4. The crossing (at the Niger Board's farms) of Peuhl river zebus (Bos indicus) with the European Charollais and 
Montbeliard breeds produced good quality F 1 animals which stood up to conditions at a station better than those in 
extensive breeding, and back-cross zebus which adapted themselves well to the conditions of extensive breeding. 

5. In the two cross-breeding tests at the Niger Board and the Sotuba farm the management of pure-bred European 
animals proved very difficult. There were severe losses, due mainly to tropical diseases or to the climate (the parasitic 
diseases piroplasmoses and trypanosomiases and frigidity). 

1 Original text: French. 
2 Due to the length of Mr. Pagot's paper, the above abstract alone is reproduced in these Proceedings: for a detailed description 

of the experiments concerned, those interested may communicate directly with the author, care of Office de la Recherche scientifique 
coloniale, Segau, French \Vest Africa. 
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Livestock Improvement and Its Relation to the 

Conservation and Utilization of Resources 

R. W. PHILLIPS 

ABSTRACT 

In order that grasslands may make their greatest contribution to human welfare, it is essential that they be managed 
in a manner that will guarantee the greatest continuing return of animal products, and that the animals used are capable 
of turning grass into animal products with maximum efficiency. 

Progress in animal genetics during the last twenty years has shed considerable light on the possibilities of im
proving the inherited producing capacities of livestock. 

Show-ring standards are inadequate as measures of production. New techniques have been developed. Progress 
has also been made on how best to use measures obtained by whatever yardsticks of merit may be available. Greater 
progress in improvement through selection can be expected by combining into one figure values for all characteristics 
being considered, than by using "tandem" or "independent culling level" techniques. To be useful, the single figure or 
index must be correlated with breeding value, or measure traits which are inherited to some degree. 

Many studies of heritability of economically important traits of livestock indicate a wide range in the extent to 
which these traits are controlled by heredity as compared to environment, and also considerable variation in the herit
ability of a given trait at different ages. 

Improvements in the knowledge of the physiology of reproduction also contribute to genetic improvement by en
suring full crops of offspring, thus ensuring maximum opportunity for selection, and by extending the usefulness of out
standing sires. 

Studies of livestock improvement on a national basis, such as those of the dairy industry in New Zealand, are very 
important. The New Zealand study indicates that progress in genetic improvement on a national basis is relatively 
slow and requires real planning and effort. In less developed countries, the possibilities of total improvement 
in a given time are no doubt greater but require even more careful organization and studies to make certain improved 
breeding stock are adapted to the environment. Village breeding centres are suggested as one means of distributing 
improved blood rapidly. 

The nomadic herdsman has long measured his wealth in 
animal numbers, the Bedouin by counting his dromeda
ries, sheep and goats, the Navajo Indian by counting his 
sheep and goats, the Tibetan by counting his yaks and 
sheep. These and many other groups of nomadic, semi
nomadic and even settled peoples have taken the existence 
of soil and grass for granted, have given little thought to 
problems involved in conserving these basic resources, and 
have given an equally limited amount of consideration to 
improving the ability of their animals to convert the 
products of the soil into meat, milk, animal fibres and 
work. 

During recent years, the application of science to agri
culture has resulted in two relatively new concepts which 
are basic to consideration of the relation between live
stock improvement and the utilization and conservation 
of soil and plant resources. 

First, there is the concept that the productivity of 
range and pasture lands should be measured in terms of 
output of livestock products. This is not a compromise 
between the extreme views of the nomad who merely 
counts his animals, and the botanist who thinks primarily 

to enable the concept to be put into practice as an effective 
tool in livestock improvement. Even now the practice of 
animal breeding is largely an art, rather than a science 
based on available knowledge. 

The animal geneticist views with envy the contributions 
of the plant breeder to increased livestock production 
through improved grasses and legumes, and through im
provements in grain production, such as that accom
plished by the widespread use of hybrid maize in the 
United States of America. The animal geneticists lagged 
somewhat behind plant geneticists in initiating the attack 
on their fundamental problems, and progress is inevitably 
slower with livestock because of the nature of the breeding 
material. But even so, a great deal of progress has been 
made, and my assignment in this Conference is to outline 
some of the more important aspects of that progress, and 
to indicate some of the key problems which must be solved 
in applying this knowledge to the end of conserving and 
fully utilizing resources. 

LIVESTOCK IMPROVEMENT AND CONSERVATION 

AND UTILIZATION OF RESOURCES 

of the preservation of plants, but is a reasoned approach The association between productivity in livestock and 
by soil, plant and animal workers to the problem of how conservation and utilization of grazing lands is so close, 
best to make the soil produce to meet human needs, not and so apparent, that I need not discuss it in detail here. 
only year after year, but generation after generation. Granted that the objective of grazing livestock on grass-

Second, there is the concept of genetic improvement in lands is the production of the maximum amount of live
livestock, which has emerged from the science of genetics stock products per unit of land on a continuing basis, it 
that grew out of Gregor Mendel's work on peas. It is only seems apparent that greatest productivity can be at
in recent years that sufficient progress has been made in tained by: (I) Controlling livestock numbers so that 
the study of genetics and its application to farm animals animals obtain sufficient feed above their maintenance 
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nquirements to support their inherent capacity to pro
duce, and (2) using animals for grazing that are able to 
convert most efficiently the available grass into livestock 
products. 

Price (l)l quotes a good example of the importance of 
the first point from actual range operations, showing the 
importance of adjusting numbers of animals to the carry
ing capacity of the range. Records of a large cattle com
pany in the State of New Mexico, show that during the 
eight-year period 1926 to 1933, inclusive, an average of 
1H,819 breeding cows were grazed, producing a 47-per cent 
calf crop weighing an average of 244 lb. and a total of 
2,158,180 lb. per year. In 19M a more conservative basis 
of stocking was practised and from 1934 to 1937, inclusive, 
an average of 8,674 breeding cows were grazed, producing 
a 66 per cent calf crop weighing an average of 34llb. and a 
total of 1,952,225lb. per year. During the next four years, 
l!J38 to 1941, inclusive, the range was fenced and the 
stocking reduced to an average of 6,190 breeding cows 
which produced a 91 per cent calf crop weighing an aver
age of 445 lb. and a total of 2,506,685 lb. per year. Range 
surveys made in 1941 show an average increase of ap
proximately 20 per cent in forage production brought 
about by conservative stocking and better management of 
the range and livestock. 

Concerning the second point, let me illustrate by re
counting a personal experience. Last winter I had the 
opportunity of seeing some of the rich delta land of the 
Nile. I was being shown a livestock-breeding project in 
which native cattle were being graded up with improved 
dairy types and water buffaloes were being improved by 
selection within the native type. The experimental ani
mals were tethered for grazing in an excellent crop of 
berseem. An Egyptian scientist was telling me of the high 
milk production of the grades and pure-bred dairy types, 
under those excellent feeding conditions, as compared 
"'·ith most native cows, and ended with the comment: 
"We can't afford to keep low-producing cows on this high 
priced, highly productive land". Naturally, the animals 
used must be adapted to the feed supply and other en
vironmental conditions, but within those limitations, the 
use of relatively high-producing animals will reduce the 
load the land must carry to produce a given quantity of 
meat, wool or other livestock products. 

.NEW APPLICATIONS OF GENETICS TO LIVESTOCK 

D1PROVEMENT 

Much work has been done during the last twenty years 
on the application of genetics to livestock improvement. 
A comprehensive review of this work would be impossible 
in the time available, and I shall mention only a few of the 
important aspects which shed some light on the possi
bilities of improving productivity of livestock through 
breeding. 

Meast~ring performance 

Reasonably accurate measurement of an animal's abili
tv to produce is a prerequisite to any real improvement in 
t!1e genetic merit of livestock. Work in this field in recent 
years has been characterized by numerous studies on the 
2ccuracy with which animals can be measured and scored 

1 Numbers within parentheses refer to items in the bibliography. 
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(2, 3, 4, 5, 6, 7, 8, 28) (and Phillips and Stoehr, 1945), 
and by the development of many useful methods of 
measuring specific characters such as the diameter and 
variability of wool fibres (9, 10, 11), the density of wool 
fibres (12, 13), the amount of wrinkling or skin folds in 
sheep (14, 15), the amount of muscle in relation to bone 
in beef cattle (16), and the performing ability of heavy and 
light horses (17, 18), to mention only a few. 

These and other technical developments have shown 
that visual methods of evaluating animals as commonly 
practised in the show-ring fall far short of the needs of the 
breeder who would improve his livestock. Important 
characteristics such as milk and butterfat production, 
growth rate, relative amounts of muscle, fat and bone, and 
reproductive efficiency simply cannot be determined 
accurately by visual inspection. Fortunately more and 
more people engaged in agriculture are coming to realize 
the weaknesses of rating animals and selecting them for 
breeding on the basis of show-ring standards. Many fine 
points are also considered in judging which have little or 
no practical significance. The usefulness of the show-ring 
is further reduced by the showing of animals fed under 
highly artificial conditions, often to a level of fatness far 
beyond that desired in breeding animals or even in animals 
intended for slaughter, and by such devices as exhibiting 
sheep with as much as two years' growth of wool, and of 
beef steers and potential breeding animals reared on dairy 
nurse cows. Assuming that the show-ring did give a use
ful measure of merit, at least for certain characteristics, 
the proportion of animals that can be fitted and shown is 
so small that it cannot serve as a basis for selecting more 
than a very small portion of the breeding animals and the 
breeder must make the most of his selections under more 
practical circumstances. 

One is forced to the conclusion that the livestock show 
has and will continue to serve primarily as a place where 
the feeder and fitter can demonstrate his skill, as an adver
tising medium for exhibitors, and as a place where the 
livestock fraternity can gather for business and social 
reasons and where the general public can see something of 
the livestock producer's workmanship. 

The most urgent need of the present is for extension of 
the work on methods of measuring specific characteristics, 
and for adapting and simplifying laboratory techniques so 
that the stud breeder can apply them in his efforts to 
produce better sires for use in the commercial livestock 
industry. 

lvi ethods of selection 

A breeder may use one of three basic methods of selec
tion: (1) the "tandem" method, in which he selects for one 
character at a time until it is improved, then selects for 
another, and so on, until all desired traits are improved; 
(2) the "total score" method, in which selection for all 
desired traits is practised simultaneously, the total score 
or index being constructed by adding into one figure a 
numerical value indicating the superiority or inferiority of 
each trait considered; and (3) the "independent culling 
levels" method, in which he sets a certain level of merit 
for each trait, and discards all individuals below that level. 
regardless of their rating in other traits. 

A careful investigation of the efficiency of the three 
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methods of selection was made by Hazel and Lush (19). 
From their study of the theories involved, they concluded 
that selection for a total score or index of net desirability 
is more efficient than selection on the basis of independent 
culling levels, and that the tandem method is the least 
efficient of the three. 

A breeding animal may be evaluated not only upon its 
own characteristics and performance, but also upon the 
qualities of its parents and other ancestors, its collateral 
relatives, such as sibs (brothers and[or sisters) and half 
sibs, and its offspring. 

The last is usually called the progeny test. Much has 
been written concerning its accuracy, compared to that of 
other measures of breeding merit. From the standpoint of 
rate of genetic progress, factors other than relative accu
racy must be considered (20). The most important of these 
factors are the age at which results of the progeny tests 
may be obtained and the rate of reproduction. The longer 
interval between generations that results from use of the 
progeny test tends to offset the advantage gained by 
more accurate selection, and may actually reduce the 
annual rate of improvement. Thus, the relative value of 
the progeny test is determined by circumstances that are 
largely beyond the breeders' control, and a regular plan of 
progeny testing is unlikely to increase (and may reduce) 
genetic progress unless the progeny-test information be
comes available early in the animal's lifetime, the re
productive rate is low, and the basis for making early 
selections is relatively inaccurate. 

General recognition of the possibilities and limitations 
of various methods of selection, study of their applications 
under a wide variety of conditions, and development of 
relatively simple procedures that can be applied widely by 
stud breeders, are key problems requiring attention in all 
countries. 

Selection indices 

Granting that most rapid progress can be brought about 
by simultaneous selection for those traits which are con
sidered important, it is essential to have a method of 
weighting the emphasis to be placed on various charac
teristics and of combining them into a single evaluation of 
each animal. It has been shown (21) that the genetic gain 
which can be made within a group of animals by selecting 
for several traits at once is the product of the selection 
differential, or intensity of selection (the superiority of 
selected animals over the average of the entire group), the 
multiple correlation (a measure of relationship) between 
aggregate breeding value and the selection index, and 
genetic variability. The selection differential is limited by 
the rate of reproduction of each species, and it may be 
reduced considerably by the breeder's carelessness in 
making selections or in emphasizing unimportant points. 
Genetic variability is relatively beyond man's control. 
Hence, the greatest opportunity for increasing progress 
from selection is by ensuring that the multiple correlation 
between aggregate breeding value and the selection index 
is as large as possible. 

Studies of selection indices under one set of circum
stances provide useful leads for those working under 
different conditions, but actual indices should be develop
ed for each set of environmental a11.d economic conditions. 

This must be preceded by studies of the economic im
portance of each trait, development of practical, rapid 
methods of measuring variability in these traits, and 
developing indices which give a reasonably good indication 
of each animal's breeding value. 

Heritability 

The heritability of a trait is actually a measure of the 
observed variation in a group of animals which may be 
attributed to differences in heredity. Estimates of herit
ability are based on the degree that related animals tesem
ble each other more than do less closely related or un
related animals. Such estimates are used primarily for 
traits in which development depends upon many genes and 
for which the techniques usually used in fundamental 
genetics do not readily apply. 

Estimates of heritability as determined by various 
workers for butterfat yield range from 17 to 51 per cent 
and for milk yield from 30 to 91 per cent (22). Estimates 
for butterfat percentages are somewhat more consistent 
ranging from 70 to 86 per cent. It must be recognized that 
these figures are exactlywhat their name implies, estimates 
of heritability, which are based on limited data in many 
cases, and which the dairy cattle breeder cannot expect to 
apply with highly accurate results. However, they do 
indicate that there is a definite basis for estimating im
provement through selection, providing one is able to ob
tain as breeders the really superior animals. 

An example from the data on heritability of butterfat 
yield will serve to illustrate the implications of the use of 
such data in practice. The estimates range from 17 to 51 
per cent, and average about 30 per cent. This means that 
the breeder should expect to make about 30 per cent of 
the progress he actually "reaches for" in selection, on the 
average. If he selects parents for the next generation 
which produce 50 lb. more butterfat than the average of 
the stock from which they are selected, their offspring 
should be expected to produce on the average about 15lb. 
more butterfat than would be expected from offspring 
produced by parents selected at random from the popu
lation. 

Estimates of heritability of characteristics other than 
milk and butterfat have been made by many workers 
under a variety of conditions (22, 23). These estimates 
range from zero to figures which indicate a high level of 
heritability. In general, those for economically important 
characteristics are of about the same order as those for 
butterfat yield, although some are lower, others higher. 

There is need for studies of heritability of economically 
important characteristics under many sets of environ
mental conditions, since results of studies under one set of 
conditions will not necessarily indicate the heritability of a 
trait under conditions where the environment has a 
greater or lesser influence on its development. 

Methods of breeding 

Methods of breeding that can be used by stud breeders 
and commercial producers of livestock fall into three 
general categories: 

1. Improvement within existing types; 
2. Grading-up by introducing more productive types or 

breeds; and 
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3. Development of new types out of animals that are 
graded only part of the way up to a more productive type, 
or out of animals produced by crossing two distinct types 
in an effort to combine desired traits from the two types. 

Selection of a method under a given set of conditions 
should be based on consideration of the climatic, nu
tritional and managerial conditions under which livestock 
are produced, the extent to which existing types produce 
satisfactorily under those conditions, and the extent to 
,,·hich greater productivity may be achieved by grading 
up or developing new types while making certain that 
adaptability to local conditions is maintained at a suffi
ciently high level. 

In many areas, existing types of livestock are meeting 
the needs of the people reasonably well. Others need im
provement in some or most of their economically im
portant characteristics. In some cases these existing types 
have been maintained for many centuries, in others they 
are made up of a type or types imported from other 
regions. Granting that improvement may be needed, any 
plans to bring it about should be made with full recogni
tion of the value of adaptability which is probably present 
in native types or which may have been demonstrated by 
imported stock. 

Improvement within the existing type, in addition to 
taking advantage of any special adaptability to local con
ditions which may be present, has the advantage of 
avoiding the expense of selecting and importing stock 
from other regions, with its attendant dangers of intro
ducing disease and obtaining stock not adapted to local 
conditions. It has the disadvantage that progress is much 
slower than with grading-up with more productive types 
which meet local needs and are adapted to the environ
ment. 

Grading-up has the obvious advantage of rapid im
provement through the use of improved males on a large 
number of females of a less productive type. It is the 
logical method where sires of an improved and adapted 
type can be had from some other area or where small 
groups of such stock can be imported for the local produc
tion of improved sires. 

In some cases it may be found that imported purebred 
animals cannot perform satisfactorily under existing en
vironmental conditions, while grades vvith a certain 
amount of improved breeding may withstand the environ
ment satisfactorily and produce at higher levels than the 
native stock. In such cases, the obvious procedure is to 
determine the extent to which improved breeding can be 
introduced without loss of necessary adaptability to the 
local environment, then develop a new type from animals 
with this breeding background. 

Having in mind these methods of breeding, it should be 
recognized further that the stud breeder has three basic 
tools which can be employed in his efforts to bring about 
genetic improvement in his animals, regardless of. the 
general approach made to his breeding problems, namely, 
selection, inbreeding and crossing. These are the tools 
that have been used to develop the existing improved 
breeds, and are the tools that will be used to bring about 
further improvements, to establish new types and breeds, 
and to raise the productivity of commercial livestock. In 
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addition to these tools the breeder may use the new know
ledge of the physiology of reproduction to insure maximum 
fertility, thus insuring maximum opportunity for selec
tion, and the more extensive use of sires known to trans
mit outstanding productivity. 

Closely associated with consideration of breeding 
methods is the relation between stud breeding and the 
commercial livestock industry. There is wide variation in 
the development of specialized stud breeding, ranging 
from that in areas where commercial producers purchase 
practically all of their sires from stud breeders to that in 
areas where no stud breeders exist. Owing to this wide 
variation in existing practice, no set of principles can be 
prescribed that will fit all conditions. However, certain 
basic points should be kept in mind. 

1. National or area-wide improvement in the produc
tive capacity of any given type of livestock will in most 
cases be based on males produced from a very small 
percentage of the population and in relatively few flocks 
or herds maintained either by private breeders or as 
government-owned studs. 

2. Granting this, it must be recognized that any im
provement which may be possible in producing capacity 
of commercial stock is, in the long run, dependent upon 
continued genetic improvement in the stud stock. With
out such continued improvement in the stud stock, com
mercial stock can be raised within a few generations to a 
level where further improvement by grading-up is in
finitesimal. 

3. Further, it should be recognized that the stud breed
ing must be directed towards real improvement in pro
ducing capacity if the product of that breeding is to bene
fit the commercial livestock industry. 

Physiology of reproduction 

I have mentioned use of new knowledge of physiology 
of reproduction as one of the tools available to the breeder 
for bringing about genetic improvement. The rate of im
provement per unit of time, from the stud breeders' view
point, is limited by opportunity to select superior stock as 
parents of the next generation. Thus, maintenance of 
maximum fertility enhances opportunities for selection. 
One example of the new knowledge of physiology which 
can be put to use for this purpose is that concerning the 
time of ovulation and its relation to the optimum time of 
mating. For instance, the ewe ovulates at approximately 
the end of estrus (24), and matings near the end of estrus 
are more apt to be fertile than matings early in estrus (25, 
26). Thus, if outstanding rams are limited in number, one 
can, by proper checking of ewes for estrus and timing 
matings, increase their usefulness by increasing the 
number of successful matings by these rams. The rate of 
improvement from the commercial breeders' standpoint is 
limited by the possibilities of mating a limited number of 
genetically superior sires to as many females as possible. 
Improvement in the technique of artificial insemination 
and its widespread use in recent years offer one solution to 
this problem, a solution which has already proven its 
value under certain conditions. The limitations must also 
be recognized. These include lack of refrigeration and 
rapid transportation in many parts of the world, lack of 
accessibility of females owing to range conditions or 
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dispersed populations in areas where farms are small, and 
lack of sires known to be really superior for the purpose 
intended, so that their use in such wide-scale breeding 
operations is justified. 

Livestock improvement on a national basis 

Much of the published material on livestock improve
ment deals with only relatively small segments of the 
population. One outstanding exception is a study of the 
dairy industry in New Zealand (27). I refer to this study 
since it illustrates very effectively some of the possibilities 
and limitations of genetic improvement in livestock, as 
well as illustrating a national approach to the problem. 

The New Zealand Dairy Board undertook a study of the 
improvement in butterfat production per cow per year 
from 1918-1919 to 1942-1943. It was found, after making 
appropriate adjustments for variations in seasonal and 
climatic factors, that there had been an increase of ap
proximately 61 lb. per cow, but that the annual rate of 
increase had declined from about 4 lb. per cow at the be
ginning to about ! lb. per cow at the end of the period. 
The data are summarized below: 

Period Total increase Adjusted average 
in yield increase per year 

per cow 
First six years 

(1918-1919 to 1923-1924) 22.9 4.0 
Next five years 

(1924-1925 to 1928-1929) 31.1 4.0 
::'fext five years 

(1929-1930 to 1933-1934) 11.0 2.4 
1\rext five years 

(1934-1935 to 1938--1939) -19.0 1.2 
Last four years 

(1939-1940 to 1942-1943) 8.0 0.75 

Results of this study led to an analysis of the factors 
responsible for the improvement since 1920. The results 
of that analysis may be summarized briefly as follows: 

Factor responsible 
jor improvement 

Selection of daughters from 
highest producing dams . . 

Elimination of low producers. 
Change in breed composition, 

including grading up with 
pedigree sires . . . . . . . 

Improvement in plane of nu
trition, including increase in 
length of lactation and un
defined factors 

TOTAL •••••••.• 

Estimated share Percentage oj 
oj improt•ement, total imp,·ovement 

lb. 

2 
8 

16 

35 

61 

3.3 
13.1 

26.2 

57.4 

100.0 

When considering these data, several points should be 
kept in mind. The benefit derived by selecting daughters 
from high producing dams was small for three main 
reasons: (1) Average daughters from high and low pro
ducing dams, with a common sire, will only differ by about 
15 per cent of the difference between the two groups of 
darns. (2) there were about thirty-two female calves 
available for rearing each year per hundred cows and 
three-fourths of these must be retained for replacements, 
leaving relatively little opportunity for selecting replace
ments with a higher genetic capacity than their dams, and 
(3) there were two periods totalling ten years when ex-

pansion in herd numbers was very rapid, thus reducing 
further the possibility of selecting heifers from high
producing cows. The change in breed composition in
volved a shift from 58 per cent Shorthorn, 27.5 per cent 
Jersey, 11.5 per cent Holstein and 3 per cent Ayrshire 
cattle in 1920 to 75 per cent Jersey, and only 8, 11 and 6 
per cent respectively of Shorthorn, Holstein and Ayrshire 
in 1940. There was also a considerable increase during the 
period involved in the proportion of pedigree bulls used, 
but this was shown to be effective in increasing production 
only in the early stages. Improved feeding, including 
marked increases in the amounts of grass cut for hay and 
silage and in the amounts of grassland fertilized, and the 
a':lsociated increase in length of lactation appears to have 
been the largest factor in increasing production. 

Analyses such as these should be carried out in many 
countries and should be accompanied, as was the case in 
New Zealand, by critical study of how to speed up the 
process of livestock improvement in the conditions under 
study (27). 

The organization of livestock improvement on a national 
basis presents difficult problems, particularly in under
developed areas. Difficulties are encountered, even in a 
highly specialized dairy country such as New Zealand 
where there are not sufficient bulls of proven breeding 
ability to meet current needs. In areas where livestock 
production is less specialized, where outstanding sires are 
very few in number and where knowledge of improved 
breeding and husbandry methods is more limited, the 
problems are increased many fold. In such areas, few and 
sometimes no private breeders are equipped to carry out 
improvement work of the stud-breeding type, and such 
activities must be carried out on government-owned or 
sponsored farms. In such cases the establishment of 
village breeding centres offers one solution to the problem 
of getting improved blood into general use. 

Village breeding centres may be used in a variety of 
ways, the following being only an example to illustrate 
how they could be used in a national or area programme. 
Before deciding to use such centres, responsible officials 
should make certain that the sires they propose to use are 
of a type adapted to the area and that real improvement 
will be effected through their use. Let us assume that 
government or private stud farms can supply only enough 
males to place one in every 20th village in an area. Stra
tegically located villages would be selected, scattered as 
evenly as possible throughout the area to be served, and 
supplied vvith bulls (or other sires). Half-bred bulls from 
these village breeding centres would in turn be distributed 
to the surrounding villages. Just as soon as half-bred 
heifers of breeding age became available in the village 
centres, new bulls would be supplied for mating to them, 
so that three-quarter blood bulls would be produced. 
These would in turn be distributed to other villages for 
mating to quarter-blood heifers sired by half-bred bulls 
and to unimproved cows. Thus, all the cattle in the area 
would be graded up by a gradual process, and all the stock 
in an area would become high grades as sires having a high 
portion of improved blood became available for distribu
tion from the village breeding centres. This and related 
approaches should be examined carefully and adapted for 
use in areas where the supply of improved sires is scarce. 
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The need for an adequate system of checking performance 
of representative samples of the stock as the grading-up 
progresses should, of course, not be overlooked. 
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Adaptation of Livestock to New Environments 

JOHN HAMMOND 

ABSTRACT 

The effects of various environmental conditions (such as darkness-daylight hours, air temperatures, sunlight, 
humidity and poor nutritive conditions) on the animal are described in relation to the main factors affecting the economy 
of production such as survival rate, fertility, rate of weight gain and milk production. 

A knowledge of the optimum time of breeding in relation to the changes in daylight-darkness hours is one of the 
main factors affecting lambing percentages obtained in sheep. 

The chief factor which has prevented the wide utilization of the improved European breeds of animals in tropical 
areas is that of high air temperatures. One method of overcoming this is by the formation of new breeds combining the 
heat tolerance of native breeds with the high producing qualities of improved European breeds. This could be speeded 
up if a large number of breeding centres throughout the tropics would agree to concentrate on the same cross, so that 
there could be exchange of breeding stock. 

In areas of poor nutritive conditions it is impossible to make proper genetic selection for high producing qualities, 
but the formation of stud farms feeding above the general level in the area and providing males for use within the area, 
is the best means of effecting improvement until general nutritive conditions are improved. Where large differences in 
nutritive environment exist it is better to blend the newly introduced improved breed with the native than to try and keep 
it as a pure breed. 

IKTRODUCTION 

In nature, as Darwin pointed out, animals become 
eminently suited to their environment by the process of 
selection-elimination by death of those unsuited to their 
environmental conditions. This natural selection, however, 
is a slow and wasteful process, entailing the death of large 
numbers of animals, so that in the artificial selection and 
improvement of livestock for different environmental con
ditions we require scientific methods to speed this process 
and to do it with the least wastage possible. 

The first step in obtaining techniques for establishing 
and maintaining desirable breeds suitable to various cli
mates and regions is to find out the physiological effects 
on the animal of the different factors which go to make up 
the environment in which the animal has to live. The 
knowledge which has been accumulated concerning these 
different factors and their effect on the animal will be 
considered below. 

From a commercial point of view the chief qualities 
which are desirable in the animal are: 

(a) Livability, hardness and resistance to disease (often 
called "constitution") for it is more profitable to have a 
comparatively unimproved animal which will live longer 
than a much improved one which may have only a short 
Jife; 

(b) A high rate of reproduction and fertility so that 
populations can be expanded quickly to meet needs and 
reduce the overhead charges on the maintenance of breed
ing stock; 

(c) A good growth rate, suitable body proportions for 
meat production and the capacity for producing large 
quantities of milk for such qualities are associated with 
the efficient conversion of feeding stuffs into animal 
produce. 

In the account of the effects of environment on the 
animal which follows, therefore, it is th< se qualities of the 
animal which will be considered. 

HOURS OF DARKNESS AND DAYLIGHT 

The hours of darkness and daylight at different seasons 
of the year in different latitudes show great variations 
from poles to equator and are the most constant of all 
environmental conditions from year to year in each lati
tude. No wonder therefore that the animal, by the process 
of natural selection has been "conditioned" (as in a phy
siological "conditioned reflex") to respond in different 
ways to these changes in darkness-daylight hours. In all 
species and breeds, for example, of sheep which have 
originated in the sub-polar Northern Temperate Zone, 
natural selection has eliminated all those which do not 
breed except at a certain limited period of the year, for if 
the lambs are born too early in the spring they die from 
cold at birth and if born too late in the year they will not 
be old enough to survive the succeeding winter. Thus 
breeds of sheep (Blackface, etc.) which have originated in 
such areas (Scotland) have a very restricted breeding 
season, which (as the duration of pregnancy is five months) 
is limited by a "conditioning" effect to a period when the 
darkness to daylight hours are increasing rapidly. As one 
proceeds south towards the equator, however, the winters 
become less severe and there is a longer period of the year 
during which the lambs born will survive. Breeds (merino, 
etc.) which have originated in such areas (Spain) will there
fore have a much longer natural breeding season, and 
autumn as well as spring lambs can be obtained. 

The exact duration of the breeding season in relation to 
light changes for several breeds of sheep has been deter
mined by KeUey & Shaw (1943), Hammond Jnr. (1944), 
Yeates (1949) and others, while Yeates has also shown 
that in both ewes and rams the time of the breeding season 
can be changed by changes in the darkness and daylight 
ratios. 

When breeds which have originated in Northern lati
tudes are taken out of their natural habitat to other areas 
of the world, their use is often restricted by their limited 
breeding season which may not correspond with the con
ditions best suited for the survival of the lambs under the 
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n·:~w environmental conditions. Thus the improved mut
ton breeds of British sheep which (except for the Dorset 
Horn, which probably has merino blood in it) have origi
n tted in latitude 50° N breed quite well in Patagonia at 
50° S, but their breeding season is too restricted to give 
htgh fertility in other areas such as part of Australia and 
S·mth Africa (30° S) where wet and dry seasons or temper
ature conditions (see below) necessitate lambing in the 
autumn. In all breeds of sheep too the breeding season of 
the young ewe is more restricted than that of the old ewe 
(Hammond Jnr., 1944), so that in an exotic environment 
the age of puberty is frequently much delayed. A lack of 
knowledge concerning the optimum time of breeding of 
the different improved breeds of sheep in relation to chan
ges in darkness-daylight hours has resulted in much econo
mic loss from low lambing percentages in many parts of 
the world. 

The treatment of sheep with darkness to induce breed
ing at the required time of year in exotic environments is 
still in the experimental stage and no commercial means 
of doing this have yet been found. Where the object is 
cross breeding with rams of the exotic improved mutton 
breeds on ewes of the local breed for fat lamb production, 
it would be practicable to increase the darkness hours in 
the rams and inseminate ewes of the local breed. Since 
this character of seasonal breeding is inherited, it should be 
possible in all breeds to pick out individuals which vary in 
the direction of early breeding and by inbreeding and pro
geny testing to build up strains which would breed at the 
time of year required. This can also be done following a 
cross between appropriate breeds, for example Southdown 
(restricted breeding) and Blackhead Persian (Roux, Enge
la and Bosman, 1945). 

HAMMOND 

forthcoming. When species which have a breeding season 
are transported across the equator, the immediate results 
on their fertility will vary according to the darkness
daylight changes involved, and if immediate breeding is 
required in the new environment, a suitable time oi year 
should be arranged for the importation (Yeates, 1949). 

It should be noted that intensity of light is not involved 
in the above-mentioned reactions, provided the light is 
above a certain intensity. Of all species of farm animals 
the hen is probably the most sensitive in this respect; the 
intensity of light at which it goes to roost marks the level 
at which the critical intensity occurs. The effects of in
tensity of light will be considered below. 

AIR TEMPERATURES 

All warm blooded animals have the power of regulating 
their body temperature so as to keep it constant indepen
dent of the surrounding air temperature. This however 
only holds within certain limits of air temperature, and 
these vary as between different species and breeds of ani
mals. Thus, while below about 60° F. the body tempera
ture of the pig is unable to be maintained without extra 
consumption of feed, European breeds of cattle and sheep 
can withstand temperatures far below freezing point be
fore this happens (Brody, 1945). On the other hand when 
the air temperature rises above about 70 degrees F., 
European cattle lose control of their body temperature 
and it goes up (Rhoad, 1941). Under these conditions the 
food they consume is not used efficiently and growth and 
milk production is lowered (Regan and Richardson, 1938). 
These "critical temperatures" at which the normal heat 
regulating powers of the animal break down vary in 
different species and breeds, and this factor plays a large 

There is some evidence that within the breed the ratio role in the suitability of different breeds to commercial 
of darkness to daylight hours has also an effect on the production (which is the economical conversion of feeding 
number of twins born. In Suffolk sheep in England the stuffs into animal products) in a new environment. This 
frequency of twinning increases to a peak at some twenty factor has been the main one preventing the wide utiliza
weeks after the darkness hours have begun to increase tion of the improved breeds of European dairy and beef 
(HammondJnr., 1944); Yeates, (1949) results also suggest cattle in the tropical areas of the world. Since altitude as 
that drastic reduction of light increases fertility rate. well as latitude affects the temperature in any area, there 

There is scientific evidence to suggest that the way are certain localities even within the tropics which are 
darkness-daylight hours act on the animal is through suitable for the improved European breeds of cattle. If 
stimulation of nerves in the region of the head connected for any new environment it is required to find out whether 
with the hypothalamus and thence to the anterior pituita- or no a certain breed is suitable the respective climates of 
ry gland causing increased output of gonadotrophic hor- the two areas can be plotted as shown in Figure 1 (from 
mones. Some evidence is now accumulating that it is not Wright, I 945), the mean monthly temperatures and humi
the total amount of light or darkness in the twenty-four dities being plotted and lines drawn joining these points, 
hours which is the controlling stimulus, but rather that it thus forming a climate variation for the native locality of 
is due to changes in the rhythm of darkness-daylight the breed and for the area into which it is proposed to in
hours. For example, with a summer breeding animal such traduce it. 
as the ferret, the shortness of the night period is the con- Thus, in the above diagram, while English breeds of 
trolling factor, so that if the long winter night is split in cattle might thrive in Nuwaraeliya in the hill area of 
two by as little as one hour's electric light at midnight, the Ceylon, they would be quite unsuited to the lowland areas 
animals will breed during the winter months (Hart, 1948). round Colombo, where the Sindhi breed from North India 

The long-night breeding animals consist of sheep and would be more suitable. The same thing applies also in 
goats (Bissonnette, 1941), whereas the short-night breed- different areas of Kenya and Peru and other places with 
ing animals include horses (Burckhardt, 194 7) and poultry great variations in altitude within the tropics. 
(\Vhetham, 1933). There also exists a possibility, from Like many other functions of the body, the power of 
statistical evidence collected by Sanders (1927), that the heat regulation is gradually developed as the animal 
rate of milk secretion increases with decreases in darkness grows up, in most species of animals this being moderate
hours, through its effect on the lactogenic hormone of the ly, although not fully, well developed at birth. When the 
anterior pituitary gland, but no definite proof of this is yet ewe is poorly nourished during the later stages of preg-
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Figure l. (From Wright, 1945) 
Climographs for four localities in Ceylon (dotted lines) compared 

with two localities in Northern India and with England. 

in a circular fashion. If the hair felts into a compact ball 
the animal will have poor heat tolerance, whereas if it 
does not felt but the hairs remain separate the animal will 
have good heat acclimatization qualities. In some breeds 
of cattle such as the Galloway, and in the Bison, there is in 
addition to the long hairs an undercoat, which serves to 
keep a blanket of warm air over the body and so prevent 
loss of heat. It is for this reason that such breeds are suit
able for cold climates. Wind currents are effective in 
dispersing such a blanket of air and these can be reduced 
to a minimum by providing shelter belts of trees for cattle. 
Contrariwise the construction in hot climates of cowsheds 
so built as to create draughts will assist in the acclimati
zation of temperate zone breeds. Differences between sun 
and shade temperatures are well known; in hot sunny cli
mates the provision of sufficient shade trees within the 
paddocks will greatly assist in increasing production not 
only in exotic but also in indigenous breeds. 

The symptoms in the animal by which its unsuitability 
to high temperature conditions can be recognized are as 
follows (although other factors may be the cause of one or 
other of these symptoms). Body temperature and rate of 

nancy (Wallace, 1948), the development of the heat regu- respiration goes up in the heat of the day as compared with 
lating powers of the young at birth is retarded so that they the level in the cool of the night; the time spent in grazing 
suffer more from extremes of heat and cold than do those is reduced and that lying in the shade is increased (Rhoad, 
which are well developed at birth. For this reason breeds 1942; Bonsma, J. C., 1948) while in extreme cases intense 
of sheep which produce singles (large) rather than twins salivation occurs (Bonsma, J. C., 1940; Robinson & Lee, 
(small) are more suitable in very cold localities where 1946). There is a decline in fertility, survival rate, growth 
nutrition conditions are poor prior to lambing. This also rate and milk production which are cumulative from 
applies to hot climates where late autumn or winter generation to generation in animals unsuited to hot climate 
rather than spring lambing is favoured for this reason. and this Bonsma (J. C., 1948) considers may possibly be 
Since the heat regulating powers of the young animal are due to the development of the anterior pituitary gland 
low and increase as the animal grows up the difference (which controls these functions) being affected at an early 
between breeds in this respect is much more marked in age. The history of many herds established by Europeans 
calves than in adult cows (Bonsma, J. C., 1947), and so a in tropical areas shows that when these herds were first 
small as contrasted to a large rise in body temperature in established by obtaining native cows and crossing them 
the calf under hot air conditions forms a good method of with a bull of European origin, fertility, survival, growth 
selection of those which will be profitable cows under and milk production were good, but that as successive 
these conditions. For this reason too, moderately mature generations were obtained by matings with bulls of Euro
cattle will suffer less than will young calves when imported pean origin these qualities began to suffer-the rate at 
from temperate to tropical climates. which they deteriorated varying with the severity of the 

The means by which the animal is enabled to control the tropical conditions-until the cattle no longer became a 
heat regulating powers of its body are not yet completely commercial proposition. 
understood and are the subject of much research work at Large experiments in progress at Messina (Bonsma, 
present in progress. Certain facts however have been as- J. C., 1948), Matopo (Murray, 1948), Queensland (Kelley, 
certained which would lead one to suppose that although 1943) and Louisiana (Rhoad and Black, 1943) as well as 
in cattle sweat glands exist they are not functional (Yang, at many other places (French, 1940; Edwards, 1932) have 
1943) and that heat regulation is obtained by other means shown that these defects can be put right by the intra
such as radiation from the skin (Bonsma, J. C., 1940). The duction into the herd of some native blood which brings 
characteristics of the skin of the scrotum (which is known back the power of heat tolerance. In some places new 
to have good heat regulating powers)-thick when con- breeds have been developed from crosses between Euro
tracted, easily extensible and but lightly covered with hair pean breeds (having good beef conformation) and Zebu 
-are those which characterize the skin of an animal breeds (having good heat tolerance) and combining the 
adapted to high temperatures. When cattle from temper- good qualities of both (U.S.A., the Santa Gertrudis, Kle
ate zones are imported into tropical zones some are found berg, 1931; Philippines, the Philamin, Manresa, 1934). 
to shed their thick winter coat and remain permanently in Since in first crosses heat tolerance is almost, but not 
a short summer coat (these are the animals which acclima- quite, completely dominant, that is, the first cross animal 
tize best) while others retain their thick winter coat, and has almost the same heat tolerance as the pure tropical 
acclimatize badly. Bonsma, J. C. (1948) has devised a breed, the first cross between the improved European dairy 
very simple test by which these differences can be dis- breeds and the native cattle has been used for milk pro
tinguished. Some hai~ is clipped from the s~in, put in the duction in many parts of the tropics, but as yet no new 
palm of the hand, mmstened and rubbed w1th the fingers breed has been evolved from these crosses for dairy pur-
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poses as has been done for beef cattle-probably because 
dairy cattle are usually kept in smaller units than are 
}y~ef cattle. 

The production of new breeds of dairy cattle suited to 
tl1e tropics would be considerably speeded up if a 
n'Jmber of breeding centres throughout the tropics con
CI'ntrated on the same cross so that there could be an ex
change of breeding stock between these centres and so 
a void the inbreeding which is certain to occur where the 
unit is a small one. Thus if two new breeds, say from cros
S<·s between the Jersey and Sindhi zebu (as is now being 
carried out in the Gulf region of U.S.A.) or from crosses 
between the Friesian and Sahiwal zebu (as is now 
carried out in Jamaica) were concentrated on, results 
would be achieved far quicker than where a large number 
of combinations of different breeds in small units were 
attempted, as is being done at the present time in various 
areas of the tropics. 

The various improved breeds of cattle of European 
origin differ considerably in their tolerance to high air 
temperatures and this can be measured by the heat toler
ance test of Rhoad (1940) in which the animal is exposed 
to high air temperatures and its rise in body temperature 
is measured. The results of such tests so far made on 
different breeds indifferent parts of the world have recently 
been summarized by Rhoad ( 1948) ; most of these tests 
a.:5ree that among the European breeds so far tested the 
Jersey is the most and the Aberdeen Angns the least 
suited to high temperatures. 

Since all those things which raise body temperature, 
such as a high plane of nutrition (Robinson and Lee, 1947), 
high milk production and exercise throw an extra strain 
on the heat regulating powers of the body, it is with these 
classes of livestock that adaptation to high temperatures 
is most important. In equines, the heavy horses which 
have originated in the North Temperate Zone have the 
least heat tolerance while the donkey originating in the 
tropics has the best heat tolerance, the light horses such 
as the Arab being intermediate in this respect. As with 
cattle, heat tolerance is dominant in first crosses and so 
the mule is most useful for work purposes at high tempera
tures. 

With pigs introduced into areas of high temperatures, it 
is advisable to provide a water bath so that by evapo
ration of water afterwards the body temperature is lower
ed, as occurs with the water buffalo after a shower of rain 
(~finett, 1947). 

SUNLIGHT 

HAMMOND 

harmful effect on breeds which have their origin in dull 
climates. 

Absorption of the heat rays at the red end of the spec
trum is facilitated by a black coat of hair whereas they 
are reflected by white hair (Bonsma, 1943). Deeper 
tration of these rays into the tissues underlying the is 
prevented by pigmented skin so that a type of colouration 
found frequently among animals in bright sunny areas is 
that of white or light coloured hair overlying a pigmented 
skin. The eyes are particularly susceptible to strong sun
light and ophthalmia is frequent in exotic cattle introduced 
into areas of strong sunlight, although deficiency of vita
min A (provided by green feed) is probably a contributory 
cause of ophthalmia in cattle (Maynard, 1947) rendering 
them su:oceptible. It is said that Hereford cattle with red 
rings round the eyes are less susceptible than those with 
completely white faces, but further facts are required. 
Another character, found in Afrikander cattle, which 
helps to protect the eye from sunlight is the drooping, 
overhanging eyelid. 

It is in those species which have little hair, such as the 
pig, that the penetration of rays into the tissues underlying 
the skin causes the trouble. Pigs with coloured 
skins are therefore preferred in strong sunlight areas where 
there is but little shade. Some individual pigs of the white 
breeds seem to be more resistant than others, but the 
exact cause for this has not yet been determined. Since 
most of the bacon breeds of pig in the world are white, 
there has been a need to produce a coloured bacon pig for 
sunny climates. This has been done by Winters (1948) 
by the formation of a new breed-the Minnesota No. 1-
from a cross between the white Danish Landrace and the 
red Tamworth. It is also being attempted in New Zealand 
in the Lincoln Red breed formed from crosses between the 
Tamworth and Large White. An attempt to fulfil this 
need of a coloured bacon pig for sunny climates is also 
being made in another way-by improving the bacon 
qualities of existing black breeds (Large Blacks in South 
Africa and Canadian Berkshires in Australia). 

Exposure to bright sunlight after eating lush autumn 
grass following a dry period causes facial eczema in sheep. 
Certain breeds and strains with white or weakly pig
mented skin are more susceptible to this than others 
(Cunningham, 1947); other similar photosensitive diseases 
may occur in sheep not heavily pigmented or covered by 
wool. 

HUMIDITY 

In those animals which sweat (such as the horse) and in 
which the evaporation of moisture plays a large part in the 

Deficiency in vitamin D, which is provided in ultra lowering of skin temperature, high air humidities together 
violet light, is the cause of incomplete utilization of cal- with high temperatures are very detrimental to their 
cium by the body and leads among other things to the health and production. This factor has to be taken into 
dt~velopment of rickets in the animal. Consequently the consideration in the introduction of new breeds of live
trouble is mostly found in housed stock such as pigs kept stock into any area; for this purpose climatic maps (as 
in dull and cloudy climates. This vitamin can however be shown in Figure 1) of the regions concerned are useful in 
supplied by feeding irridiated ergosterol. While fowls and estimating the chances of success in the introduction of a 
turkeys suffer more from lack of this vitamin than other new breed. 
species, little or nothing is as yet known about the varying In hot arid climates, where evaporation of moisture from 
n·quirements of the different breeds of livestock, nor the animal is high, there is a great loss of salt from the body 
""hether superabundance of ultra violet rays, as would in the sweat, so that the provision of plentiful supplies of 
o·:cur at high levels in summer in the tropics, has any common salt as well as water is necessary for the proper 
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acclimatization of animals in such areas. But little work 
has yet been done on the physiological differences be
tween different breeds in relation to humidity. There are 
however other factors which indirectly affect livestock in 
areas of high rainfall often associated with high humidity. 
In such areas the soil frequently becomes acid and leached 
of calcium and phosphates and so breeds which have a 
small skeletal structure and which therefore make smaller 
demands on calcium and phosphate prove most suitable 
for production. Thus in most high rainfall areas deficient 
in calcium and phosphate, such as Brittany, Norway, 
coastal areas in \Vest Africa, etc., small breeds of cattle are 
found (Ashton, 1930, Phillips, 1948). 

An attribute of many animals found in arid areas is that 
they have deposits of fat in the body which act not only as 
reserves of energy but also of water, for when fat is broken 
down it supplies an equal weight of water for body meta
bolism. In areas where it is hot as well as arid this fat is 
usually located in certain well defined areas and not 
spread over the general surface of the body so as to allow 
heat radiation to occur the more easily over the general 
surface of the skin. Examples of this are seen in the hump 
of the camel and zebu cattle and in the fat rump and fat 
tail of various African and Asiatic breeds of sheep. When 
the introduction of exotic breeds into such areas is under
taken, additional water supplies, beyond those which are 
necessary for the local breeds, in the dry seasons of the 
year are required. 

In very dry areas where the vegetation consists of the 
deeper rooted shrubs and bushes rather than herbage 
plants, those species and breeds which have browsing 
rather than grazing habits thrive best. In such areas goats 
thrive better than the mutton breeds of sheep, although 
some breeds of sheep will accommodate themselves to 
browsing. In comparatively dry areas vegetation is usual
ly sparse and animals have to range over considerable 
areas to obtain sufficient quantities of food. In such areas 
breeds of sheep which have a flocking habit and graze 
closely together (such as most mutton breeds) are at a 
disadvantage as compared with those breeds (such as the 
Merino) which spread out and graze singly. The ranging 
habits of the Hereford breed of cattle, as compared with 
those of some other breeds, make it adaptable to such 
areas. 

In districts in which there is considerable snow and 
frost, sheep with close fleeces (such as the Romney) are to 
be preferred to others which have open fleeces (such as the 
Lincoln) for in the latter snow and frost are likely to pene
trate to the skin on the back and cause frost bite. In such 
climates too much wool on the head over the eves is liable 
to cause snow blindness. It is said, too, that"in cold wet 
areas a fleece which has an overcoat of long fibres (which 
cause the rain to run off) and an undercoat of fine short 
fibres (providing an insulating blanket of warm air) have 
considerable advantages; this type of coat is found in 
Blackface sheep and in Galloway cattle as well as in other 
breeds coming from such areas. 

MISCELLANEOUS 

In addition to the general factors concerning climate 
and environment, there are a number of special local cir-

cumstances which may limit the use of certain improved 
breeds of livestock in these areas. 

In some areas of Australia and South Africa certain grass 
seeds catch in the coat of wooled sheep and penetrate the 
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Figure 2. (From ::\.IcMeekan. 1939) 
Differences in the body proportions of pigs at 16 weeks old, fed on 
high and low planes of nutrition. The weight of the joint in the 
high-plane is shown as a percentage of the weight of the joint 

in low-plane pigs. (Compare with Figure 3.) 

Figure 3. (From Hammond, 1947) 
Changes in the proportions of the pig brought about by selection. 
Each animal is reduced to the same head size. As an improved 
breed such as the Middle White grows up, the proportion of loin 
to head and neck increases greatly: but an unimproved type such 
as the \Vild Boar up without much change in body propor-

(Compare with Figure 2). 
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Figure 4. (From Murray et al., 1936) 
Growth curves of cattle under low nutrition conditions of the Rhodesian Veld. Gain in weight during summer is followed by loss in 
winter, so that it is not until the end of the third summer that killing weight is attained. By giving supplementary feed for a 

short time during the "inter, the marketing weight is reached a year earlier 

skin causing ulcers and death. In such areas however it is 
possible to use hairy coated types of sheep such as the 
Blackhead Persian for mutton production. In some 
districts, too, with low growing thorn bush, short-legged 
breeds of cattle with loose pendulous sheaths to the penis, 
such as the Sahiwal zebu, are liable to injury with resul
tant low fertility, although in such areas long-legged 
breeds of cattle with a close set sheath are commercially 
profitable. 

POOR NUTRITIVE CONDITIONS 

In areas where the herbage is scanty or of poor nutritive 
value, the maintenance of improved breeds of livestock 
with high productive levels forms a special problem. The 
history of such areas is usually that improved breeds have 
been introduced but that in successive generations they 
gradually deteriorate, so that unless they are being con
tinually reinforced by imports from other areas of better 
nutrition, the productivity of the stock gradually declines. 
To understand why this should be so, it is necessary to 
consider the effects of undernutrition on the growth and 
development of meat conformation in the animal. McMee
kan (1939) has shown that, when pigs are fed on a low 
plane as compared with a high plane of nutrition, the 
growth of the later developing and more valuable parts 
and tissues of the body (loin, fat) are inhibited consider
ably more than those of the earlier developing (head, bone) 
parts and tissues (Figure 2). 

The effects of poor nutrition, especially in the early 
period of life when most of the changes in body form are 
taking place, are similar in cattle (Trowbridge et al, 1918; 
Frederiksen, 1929) and in sheep (Verges, 1939). It is 
thus not possible to make proper genetic selection for high 
proportions of loin and valuable parts of the body under 
conditions of poor nutrition, for the development of these 
in the individual is limited by the nutrition and not by 

the genetics of the animal. All animals change in the 
proportions of the different parts of the body as they grow 
up. Improvement for meat qualities in animals has been 
brought about by feeding on a high plane of nutrition to 
develop the later growing and more valuable parts of the 
body and selecting those in which this development is 
greatest for use as breeding stock (Hammond, 1947). 
Thus the wild boar changes but little in conformation 
as it grows up, but improved breeds of pigs change 
greatly (Figure 3). 

"''hen improved breeds of meat producing animals are 
kept under conditions of a poor nutritive environment, it is 
therefore impossible to make proper genetic selection of 
breeding stock and the breed gradually degenerates to a 
conformation such as can be supported by that nutritional 
environment. Consequently there have to be continuous 
imports of breeding stock which has been selected under 
high-plane feeding conditions. This import can be mini
mized by setting up, in the locality of the poor environ
ment, stud herds and flocks which are specially fed on a 
higher plane of nutrition to supply males selected there for 
use in the unfavourable nutritive environment. In order 
to select for hardiness and suitability to the environment 
as well as for good meat qualities, it is advisable to draw 
the breeding females for such stud herds and flocks from 
old females which have survived well and show good con
formation when kept under poor nutritive conditions and 
to breed and select the males for good meat qualities from 
those which have been reared from such females under 
conditions of high nutrition. Thus by selection of the male 
sex for meat production (under high-plane nutrition) and 
the female sex for suitability to environment (under low
plane nutrition), a combination of these qualities will be 
obtained in the offspring. 

For maintaining a high level of meat quality in areas of 
poor nutrition, much can be done by extra feeding during 
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the winter period of the first year of life (Figure 4) and so· 
making the animal pass quickly through the stage of life 
when it suffers most from a low nutritional level. 

There is little or no evidence to show that native breeds 
suffer any less from poor nutritive conditions than do im
proved breeds of stock. Experiments in progress at Preto
ria (Bonsma, F. X., 1948) and at Matopo (Murray, 1948) 
show that poor nutritive conditions (as distinct from those 
of temperature) affect the native quite as much as the im
proved breeds. Unimproved native cattle have no greater 
powers of digesting fibrous feeding stuffs than have high 
grade European breeds (French, 1940). 

The method of creating a special environment in which 
to make selection of breeding stock for genetic improve
ment for distribution to less favourable nutritive environ
ments, where proper genetic selection is not possible, is 
applicable to milk as well as to meat production. For 
example, in India where many of the cattle are kept on a 
low plane of nutrition, it has not been possible to breed for 
high milk production. When such cattle however are 
selected and bred under high plane nutritive environ
ments, such as exist in some of the experimental herds, it 
has been found possible to make proper selection of breed
ing stock and so gradually to improve milk yields (Figure 
5). Such herds are then able to supply good breeding 
stock to other areas. 
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Figure 5. (From Hammond, 1947, after \\'right, 1937) 
Average milk yield of cows in two experimental farms in India 
since modern methods of feeding and management have been 

adopted. 

The best method of introducing improved livestock into 
areas of low nutrition is by introducing males only and 
crossing these with the local breed, so that gradual adjust
ment can be made to new conditions. This gives time for 
gradual improvement in the nutritive conditions of such 
areas to be made so as to support a higher producing 
breed. If a high milk producing breed is introduced as a 
pure breed into an area of low nutrition there is the danger 
that the cows will milk the flesh off their bones and so 
undermine their constitutions that they soon fall prey to 
disease. 

In many areas the present poor nutritive conditions 
could be much improved by additional fencing and ro
tational grazing, and also by the provision of more water
ing facilities, so that the country does not become over 
grazed in the region of the present water locations. 

In some areas the poor nutritive conditions are caused 
not so much by sparseness of grazing as by lack of some 
specific or"trace" element in those areas, such for example 
as the cobalt deficient areas in New Zealand, the copper 
deficient areas in Australia, the phosphate deficient areas 
in South Africa etc. Here the remedv is not that of breed
ing stock to suit the locality but r~ther the provision of 
the deficient mineral in salt licks. 
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Adaptation of Livestock to New Environments (Techniques 
Desirable Breeds Suitable for Establishing and Maintaining 

Climates and Regions) to Various 

A. 0. RHOAD 

ABSTRACT 

The techniques for establishing and maintaining desirable breeds suited to various climates and regions are de
pendent upon the level of the two environments concerned, that is, the home and the new environments. There are three 
possibilities: (1) where the new environment is on an equivalent level to the home environment; (2) where the level of 
the environment is higher, and (3) where it is lower than the home environments. In the first case the simple technique 
of grading-up to the imported breed has given excellent results. In the second case the technique is based upon selec
tion of those individuals that show greater response to the higher environmental level. In the third case, the techniques 
of selection within indigenous or highly adapted stock are producing satisfactory results but it is a slow process. 

Another technique is cross-breeding the highly productive but low adaptable breeds with the highly adapted but 
genetically low productive native breeds. Two cross-breeding techniques are discussed-first, the use of hybrid sires 
for grading-up purposes, and second, the development of new breeds from existing cross-bred types or evolving new 
breeds through large scale cross-breeding programmes as was accomplished in the development of the Santa Gertrudis 
breed of beef cattle. 

In several papers Hammond (3, 4, 5)1 has clearly pre
sented the basic principles of the relationship of environ
mental conditions to animal breeding. In these papers it 
is established that size, conformation, productiveness, and 
adaptability of all classes of livestock are to a considerable 
extent the expression of environmental conditions acting, 
through physiological processes, on the gene complex. The 
subject of the relative effects of the gene complex, or here~ 
dity, and of the environment is as old as biology itself but 
has been placed in strong focus recently because of a 
:-:chool of thought that wishes to ignore entirely much of 
the accumulated knowledge of genes and their interaction. 
However, in the field of livestock production a mathe-

1 )lumbers ''ithin parentheses refer to items in the bibliography, 

matical method has been developed through which the 
relative effects of heredity and environment can be deter
mined. The results of these investigations, recently sum
marized by Phillips (2), indicate that for characters of 
economic importance, heredity, or the gene complex, ac
counts for approximately35 percent of the observed vari
ability between individuals and that environment accounts 
for the remainder. When data for these studies are from 
widely scattered herds, the percentage of the observed in
dividual variation due to heritability is usually less than 
35 per cent, and only when the environment is rigorously 
controlled, as in feed lot experiments, does the heritability 
far exceed 35 per cent. 

A study of the above references emphasizes that the 
environment not only limits the expression of the genes 
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but that livestock are most efficient producers when the 
gene complex and the environments are in adjustment. 

Adaptation is the adjustment of an organism to its en
vironment. The subject of adaptation of livestock to the 
environment is clearly presented in the recent FAO publi
cation, "Breeding Livestock Adapted to Unfavourable En
vironments" (2). 

The techniques to be employed in bringing about adap
tation to new environments depend on the level of the two 
environments concerned, namely, the home environment 
and the new environment. Of these there are three possi
bilities: first, where the new environment is on an equiva
lent level to the home environment; second, where the 
new environment is on a higher level than the home en
vironment; and third, where the new environment is on a 
lower level than the home environment. 

In the first case little or no adjustment or adaptation is 
necessary. For example, highly bred stock of improved 
breeds from England and northern Europe, the home en
vironment of many modern breeds, was transported to 
new environments of New England and of the Argentine 
without the necessity of making great adjustments be
cause the level of the new environment in respect to supply 
of feed and type of climate was very similar to that of the 
home environment. To improve local classes of livestock 
the simple technique of grading-up through the continued 
use of purebred sires of the imported breeds was sufficient. 
The high productive level of livestock in Canada, the 
northern tier of states in the United States, and of the 
Argentine, Uruguay and Chile is the result of this simple 
technique. Likewise the cattle of India when transported 
to Brazil required no process of adaptation to the new en
vironment. When the home and the new environments 
are similar no more complicated breeding technique is 
required. 

In the second case, where the level of the new environ
ment is higher than the home environment, either in feed 
supply or more favourable climate, the technique of adap
tation is based upon selection. It is the constant aim of 
the breeder and the science of animal husbandry to im
prove the environment and to select future breeding stock 
from those individuals whose gene complex responds 
favourably to the new but higher environmental levels. 
These levels have been raised to where they are highly ar
tificial, and further genetic improvement of the highly 
specialized breeds is dependent upon improving their al
ready highly artificial environment. Even with local, not 
highly specialized, criollo breeds, as the Romo-Sinuano 
cattle of Colombia or the Caracu cattle of Brazil, both 
eminently adapted to their severe tropical climates, a 
steady improvement in conformation and productiveness 
has been possible through selection, with, however, a con
current though minor improvement in level of environ
ment, especially the nutritional environment. 

A striking example, cited by Hammond (5), of increasing 
gene adaptation with improvement in environment, es
pecially nutritional environment, is the increase in milk 
production of the Lyallpur and Pusa herds of Zebu cattle 
in India. Over a twenty-two-year period, the Pusa herd in
creased from an average daily production of 5.8 lb. of 
milk in 1912 to 18.5 lb. in 1931, approximately the same 
increase in production as obtained in the Lyallpur herd 

over a similar period of time. The above examples il
lustrate how through improving the environment, selec
tion for the required genes is facilitated. 

In the third case, where the level of the new environ
ment is lower than the home environment, either in feed 
supply or less favourable climate, the techniques are more 
complicated and less thoroughly known. This is especially 
true when specialized classes of livestock of temperate cli
mates are transported to the tropics. This is largely due to 
the presence of contrasting characters that are not con
cerned in the first or second case, namely, that of high 
versus low heat-tolerance. Through the evolutionary pro
cess of geological time, the classes of livestock that evolved 
in the tropics developed a high tolerance for heat, while 
most classes of livestock that evolved in temperate or cold 
climates developed only limited tolerance. This special 
subject of the adaptability of livestock to climatic stress 
has been recently reviewed by Lee and Phillips (6). 

In all classes of livestock in the tropics it is essential that 
a high heat-tolerance be maintained. The disregard of 
this fact explains the failure of the grading-up technique 
when breeds of temperate climate origin are imported into 
the tropics for the purpose of increasing milk or meat pro
duction, because as the local tropical cattle are graded up 
towards the imported temperate climate breed there is 
concurrently a grading-away from heat-tolerance. In
vestigations have shown, in severe tropical climates, that 
cattle graded up to European breeds beyond the second 
generation begin to degenerate. 

There are, however, several techniques that have been 
useful in obtaining high production with high heat-toler
ance. The first is to work entirely within the tropical 
breeds and by improving the environment, increase the 
rate of selection towards higher production. This is case II 
as given above and is being successfully used with dairy 
cattle in India, and with beef cattle in Colombia. This is a 
slow process and is recommended only under the circum
stances where the environment can readily and economi
cally be improved. 

The second possibility is to incorporate, through cross
breeding, gene complexes for high production into tropical 
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Figure l. By crossing breeds of low tolerance for heat (upper solid 
curve) with breeds of high tolerance (bottom curve) the half
bred retains most of the tolerance of the tropical breed. Back
crossing to the low tolerant breed produces progeny of almost 
equally low tolerance. The degree of heat-tolerance has been 
shown to be synonymous with adaptability to tropical climates. 

(From Rhoad, Proc. Amer. Soc. Anim. Prod., 1939). 
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Figure 2. A h alf-bred Brahman x Angus hy brid sire used in 
grad ing up experiments wit h native tropical cows at Turria lba, 
Costa R ica. The use of sires of this type improves production and 

maintains adaptability in t he progeny. 

breeds, possessors of gene complexes for high heat-toler
ance. The resulting first generation offspring show great 
improvement in production and at the same time retain 
most of the heat-tolerance of t he local parent. (See 
F igure 1.) 

There are several cross-breeding techniques that may 
be followed. The simplest of these is a combination of 
cross-breeding and grading-up. Hybrid sires are produced 
by cross-breeding good purebreds, as Brahman x Aber
deen Angus, and grading-up to the type of the hybrid sire. 
It is the same technique as in case I above with the im
portant exception that hybrid rather than purebred sires 
are used. When good purebred parents are used for pro
ducing the hybrid sires, the results as reported by Rhoad 
and Black (7) have been very satisfactory . Figure 2 shows 
one of the Brahman x Angus half-bred hybrid sires now 
in use at the Inter-American Institute of Agricultural 
Sciences. 

The same technique is in use with dairy cattle. In the 
Caribbean area, some government experiment stations (1) 

RHOAD 

produce hybrid, European x Zebu, dairy bulls from good 
parent stock for distribution into dairy herds. 

Through the use of good hybrid sires the technique of 
grading-up can be followed continuously without losing 
adapt ability to tropical conditions. The key to success in 
this technique is to find or to develop sources of good hy
brid sires. The technique is best suited for use in commer
cial herds. 

Because cross-breeding has been going on for many 
years in the American tropics, though much of it has been 
unsystematic, there are, nevertheless, many cross-bred 
individuals that combine good production with high toler
ance for heat that could be the foundation for new breeds. 
The evolution of these into fixed breeds would follow the 
general techniques of selection, inbreeding arid progeny 
testing, the system through which many of our modern 
breeds were established. Another procedure in establishing 
new breeds would be similar to that followed in establish
ing the Santa Gertrudis breed of beef cattle. This breed 
was planned in order to overcome the degeneration of 
purebred and high-grade Shorthorn cattle due to lack of 
adaptability to sub-tropical conditions of South Texas. It 
started with a cross-breeding programme in 1910 through 
the use of Zebu males and Shorthorn females, and through 
intense selection and inbreeding of the cross-breds de
veloped into an established breed in 1940, thirty years 
after the initial cross-breeding. F igure 3 illustrates how 
this breeding programme was carried on through the con
current use of single sire and multiple sire herds. A com
plete account of the establishment of this breed was re
cently published by Rhoad (8) . A similar type of cross
breeding programme with the Scindi and Jersey dairy 
breeds is now being conducted by the United States De
partment of Agriculture in co-operation with various 
State experiment stations in the lower South. 

Although the above outline relating to techniques is 
over-simplified, it emphasizes two basic principles, name
ly, that the system of adaptation employed depends to 
some extent on the differential between the home and the 
new environment; and second, that in unfavourable en
vironments use must be made of t he inherent adaptability 
of livestock indigenous to the unfavourable environment. 

Can e lo 
'------------Halfbre d Cows 

Figure 3. The breeding t echnique employed in t he development of the Santa Gertrud is breed of beef cattle. The concurr ent use of 
single-sire and m ultip le-sire herds greatly accelerated the establish ment of t his breed from a B os indicus x B os taurus cross-bred 

foundation. (From Rhoad, j our. H eredity (vol. XL, pages 114-126\. 
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Adaptation of Livestock to New Environments 

J. 0. GRANDSTAFF 

ABSTRACT 

The first step toward establishing and maintaining desirable breeds of livestock suitable to the climate of a region 
is to study the environmental conditions that are peculiar to the region, and determine the requirements for adaptability 
and satisfactory performance of livestock under those conditions. This procedure is especially important in regions 
where the environment is unfavourable for highly developed breeds. The application of this concept in developing an 
improved breed of sheep suited to the semi-arid ranges of the Navajo Indian Reservation, and to the economic require
ments of the people is discussed. 

At the southwestern Range and Sheep Breeding Laboratory, Fort Wingate, New Mexico, two techniques are being 
used in the experimental program for improvement of Navajo sheep. 

I. Selection within the well adapted but unimproved breed of old-type Navajo sheep. 

2. Development of new breeds or strains that are graded only part of the way up to the improved breeds. 

Selection among Navajo sheep has been most effective for characteristics having greatest variability, particularly 
those associated with fleece weight and fleece quality. Body conformation of Navajo sheep is uniformly poor, therefore 
not much opportunity for selection has been available. 

Hybrids having inheritance of one-half from the Navajo and one-half from improved breeds retained a high per
centage of the adaptability inherent in Navajo sheep, and have maintained a high level of fertility and reproduction. The 
performance of both the Navajo and crossbred sheep is strongly influenced by yearly variations in precipitation and 
range conditions. When the ewes are subjected to a low level of nutrition as in drought years, the growth rate of Navajo 
lambs is usually equal to or superior to that of the hybrids. Under more favourable conditions the hybrids have demon
strated greater capacity to make good gains. 

Crossbred sheep having inheritance of one-quarter from the Navajo and three-quarters from improved breeds have 
shown a greater decrease in adaptability and fertility than animals having inheritance of one-half Navajo and one-half 
improved. There was a decrease in the percentage of conceptions and in survival of lambs from birth to weaning age, 
although not large in either instance. Results to date indicate that for satisfactory adaptability and an adequate level of 
fertility and reproduction the hybrids should have inheritance of at least three-eights Navajo, and not more than five
eights from improved breeds. 

Hybrid rams produced in the experimental breeding project at Fort Wingate are being used for grading up Indian 
owned flocks of sheep on the reservation as the work of developing a new breed continues. 

The environment of an area is the product of various 
climatic factors, the most important of which are tempera
ture, moisture, sunlight, wind velocity and altitude. In
dividually and collectively these climatic factors affect 
animals through their influence on the quantity and 
quality of available forage and drinking water, parasites 
and disease, and storms. Also they affect the different 
physiological systems of animals. Hammond (6, 7) 1 has 
shown that hardiness and resistance to disease, level of 
fertility and reproduction, growth rate, body size, con
formation and productiveness are to a considerable degree 
the expression of environmental conditions acting through 
the gene complex or hereditary make-up of the animals. 
This, however, does not mean that heredity is unimportant 

1 Numbers within parentheses refer to items in the bibliography. 

or even of minor importance, for heredity circumscribes 
the individuals' possibilities, and environment determines 
how far the individual actually goes toward fulfilling those 
possibilities(lO). 

The manner and the extent to which body functions and 
productive characters of livestock are influenced by the 
different climatic factors not only varies from one region 
to another, but changes with the requirements of each in
dividual breed and type of livestock. Considerable in
formation on the response of animals to different environ
mental conditions has been collected during the past two 
decades by research workers located in various parts of 
the world. Some of the important facts are given in re
ports by Hammond (8), Rhoad (9), Phillips (5), and 
Douglas, et. al. (4). A study of these and other references 
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clearly shows that livestock not only do best when adapted 
to the environment in which they live, but are actually 
limited in the expression of inherited capacity when not 
adapted to the environment. Therefore selection of breed
ing animals is most effective when practised in an environ
ment typical of the one in which the breed will be commer
cally produced. Animals selected in an artificial environ
ment often show a marked decline in productiveness when 
subjected to practical conditions. 

The techniques to be used for establishing and main
taining desirable breeds suitable to various climates and 
regions will vary, depending upon the kind of environ
ment in which the animals will be maintained. The first 
logical step toward improving the livestock of a region is 
to study the environmental conditions that are peculiar to 
the region, and determine the requirements for adapta
bility and satisfactory performance of livestock under 
those conditions. The breed not only must be suited to 
the environment but also to the economic needs of the 
people. The primary purpose of this paper is to illustrate 
how that concept can be applied in developing breeds and 
strains of sheep to meet specific conditions of a region. 

Much of the land in the southwestern part of the United 
States is semi-arid, and therefore is suitable only for the 
grazing of livestock. The productiveness of livestock in 
this area is limited, however, by the low annual precipi
tation and wide variations in the amount and distribution 
of rainfall within and between years. In an area of this 
type the ability of livestock to survive and reproduce is 
sometimes of greater importance than their inherited pro
ductive capacity. 

The Navajo Indian Reservation is in many ways typical 
of large areas of the southwest and the need for improve
ment of Navajo owned livestock, particularly sheep, is 
greater and at the same time more complex and challeng
ing than in other areas of the southwest. The reservation 
occupies an area of about 16 million acres in northeastern 
Arizona, northwestern New Mexico and southern Utah. 
The entire area is mountainous and semi-arid with ele
vations ranging from 3,500 to 9,000 ft. above sea-level. 
The plants of this area consist mainly of grass, browse and 
weeds suitable for the maintenance of livestock. However, 
the naturally sparse vegetation has been seriously de
pleted by overgrazing, resulting in extensive and wide
spread soil erosion. 

The climate of this region is very dry, with more than 
half of the rainfall coming in a period of a few weeks, from 
late June to early September. The total annual precipi
tation varies from 8 in. at low elevations, to about 20 in. 
at the higher levels. Severe droughts are not uncommon. 
The winters are comparatively mild, while the spring 
months are characterized by strong southwest winds 
which quickly deplete soil moisture. This naturally has 
an adverse effect on spring feed conditions and the 
development of young livestock. 

A population of about 65,000 Navajo Indians live on or 
adjacent to the reservation. About 80 per cent of the 
people are non-literate and have a low economic status. 
Sheep raising has been their principal means of subsistence 
for many generations, but the reservation will no longer 
s tpport numbers of sheep sufficient to maintain the rapid
h' growing population. Sheep numbers which at one time 
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exceeded a million head have been reduced to about 
360,000 units, to permit recovery and improvement of the 
ranges. In addition to the income derived from wool, 
lambs and cull ewes sold through regular marketing chan
nels, sheep also provide the Indians with meat for home 
consumption and wool for hand weaving. Rug weaving 
utilizes from 15 to 20 per cent of the wool and is important 
as a means of subsistence, particularly in seasons of the 
year when many families have little income from other 
sources. The sheep are maintained in small flocks of 25 to 
200 head, herded mostly by women and children. Poor 
management practices such as trailing the flocks of sheep 
long distances to water and feed and returning each night 
to a corral near the hogan has had detrimental effects on 
the range, and consequently limits the productivity of the 
sheep on the reservation. 

The old-type Navajo sheep is believed to be descended 
from the Churro, a coarse-wooled, lowland sheep of Spain, 
introduced into what is now the southwestern part of the 
United States by the Spanish during the latter part of the 
sixteenth century. The Navajo sheep are comparatively 
small, fine boned, narrow bodied and upstanding, but ex
tremely hardy and well-adapted to the environment of 
this area, a result of about 400 years of almost natural 
selection. These sheep have a high level of fertility and 
reproduction, and strong teeth which are essential for long 
life on semi-arid ranges. The ewes have a well developed 
maternal instinct and are excellent milk producers, which 
enables them to raise a high percentage of their lambs 
under adverse conditions. The sheep produce small fleeces 
of wool containing varying amounts of coarse hair, kemp 
and other medullated fibres. Wool of this type is suitable 
for making Navajo rugs but has low commercial value. 
Compared with improved breeds, the Navajo sheep would 
be considered sadly deficient with respect to the quality of 
wool and lambs, but it can be seen that they have many 
characteristics that are necessary in order to survive 
and maintain a satisfactory level of reproduction under 
adverse conditions. 

In recent years the old-type Navajo sheep have practi
cally disappeared from the ranges of the reservation as a 
result of the grading up of Navajo flocks with purebred 
rams, principally of the Rambouillet breed. Through this 
process of sheep improvement the superior qualities in
herent in the Navajo breed with respect to adaptability, 
longevity of life, fecundity and maternal characteritics 
are gradually being lost to a considerable extent. More
over the resulting type of wool is unsatisfactory for 
Navajo hand weaving. 

On the Navajo Reservation there is need for a breed of 
sheep that has a high degree of adaptabilitytotheenviron
mental conditions of this area, a high rate of reproduction 
and fertility and a good growth rate, with body size and 
type suitable for the most efficient conversion of range 
forage into meat and wool. To meet the requirements of 
the Indians, the wool should be suitable for hand weaving 
and have a market value equal to that of other improved 
wools of similar grade. Results of experimental tests show 
that wool of one-quarter blood and low one-quarter blood 
fineness meets these requirements. Sheep with similar 
qualities but producing a finer wool (one-half blood) would. 
be valuable to other sheep-producing areas of the south-
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west, and either or both types might be useful for im
proving existing breeds of sheep in other semi-arid regions 
of the world. 

A project to develop new breeds and strains of sheep 
adapted to the semi-arid ranges of the southwest and to 
the economic requirements of the sheepmen, was initiated 
at the Southwestern Range and Sheep Breeding Labora
tory, Fort Wingate, New Mexico, in 1936. The research 
program of this laboratory, in sheep breeding and wool 
technology, involves co-operation between the Bureau of 
Animal Industry, U.S. Department of Agriculture; the 
Bureau of Indian Affairs, U.S. Department of the In
terior, and the New Mexico Agricultural Experiment 
Station. As a base for the experimental breeding program 
of this laboratory, a flock of 800 old-type Navajo sheep 
was assembled at Fort Wingate in 1935 and 1936. These 
sheep were carefully selected from Indian flocks in the 
more remote parts of the reservation where there was least 
evidence of crossbreeding with improved breeds. 

Hammond (6) has indicated three alternatives for 
developing improved livestock in a relatively unimproved 
area; (1) The environment must be improved; (2) a breed 
developed to suit the environment; (3) the foregoing steps 
must be concurrent, with improvement in environment 
and breed characteristics going forward at the same time. 
The latter approach is considered the logical one for the 
Navajo area (3). While the desired breed of sheep is being 
developed attention should be given to improvement in 
sheep management practices, improvement of the ranges 
by reseeding and utilization of good soil conservation prac
tices; and last by no means least the d'eveloping of ade
quate stock watering places, including wells, stock tanks 
and springs. The extent to which the environment can be 
improved will of course be limited by economic consider
ations as well as by the limited rainfall. Moreover, pro
gress along these lines is greatly dependent upon education 
of the Indians through schools and extension activities. 

Two techniques, well known to geneticists and animal 
husbandmen are being used in the experimental breeding 
program at the Southwestern Range and Sheep Breeding 
Laboratory, for the improvement of Navajo sheep. They 
are as follows: 

1. Selection within the Navajo breed to improve uni
formity and quality of the animals, and to increase their 
productiveness of wool and lambs. 

2. Development of new breeds that are graded only 
part of the way up to the improved types, so as to com
bine genes for desirable traits of both the Navajo and the 
improved breeds with which they may be crossed. 

The first method has some advantages in that theN ava
jo sheep already are well adapted, and no expense is in
volved in the selection and importation of purebred rams 
from other areas. The disadvantages of this method are 
that progress in improving traits for wool and lamb pro
duction is likely to be considerably slower than by cross
breeding, and also may be sharply limited by the in
heritance of the native breeds. 

The improvement of animals by selection is dependent 
upon the ability of the breeder to select animals as parents 
of the next generation, that are genetically superior to 
those not allowed to reproduce. To do this the breeder 

must have yardsticks for measuring the traits of economic 
importance and know how to apply this knowledge effec
tively. There are three basic methods of selection. First 
the "tandem" method in which selection is made for only 
one character at a time until it is improved; second, the 
"total score" method in which selection for all traits is 
made simultaneously, using a total score or index based 
on economic values of all traits; and third, the "indepen
dent culling level" method using a certain level of merit 
for each trait and discarding all individuals below that 
level, regardless of their rating in other traits. 

A combination of the first and last methods of selection, 
mentioned above, have been used in the breeding program 
with Navajo sheep. Use of the "total score" method, 
which is generally considered more effective than either of 
the other methods, must await the development of selec
tion indexes, an undertaking that involves the collection 
and statistical analysis of much data for these particular 
sheep. 

In view of the importance of wool in the economy of the 
Navajo Indians, and the prevalence of undesirable types 
of fibres in the fleeces of Navajo sheep, selection for im
provement in fleece quality has been emphasized more 
than fleece weight, body size, type, etc. This was parti
cularly true during the first few years of the breeding 
program. By constant selection of sheep with the most 
improved fleeces, the incidence of kemp and other 
medullated fibres have been reduced to low levels, but 
will require considerable selection for additional genera
tions before these objectionable fibres are entirely elimin
ated. The hairy outercoat of Navajo sheep is more 
persistent than kemp, and therefore will require intensive 
selection for a longer period of time, but already there 
has been a substantial reduction in the average level of 
hairiness, with many sheep now in the flock having a 
non-hairy or slightly hairy fleece. These results indicate 
definite possibilities for establishment of a new type of 
Navajo sheep, with a well improved fleece. 

In addition to the improvement in fleece quality, selec
tion within the Navajo breed has resulted in an increase 
of more than 50 per cent in fleece weight of yearling and 
mature ewes, an increase of about 10 per cent in body 
weight at weaning and yearling ages, and some impro
vement in the level of fertility and reproduction. The 
latter is most evident in the percentage of lambs born 
of ewes lambing, which has increased from a level of 
about 125 per cent to a level of approximately 150 per 
cent during the past twelve years. ·what portion of the 
improvement in these characters is hereditary gain and 
what portion is due to better management or other changes 
in environmental conditions has not been determined. 
There is much evidence, however, that characters related 
to lamb and wool production are strongly influenced by 
yearly variations in rainfall and feed conditions. For 
example, the average weaning weight of Navajo lambs at 
approximately 139 days of age has varied from a low 
of about 55 lb., in years of poor nutritional conditions, 
to a maximum of 63.4 lb.", in a year of high rainfall and 
good range conditions. 

A study of body weights of Navajo lambs taken at 
twenty-eight-day intervals from birth to twenty weeks of 
age, during the years 1938-1941 revealed highly significant 
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differences between the mean weights of the four years, at 
all ages except birth. The per cent of total variance attri
buted to yearly differences was 92.3 per cent when the 
lambs were four weeks of age but decreased to 88.9 per 
C·~nt at twenty weeks of age. The within years portion of 
Lte variance was 6.8 per cent and 11.1 per cent at 4 and 
20 weeks of age respectively (1). The annual precipitation 
in 1938 and 1939 was about 30 per cent below the 41-year, 
1864-1911 average of 14.45 inches, while in 1941, it was 
30 per cent above this figure. 

Wool production also is influenced by yearly variations 
in climatic conditions. In 1941, the year of highest rain
fall, average fleece weight of yearling ewes was 1.6 lb. 
above the level of the preceding year. 

Improvement in body conformation or type of Navajo 
sheep has been slight, as there is little variation among the 
sheep in this characteristic; therefore not much opportuni
ty for selection has been available. With this limitation, 
it may not be possible to develop a satisfactory breed by 
selection alone, but the improvement that has been made 
in the Navajo sheep has definitely increased their useful
ness for crossbreeding, and herein may lie their greatest 
value to the sheep industry of the southwest. 

When Navajo ewes were crossed with pure-bred rams of 
the Corriedale, Romney and Columbia breeds, adapta
bility of the hybrids closely approached that of the Navajo 
sheep. Some of the differences in the F1's could be attri
buted to the breed of the sire. The Corriedale and the 
Columbia breeds, having some inheritance from fine 
wooled breeds, respond better to the environment of this 
area than do sheep of the Romney breed. This difference 
is most noticeable in years of below average rainfall. 
Backcrossing of the F1's to Navajo rams resulted in a 
distinct loss in fleece quality with no perceptible gain in 
adaptability. No doubt some of the superiority of the 
first cross animals is due to hybrid vigour which pre
sumably will be lost when the animals are closely bred 
for several generations. 

Hybrids having inheritance of one-half from theN avajo 
and one-half from the improved breeds have maintained 
a high level of fertility and reproduction. Generally, the 
rate of survival from birth to weaning age has been from 
6 to 8 per cent less for the hybrids than full blood Navajo 
lambs. Over a period of thirteen years the average per
centage of lambs weaned of ewes bred for all crosses, re
presenting a total of 5, 767 matings, has averaged 89.3 
per cent. In this same period the percentage of lambs 
weaned of ewes bred for 2,971 Navajo x Navajo matings 
was 101.6 per cent. All ewes for Navajo strain breeding 
and crossbreeding were maintained in the same flock and 
therefore subject to the same environmental conditions. 
Differences between Navajo and crossbredmatingsinper
centages of lambs raised must be due largely to hereditary 
factors. 

The hybrid lambs have been affected more than Navajo 
lambs by yearly variations in environmental conditions. 
For the years 1938-1941 an average of 3·7.4 per cent of the 
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variance in weights of the hybrid lambs from fourto twenty 
weeks of age, was due to differences between years, com
pared with 14.2 per cent for Navajo lambs (2). When 
nutritional conditions are poor, as in drought years, there 
is little difference in the growth rates of Navajo and hybrid 
lambs but under more favourable conditions the hybrids 
gain faster than Navajo lambs, which is no doubt the 
result of improvement in their hereditary capacity. 

Crosses having inheritance of only a quarter from the 
Navajo and three-quarters from the improved breeds have 
shown a greater decrease in adaptability and fertility than 
crosses having inheritance of one-half Navajo and one-half 
improved. Specifically there was a decrease in the per
centage of conceptions and in survival of lambs from 
birth to weaning age, although not large in either in
stance. Results to date indicate that for satisfactory 
adaptability and an adequate level of fertility and re
production the hybrids should have inheritance of at least 
three-eighths Navajo, and not more than five-eighths 
from improved breeds. 

Hybrid rams produced by crossbreeding Navajo ewes 
with pure-bred rams, or interbreeding of crossbred ewes 
and rams, are being used on a limited scale for grading up 
and improvement of Indian owned flocks of sheep on the 
reservation. By means of this technique the adaptability 
and level of fertility and reproduction of many flocks on 
the reservation can be improved and the critical shortage 
of wool suitable for Navajo hand weaving will be some
what relieved. As progress in improving the sheep in the 
experimental breeding flock of the laboratory is made, 
these gains can promptly be applied on the reservation 
through the use of better hybrid sires. 
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Stock Raising 1 

MINISTRY OF AGRICULTURE, ARGENTINE REPUBLIC 

TECHXIQUES FOR THE IMPROVEl\IEXT OF LIVESTOCK IN 

ARGEKTINA 

One of Argentina's problems since the first days of her 
independence has been the adaptation of British live-stock 
to Argentine ecological conditions for the improvement of 
native cattle of Iberian origin (known locally as "criollo 
cattle") with a view to obtaining a higher productiveness. 

The area that lends itself best to this purpose is the 
central zone kno·wn as the pampean formation which 
comprises the province of Buenos Aires and parts of Cor
doba, Santa Fe, San Luis and La Pampa. It consists of a 
great plain intersected by the group of mountain ranges in 
the southern part of Buenos Aires province and by a 
number of rivers and streams flowing into the Parana
Uruguay basin and the Atlantic. The surface layer gener
ally consists of argillo-arenaceous soils yielding extensive 
pasture lands of rich and varied vegetation. The winters 
are temperate, though the temperature occasionally falls a 
few degrees below zero. The summers are usually hot, but 
there are not many days on which the thermometer 
registers more than 35 degrees C. The average annual 
temperature varies between 13 degrees and 18 degrees C. 

The distribution of rainfall is fairly uniform; it is heavier 
in the spring and summer, with a yearly average of 
between 700 mm. and 1,000 mm. As natural water is not 
abundant, drinking-water is obtained from semi-artesian 
water tables which are generally to be found at a depth of 
between 5 and 25 metres. 

The natural grazing native to this pampean formation 
has been replaced over the greater part of this area by im
ported forage species of higher yield and greater digesti
bility for the live-stock. Lucerne predominates in the 
artificial pastures, followed in order of importance by 
sorghums in spring and summer and cereal pastures-
oats, barley and rye-in winter. 

In this favoured zone and those adjoining it, where the 
climate is already somewhat warmer (southernmost region 
between the Parana and Uruguay rivers, i.e., the provin
ces of Entre Rios and Corrientes), the standard method of 
improving live-stock has been, and still is, that of progres
sive and intensive cross-breeding combined with strict 
selection, which has enabled the Argentine Republic since 
the middle of the last century to earn the reputation of a 
country producing meat of high quality appreciated all 
over the world. 

It has been necessary to modify breeding standards in 
the zones bordering on those already referred to, since, 
with the ecological conditions there, cross-breeding on 
such an advanced scale is neither possible nor advisable. 

Other methods of production, however, are used in these 
areas. In those most resembling the zones referred to 
above, the breeding method used is that of limited inten
sive cross-breeding, which prevents the complete loss of 

1 Original text: Spanish. 

the adaptability and powers of resistance of the cattle so 
cross-bred. 

The picture is different in the zones north of 30 degrees 
south latitude, an extensive region which we may call 
north Argentina, with ecological conditions that vary 
greatly according to the area under consideration. Here 
are to be found massifs with lofty peaks and plains at sea
level; poor-quality land where stock-raising is difficult and 
pasture-land of natural grazing with a high nutritive 
value; arable land; densely wooded country and irrigated 
valleys with their own local climates. 

Nevertheless, the prevailing climate is sub-tropical, with 
heavy summer rains and winter droughts. In addition to 
these conditions, which are generally unfavourable, there 
are health factors. The improvement of live-stock in the 
north has therefore to contend not only with natural 
difficulties but also with parasitic and enzootic diseases, in 
particular tick-borne piroplasmosis and anaplasmosis, 
which are absent from the central pampas zone. These 
factors taken together make it more difficult to improve 
the native cattle. The difficulty is to adapt British strains 
of beef cattle, and cross-breeding in the face of the natural 
obstacles has proved a long, costly and fruitless task. 

Thus the method of progressive crossing, which has 
given remarkable results in the pampas region, cannot be 
carried out in these northern zones because, in most cases, 
when the degree of crossing is increased in criollo cattle 
the successive generations are unable to adapt themselves 
to the prevailing conditions or to the attacks of the exter
nal and internal parasites that are so abundant in that 
environment. 

Reasons of this kind led to the idea of improving the 
productive capacity of the original live-stock by selection 
alone, in order not to lose any of its superior powers of 
resistance. However, this method has been shown to be 
too slow and to offer very uncertain possibilities, and it 
cannot form the zootechnical basis for any systematic 
economic operation. 

Operations are therefore being directed towards ob
taining a type of regional cattle which, >vithout losing all 
the powers of resistance of the criollo cattle, shall acquire 
a suitable rapidity of growth. This is being accomplished 
by the method of limited crossing in such a way as to ob
tain products perfectly adapted to their environment. It 
is an operation requiring much care in the selection of sires 
and in the use of controlled inbreeding, but when carried 
out with expert judgement it yields appreciable economic 
gains. 

In the light of experiments that have been carried out, 
first-generation crossing is thus recommended for these 
regions; native cattle are put to Hereford or Aberdeen 
Angus bulls which are used as crossing strains to transmit 
their rapid growth, weight and quality of meat. This 
method has proved extremely useful. 
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Argentine experts therefore report: 

I. That excellent results have been obtained by pro
gressive crossing combined with systematic selection in 
zones with favourable ecological conditions; 

2. That in zones with more severe ecological conditions 
good results are obtained by forming regional types of 
live-stock by means of limited crossing, rigorous selection 
and fixing of the desired characteristics by the suitable use 
of inbreeding; 

3. That first-generation crossing is suitable in all those 
environments that do not permit a higher degree of 
crossing. 

ARTIFICIAL Il\SEMINATION OF CATTLE IN EXTENSIVE 

STOCK-RAISING 

In view of the methods of breeding beef cattle, which are 
almost the only cattle to be found in Argentina, it has 
been found necessary to adapt working methods to those 
conditions in order to be able to benefit from the technical 
experience gained with artificial insemination in other 
countries in improving breeds of dairy cattle. 

Since on a large-scale stock farm there is a certain 
difficulty in picking out females in heat, all cows to be 
inseminated are rounded up once a day and the females in 
heat are then segregated. 

In order to solve the problem sometimes created by the 
low carrying power of the grazing land, the system of in
creasing the number of insemination posts was adopted, 
so as to reduce the expenditure of energy by the cattle on 
their way to these posts. 

This makes it possible to use a single collection centre 
from which the semen is distributed to the various in
semination posts. 

By using such methods and extending the process long 
enotigh to observe to oestrous cycles, it has been possible 
to carry out artificial insemination in very large herds and 
to obtain a calving percentage often higher than that 
generally given by natural service. 

This method offers in systematic zootechnical cattle 
operations in tick-infested northern Argentina good pros
pects for the rapid and economical improvement of the 
herds in view of the possibility of using high-grade bulls 
without immunizing them, this being achieved either by 
despatching the semen or by transporting the bulls to the 
infested area and protecting them there by suitable tech
nical precautions. 

Argentine experts therefore report: 

I. That artificial insemination has proved to be appli
cable with advantage to the rapid and economical im
provement of cattle, even under extensive stock-raising 
conditions; 

2. That the transport of semen and the keeping of 
selected bulls, free from ticks, in infested areas makes it 
possible to use them for the improvement of cattle in 
areas infested with tick fever. 

LARGE-SCALE ARTIFICIAL IXSE:\HNATION OF SHEEP 

By using artificial insemination with sheep in the large 
fbcks which are common in Argentina, where a single 
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producer may have as many as 140,000 sheep in one 
establishment, it has been possible, with proper manage
ment of flocks and adaptation of techniques, to achieve 
excellent lambing percentages, higher in general than 
those obtained by natural service. These results have 
been obtained even in environments of great climatic 
severity such as the Patagonian plateau, the high table
lands of the Andes (3,800 metres above sea-level), etc. 

This has made possible the intensive utilization of the 
animals most adapted for the purpose, with consequent 
gain in the improvement and uniformity of the flocks. 

Argentine experts therefore report: 

I. That large-scale artificial insemination has proved 
to be a method that can and should be used for the rapid 
improvement of fleeces in quality and uniformity and of 
the stock of sheep in general; 

2. That, in the high plateau regions where the chief 
industry and source of wealth is, or could be, sheep
raising, the introduction of artificial insemination re
presents a marked advance from the primitive conditions 
which usually prevail in those areas. 

CHOICE OF BULLS FOR IN!PROVING STRAINS IN AREAS 

INFESTED WITH TICK FEVER 

In the areas lying north of 30 degrees south latitude 
which are infested with cattle-tick (Boophilus microphts), 
the vector of piroplasmosis and anaplasmosis of cattle in 
Argentina, there is a limiting factor for the crossing of 
cattle, in view of the fact that a sufficient number of bulls 
for improving strains is not always produced in the areas 
affected. 

Owing to the great hazards attached to the artificial 
immunization of adult animals, stock-raisers are very 
often opposed-and not entirely without reason-to the 
importation of bulls from non-infested areas ~nd give 
preference to those born in their own area, wh1ch have 
been immunized naturally. As, however, the degree of 
cross-breeding of their cattle does not generally allow 
them to obtain high-grade products, they are obliged to 
introduce, from the non-infested regions of the south, 
either calves which will then be artificially immunized 
("anti-ticked") or bulls that have been previously treated. 

Experience in Argentina has decided in favour of the 
latter alternative, since the former-the importation of 
calves-is not only risky but uneconomic, inasmuch as a 
large proportion of the calves chosen are failures; they do 
not- adapt themselves to their new environment or, as 
happens on many farms, the individuals do not subse
quently develop properly or do not come up to a standard 
of perfection for the breed which would ensure their use as 
sires. 

It is therefore preferable to introduce breeding bulls 
that have been suitably treated as calves in non-infested 
areas where they have had a better opportunity to develop 
under perfect conditions, because they were not so ex
posed to the health and climatic hazards of the new en
vironment. 

Under this system profits are larger, as the capital 
risked is confined to the actual cost of the operation, an 
advantage which is generally ensured by the guarantee of 
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a minimum of three months usually offered by the cattle 
vendor. 

There are thus many establishments in Argentina en
gaged specially in the preparation of immunized sires of 
the various breeds for sale to tick-fever areas not only in 
Argentina, but also to other Latin American countries 
faced with the same problem. 

Summary of Discussion 

Argentine experts therefore report: 
That, in view of the fact that it is not feasible to obtain 

outstanding sires that have been naturally immunized 
against piroplamosis and anaplasmosis, it is advisable to 
introduce from non-infested areas perfectly developed sires 
that have been previously treated at the right time, using 
the technique of artificial insemination. 

In order to allow as much time as possible for general with the study of livestock improvement in a man
discussion, the CHAIRMAN proposed to forego the presen- controlled environment, except so far as hill-sheep in the 
tation of papers, except for Mr. Grandstaff's which had United Kingdom were concerned. The methods recom
just been distributed. She would merely confine her in- mended for livestock improvement were: 
traduction to defining the problems raised as she herself (1) The measurement of performance: by milk re-
saw them after reading all the papers. cording, egg recording and progeny testing. 

Dr. Hammond's reference to the Darwinian theory of 
natural selection, or rather elimination, led to an exami- (2) Controlled elimination of inferior breeding stock. 
nation of the way in which, because of differences in their (3) Controlled selection to provide the best breeding 
feeding habits, certain species had managed to survive stock. That question was linked to the problem of arti
side by side without excessive competition in the struggle ficial insemination. The selection was based on a system 
for food. Even among ruminants, methods of grazing and of registers of merit and progeny tests; the breed societies 
browsing differed, so that they could live together without played an important role in that field. 
acute competition. (4) Research into the inter-relations between genes and 

The Darwinian concept of "fitness" was relative only. environment and extension of experimental breeding with 
A particular animal, well adapted to a given environment, repeated crossing. The study of uniovular twins would 
might be lamentably "unfit" in another. help to provide more accurate knowledge of the effects of 

The main purpose of agriculture from the very begin- environment and heredity. 
ning had been to fight against natural selection by pro- The second group of papers was composed of the tech
viding plants and livestock with a favourable environ- nical studies of Professor Lush and Dr. Kelley. Those 
ment, by suppressing all competition for food and water, papers considered the techniques which could be applied 
by protection against bad weather, and by replacing na- to measuring degree of inheritance, a measurement in 
tural elimination by man-controlled selection. Conse- which the chief complication is the influence of environ
quently, the environment in which improved breeds had ment. The authors of those studies might perhaps be 
evolved was highly artificial and the possibility of im- taxed with having given too much attention to statistical 
provement was in direct ratio to man's intervention in methods where help could be obtained from a study of 
moulding the environment. nutrition. 

Mr. PHILLIPS referred to the Mendelian theory of here- Professor Lush's paper formed the link with the third 
dity and to recent developments in the study of genetics, group, as it noted that natural mutations were rarely 
as applied to livestock improvement, including analyses beneficial, that migration (or grading-up) was not creative, 
of heritability in his paper. Much improvement had been and that the efficiency of selection depended on the corre
achieved before these studies were made; it probably went lation between the phenotype and breeding value, which 
back to the time when animals were domesticated. There might be low in environments which had not been stand
was no doubt, however, that Mendel had opened the way ardized. In conclusion a plea was made for the preser
to a systematic study of genetics. Progress had been more vation of rare breeds in order to have available a variety 
rapid in the plant kingdom, but that was because plants of basic material for experimental breeding. 
were easier and less costly to handle, and because plant The third group was composed of the physiological and 
reproduction was faster than reproduction in livestock. ecological studies submitted by Dr. Phillips, Dr. Ham
Lastly, for reasons of economy, livestock breeders had mond and Mr. Rhoad. Those papers emphasized the part 
perhaps been too hesitant in applying the principles of played in an improvement programme by certain physio
Mendelian genetics. They had not wished to take any logical characteristics such as the relationship between the 
risks, and consequently, for a long time, they preferred to occurrence of oestrus and the time of ovulation; the effect 
improve existing breeds and types rather than to create of changes in the rhythm of darkness-daylight hours on 
new types based on interbreeding. the mating season, on the birth of twins, and on fertility 

and milk production; capacity to dissipate heat by eva
The CHAIRMAN proposed to divide the papers received poration of water from the body surface; and the import-

into three separate groups. ance of coat colour for protection against light and heat. 
The first group included the studies on progress in stock Dr. Hammond and Dr. Phillips gave interesting indica

breeding submitted by Mr. White, Mr. Tukker, Mr. Rot- tions concerning the importance of nutrition for expression 
tensten, and Mr. S0rensen. That group was concerned of the genetic potential. 
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Lastly, attention should be paid to Mr. Rhoad's con
clusion in which he stated that livestock was most produc
tive when the gene complex was in harmony with the en
Yironment. He quoted the striking example of the Santa 
Gertrudis breed in which it had been possible to combine a 
high degree of productivity with high heat-tolerance. 

The Chairman hoped that there would be continued and 
utended research into the question of the recombination 
of genes and that it would be accompanied by a physio
logical study of the characteristics of the breeds obtained. 

Mr. GRANDSTAFF presented his paper on the adaptation 
of livestock to new environments, which described, among 
other things, the experiments carried out at the breeding 
laboratory at Fort Wingate, New Mexico. Starting with 
the unimproved :Kavajo sheep, which was perfectly 
adapted to that semi-arid region, marked improvement in 
productivity had been obtained by selection and by cross
breeding Navajo ewes with purebred rams. The hybrids 
combined the qualities of adaptability and high fertility of 
the ~avajo sheep with the ability to produce better 
quality wool and lambs. In the formation of a new breed, 
suited to semi-arid ranges, the best results were obtained 
by crossing Navajo ewes with purebred rams in such a 
way as to retain three-eighths of Navajo blood. 

The CHAIRMAN drew attention to three additional papers 
which had been received too late to be reproduced. These 
papers were: "Livestock Improvement" by J. R. Fagot 1, 
France; "Adaptation of Stock to Environment and Im
provement of Breeds by Crossing" by C. A. Calvo, Argen
tina; and "Stock Raising" by the Ministry of Agriculture 
of Argentina. · 

The Chairman declared the discussion open. 

Mr. PHILLIPS emphasized that one of the most impor
tant problems relating to the improvement of livestock 
breeds was how to measure the improvements. Progress 
was still very slow in that respect. The system of showing 
animals at fairs only provided very approximate data, as 
it was often the unimportant details which were empha
sized. Much more accurate information could be obtained 
for characteristics such as milk production and the quanti
ty of butter fat. Particular attention should be paid to 
measuring characteristics which were of great interest 
from the economic point of view. 

One of the scientific aspects of the problem of livestock 
improvement, namely, the estimation of their capacity for 
improvement, should not be neglected either. This capaci
ty for improvement through selection, or heritability, is 
relatively low for most of the economically important 
traits, and in relatively few of the characters thus far 
studied does it average more than thirty per cent, and 
often less. The selection pressure exercised is often low 
for these important traits because of the emphasis given 
to other and less important traits such as colour markings, 
commonly associated with the so-called pure breeds. 

Mr. I-lAl\UIOND emphasized the fact, which had been 
clearly established in Mr. Phillip's paper, that the degree 
of heritability is influenced by the environment. If the 

1 Due to the length of Mr. Fagot's paper, the Abstraet alone is 
reproduced in these Proceedings. 

SUMMARY OF DISCUSSION 

environment were not nutritive enough, heritability would 
be very low. If, on the other hand, the environment fa
voured milk production, for example, the apparent genetic 
variation might be larger. Consequently, the improve
ment of environment played a very important role in im
proving the milk or wool production of a given breed. 
Thus, in Australia it had been possible to produce higher 
quality wool only in certain regions where the environ
mental conditions permitted more advanced genetic se
lection. 

:Mr. RHOAD asked Mr. Grandstaff to what extent there 
had been an attempt to improve environment during the 
experiments with Navajo sheep. 

Mr. GRANDSTAFF replied that environment clearly in
fluenced the qualities of the breed. From year to year, for 
example, the weight of the lambs varied in direct propor
tion to atmospheric precipitation. The weight had fallen 
to fifty-five pounds at the end of 139 days when there had 
been very little rainfall and when the food had conse
quently been rather poor, whereas the average weight in a 
normal year was sixty-three pounds. 

It was not possible, however, to give an exact per
centage to illustrate the effect of environment on the im
provement of the breed. 

He added that no experiments had been made to im
prove the environment artificially, since the ~avajo sheep 
grazed freely under the natural conditions of the region. 

Mr. RHOAD explained that considerable improvements 
could be obtained simply by practising selection on nor
mal types in favourable environments. Record milk pro
duction had been obtained in that way from a native cow 
without crossing and without modifying its environment. 

Furthermore, it had been found in Colombia that a 
breed which had not been highly selected gave better 
quality flesh and that its fertility also increased in a more 
favourable environment. 

It was quite possible, therefore, to select within a breed 
with scarcely any improvement in its environment. That 
was a very important point, since it meant that in under
developed countries the native types could be improved 
simply by selecting future breeding stock from among 
those animals which showed the greatest aptitude. 

Of course, if it was hoped to go beyond that pre
liminary stage of improvement, more direct human inter
vention in the breeding process, by crossings with an im
proved breed, would be necessary. 

Mr. CARABANO requested some information on how to 
maintain and develop the livestock herds in Venezuela, 
which led a very precarious existence in such an un
favourable region that sooner or later their complete dis
appearance was to be feared. 

Mr. HAM::VIOXD suggested two methods which seemed to 
him suitable for improving livestock in unfavourable 
regions. 

The first was to improve the native breed by improving 
environmental conditions and undertaking a progressive 
selection of sires. That method had been used with success 
in India. It gave relatively slow, but noticeable, results. 
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To obtain more rapid inprovement it would be neces
sary to introduce into the country a foreign breed from a 
region such as the X etherlands, for example, where con
ditions favoured milk production. By crossing with the 
native breed, whose adaptability was excellent, a new and 
distinctly improved breed was immediately obtained as 
the first cross generally retained all the characteristics of 
the two breeds. Of course, the problem later arose of pre
serving and developing the new breed and that always 
presented considerable difficulties. 

The countries concerned might therefore begin by im
proving their native breeds by selecting the individuals 
which showed the best characteristics. Subsequently, 
when the lower quality animals had been eliminated, they 
could be crossed with a carefully chosen imported breed. 

Mr. CLAY thought that the selection of the initial foun
dation stock in any programme of breeding in under
developed countries was of the greatest importance. 

Care must be taken not to reckon on the European charac
teristics of the native breed in that operation. It was 
their idiosyncratic aptitudes which should be considered. 
The basic livestock should be chosen in the basis of those 
aptitudes in order to obtain good breeding stock. 

It was questionable whether it was better to carry out 
that selection without improving the environmental con
ditions to which the livestock were adapted or to do so in 
breeding centres where the natural conditions were modi
fied but where conditions of a hereditary nature could be 
followed more closely as a result of the scientific study of 
genes. 

Mr. E. DE VRIES submitted certain comments suggested 
by the experiments in that field which had been carried 
out in Indonesia. 

After several preliminary disappointments, the crossing 
of local breeds with Friesian cattle had given fairly satis
factory results. The lessons to be drawn from that experi
ment should be of great interest to all countries in a similar 
position. It had been noted that it was necessary to begin 
by fairly advanced selection of the native livestock, taking 
into consideration certain characteristics, such as toler
ance of drought, which were essential for adaptability to 
environment. 

It had later been noticed that the same type of cross was 
not suitable for all the different regions in Java, as adapt
ability was restricted to small areas. 

Furthermore, it had been necessary to take into account 
the most prevalent type of farming which was the small 
mixed farm, where the livestock had to fulfil several needs: 
namely, production of milk, meat, leather and above all as 
a draught animal. 

In Java the best results had been obtained by crossing 
Friesian cows with Javanese bulls; the calves had high 
adaptability and heat-tolerance had been transmitted to 
its full extent. 

In Bali a large cow with a higher heat-tolerance than 
the water buffalo had been domesticated; it might there
fore serve as the imported breed in very hot countries. 

Mr. E. de Vries emphasized the part which good organi
zation of the breeding centre played in all experiments of 
that type. He quoted as examples certain centres in Indo-

nesia, which covered entire islands and where observation 
and selection were facilitated because there was no fear of 
outside elements mixing with the herd. 

The CHAIRMAN stressed the difficulty of selecting in an 
unfavourable environment, where natural elimination 
was pitiless and might sometimes militate against the ani
mals with the best characteristics. 

Mr. RHOAD explained how, in certain cases, he had 
solved the very important problems of the selection of the 
basic herd and its genetic improvement in an under
developed country. 

He had selected from among apparently uncrossed na
tive animals dairy cows with above-average milk pro
duction. He had taken the oldest cows and had been able 
to make an approximate estimation of their milk-pro
ducing and breeding qualities by means of information ob
tained by studying two or three generations of progeny 
born to the selected specimens. 

With regard to sheep and pigs, on the other hand, 
selection had been carried out by taking random samples. 
The same method had been applied to poultry. 

Mr. Rhoad had subsequently noticed that in crossing 
dairy cattle it was preferable to cross native females with 
bulls from an improved breed, since it was possible to ob
tain information on the characteristics of the native 
females and that was not the case with the males, about 
whose pedigrees the natives knew little. 

The selected animals had been placed in special feeding 
conditions in order to estimate their maximum milk
producing capacity. The animals had then been returned 
to their original herds. 

The importance of selecting the basic herd was also clear 
from observations in the tropical regions of America, 
where animals with a high resistance to environment and 
satisfactory productive capacities had been found in herds 
which had already been subjected to random crossing for 
more than forty years. By selecting the best animals from 
those herds, an excellent basic herd could be formed which 
would contain individuals capable of transmitting their 
characteristics with remarkable uniformity. 

It must therefore be concluded that if immediate results 
were desired in the tropical regions of America, the best 
plan was to select a good dairy type from an existing cross
breed rather than to create new types. 

In the British West Indies, the improvement of the 
breed was facilitated by the fact that the authorities 
made available hybrid sires with known pedigrees which 
produced a good tropical type when crossed with the na
tive breeds. 

The CHAIRMAc-; suggested that in choosing the oldest 
cows, as Mr. R.hoad advocated, there was a risk of keeping 
those with a low milk-producing capacity, since they 
might survive longer and retain a better appearance. 

Mr. RHOAD explained that he selected cows which pro
duced approximately 5,000 pounds of milk a year, which 
'vas well above average; the average was approximately 
2,000 lb. 

He did not think, moreover, that the animals which 
produced the least milk were those which lived longest. 
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Mr. LEE referred particularly to the question of heat
tolerance. He pointed out that although the present 
method, which consisted of empirical attempts at im
proving the heat-tolerance of certain breeds of domestic 
<:tnimals should not be abandoned, the fundamental phy
~iological and anatomical characteristics, which accounted 
Jor that heat-tolerance, should also be determined. For 
example, did a great density of sweat glands on the sur
bee of the animal's body or a quickened rate of breathing 
promote heat-tolerance? It would probably be noticed 
i hat among the factors reputed to account for heat-toler
ance, some were advantageous while others were not. 
Efforts should be concentrated on developing the former. 
Physiological analysis would enable the problem of heat
tolerance to be studied more scientifically than was cur
rently being done. Of course, that method was not 
guaranteed successful, but it should be tried. 

With regard to the phenomenon of sweating, Mr. Lee 
pointed out that in his paper Mr. Hammond did not seem 
to have made up his mind on the point since in one passage 
he stated that sweating was unknown among domestic 
animals with the exception of the horse, whereas else
where he spoke of loss of salt due to sweating. In fact, 
Mr. Lee said, experience showed that all the mammals, 
with the exception of the small rodents, sweated. Mam
mals had been found to possess glands morphologically 
~imilar to sweat glands distributed over the body surface; 
Jurthermore, considerable loss of moisture, which could 
only be explained by sweating, had been noted in mam
mals. The sweating was certainly invisible in many cases, 
but it was quite apparent in others. 

Mr. PHILLIPS agreed with the other experts on the ne
cessity for measuring the yield and potentialities of ani
mals; that was an essential aspect of any livestock im
provement programme. 

That necessity was apparent, inter alia, when it was a 
question of selecting the foundation stock which was to 
serve as the starting point for implementing a given pro
gramme. The preliminary choice was not easy either in 
the under-developed countries or in the more advanced. 
] twas dangerous to judge the animals by their appearance 
without knowing their true yield in milk, meat, and so 
forth, according to the particular purpose of the program
me under consideration. In that connexion, he told a 
story to show how deceptive outward appearances could 
be. He was, of course, quite aware that it was not always 
possible to wait until the exact yield of the foundation 
stock was known before beginning to carry out the pro
gramme. 

Mr. Phillips then dealt with the question of whether 
selection should be carried out in an environment similar 
to that in which the animals would have to live or whether 
it should be carried out in more favourable nutritive and 
other conditions. In his opinion that depended on the 
possibility of improving the environment for which the 
animals were intended. If that environment could be im
proved within twenty years, for example, it was preferable 
to carry out the selection in conditions better than those 
(Jf the present environment and comparable with the anti
( ipated improved environment. On the other hand, if 
there was no possibility of improving the environment, 
for example if the animals were destined to live in tropical 
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regions where it was obviously impossible to correct the 
temperature, then it was better to carry out selection in 
conditions resembling those of the existing environment. 

With regard to the problem of the Venezuelan grazing
lands which were being impoverished, the problem might 
be solved by reducing the number of livestock, which 
would ensure the animals more plentiful food, and then 
trying to find a breed which was well adapted to the en
vironment. 

Mr. MoNGE stressed the importance of the problem of 
adaptation of livestock to high altitudes. The change of 
atmospheric pressure at high altitudes had physiological 
effects on man as well as animals. Animals required a 
certain period of adaptation during which their fertility 
was considerably diminished. In particular, it had been 
observed that at an altitude of 15,000 ft. certain indivi
duals developed normally but did not reproduce, while 
others also suffered from mountain sickness. Mr. Monge 
added that in Peru the Brown Swiss breed had adapted it
self well to high altitudes because of its mountain origin. 

Mr. Monge would like to know whether the Brisket 
disease of Colorado was comparable to the chronic moun
tain sickness on the high plateaus of Peru. 

Peru imported foreign breeds in order to improve native 
livestock on the high plateaus. The imported animals, 
however, must be able to adapt themselves to altitudes of 
from 10,000 to 12,000 ft. Mr. Monge therefore wondered 
what breeds should be imported in preference to others. 

Mr. CLAY said that in the highlands of Kenya which 
were from 6,000 to 10,000 feet high, such imported breeds 
as Ayrshire, Holsteins and Shorthorns had been raised 
successfully. 

With reference to Mr. Phillips' remarks, Mr. Clay said 
that any programme of livestock improvement in under
developed countries should be preceded by preliminary 
study and research regarding the objective of the program
me in relation to the economic needs of the country, as 
well as the qualities required of foundation stock. 

In conclusion, Mr. Clay stressed the need for close colla
boration between stock breeders and physiologists in order 
to make it possible to determine the correlation of physio
logical characteristics on the one hand, and of performance 
which could not be measured quantitatively, on the other. 

The CHAIRMAN endorsed Mr. Clay's last remarks. She 
added that stock breeders and physiologists should colla
borate in turn with experts on nutrition. Nutrition 
played a very important part in livestock improvement. 

Mr. BARTON wished to make a few general remarks. He 
pointed out first that, except for the application of Men
delian principles, animal genetics had not so far contri
buted much to livestock improvement. It was to be 
hoped, however, that in the near future geneticists and 
other specialists would make more important contribu
tions and that experts on stock breeding would no longer 
have to rely almost exclusively on empirical methods. 

Mr. Barton then stressed that the way animals were 
treated by the personnel in charge of them was a factor of 
some importance in livestock improvement. He made 
particular reference to Scotland in that connexion. 
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Mr. Barton said that he had been particularly impressed 
by .Mr. Hammond's remarks to the effect that the method 
of improving livestock by selection was often very difficult 
because hereditability did not always manifest itself fully. 

l\k Barton thought, like Mr. Phillips, that the real 
value of animals could not be determined at cattle shows. 
He recognized the need to assess and register the per
formance of individuals and also stressed the usefulness of 
establishing accepted and recognized standards of per
formance. He recalled, in that connexion, the results ob
tained in the United States and Canada with Holstein
Friesian stock. Some years before, American breeders had 
noted that individuals of that breed were not developing 
satisfactorily from the point of view of uniformity of type 
and amount of butter fat yielded, and had agreed to 
establish a certain standard of quality and resorted to 
selection in order to attain that standard. The results ob
tained had been quite remarkable. American stock 
raising, however, did not show many examples of such 
initiative, which showed that much remained to be done 
to improve livestock even in developed countries. 

The CHAIRMAN wished to know whether Mr. Barton had 
referred to the butter fat content of milk or to the total 
weight of butter fat obtained. 

Mr. BARTON replied that he had meant both. 

The CHAIR\fAN said that to the best of her knowledge it 
was verv difficult to increase the butter fat content of 
milk, b~t that on the other hand the total amount of 
butter fat obtained could he increased by increasing the 
field of milk through appropriate feeding. 

Mr. HA~1MOND also stressed that even in advanced 
countries much work had yet to be done to improve live
stock. 

Mr. Hammond emphasized the importance of the pro
geny test method, especially when applied to progeny 
tested in a similar environment, as had been the case in 
Denmark. He believed that that method, combined with 
the process of artificial insemination, could contribute 
more than anything else to the improvement of livestock 
in developed regions. 

As regards the process of artificial insemination, Mr. 
Hammond emphasized the usefulness of international 
exchange of semen. It would be the more useful because 
dairy farms, especially in Europe, were generally small 
enterprises which could hardly afford to import good 
hulls in view of the high cost. Strict international agree
ments would be necessary, however, in order to ensure 
that such international exchange of semen did not have 
any harmful effects or cause epidemics. 

Mr. RHOAD asked whether any effort had been made in 
Peru to increase the fertility of the livestock, in particular 
of the alpaca sheep. 

Mr. MoNGE replied that the Ministry of Agriculture had 
established an experimental station at a high altitude, 

had jointly set up a body to study the question of accli
matization and improvement of livestock. 

Mr. E. DE VRIES, with reference to the paper prepared 
by Mr. Tu~ker, stressed the importance of the work done 
in the Netherlands in the field of poultry farming. Within 
five years the production of eggs had increased by more 
than fifty per cent, although fifteen per cent less feed had 
been used. That remarkable result was largely due to the 
application of a system of regulated poultry farming 
which had been instituted in 1933. 

Mr. HAMMOND said that poultry farming in the United 
Kingdom was based on the same principles as in the 
Netherlands, with the difference that the poultry breeders 
were subject only to voluntary control. 

Mr. MoRRISON mentioned the system of dairy herd 
analyses used in New York State. By means of these 
analyses of dairy herds where cow-testing association 
records have been kept for several years, it had been 
possible to select for breeding young bulls which had 
given as good results as proven sires. 

J\1:r. TURK confirmed Mr. Morrison's statement and 
stressed the advantage of artificial insemination. He 
added that while the research centres had so far tried 
primarily to improve the environment, the current aim 
was improvement of the breeds themselves. In his view 
the two methods should be combined. 

Mr. McPHEE stressed that in the first place crossing of 
different stocks should only be undertaken if it was known 
in advance that the results would be satisfactory; he re
called the experiments which had been carried out with 
pigs. 

.Mr. McPhee then turned to the question of gene inter
action. It appeared that the same genes were responsible 
for growth as well as fattening of livestock animals, so 
that attempts to activate growth in pigs involved the risk 
of, and had in fact resulted in, fat pigs which should be 
avoided. 

Passing to the question of foundation stock, Mr. 
McPhee pointed out that sub-tests seemed to him to be 
better than progeny tests, which yielded slow results. 

Hereditability in respect of the rate of growth of beef 
cattle was of the order of 65 to 75 per cent, which made 
interesting selection possible. In practice young bulls were 
put on a special diet; after some time their rate of growth 
was determined in order to isolate the individuals which 
had developed most rapidly. That method was still at 
an experimental stage. 

The CHAIRMAN asked whether the animal's capacity to 
store food reserves was directly related to the genes deter
mining rate of growth. It would be interesting to as
certain whether that capacity depended on special ana
tomical conditions or whether it was merely a question of 
metabolism. 

where the most modern methods of selection were being Mr. HAMMOND said that in order to improve the pro
applied. The J\linistry of Agriculture had also helped to duction of meat, stock raisers in the United Kingdom 
propagate the use of artificial insemination, which could were wont to cross-breed dairy cows surplus to those 
be practised up to an altitude of2,000 metres. In addition, required for breeding replacements with a beef bull so as 
the Institute of Animal Biology and the Veterinary School to benefit from the hybrid vigour of the first crossing. 
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The CHAIRMAN asked whether there was a sufficient 
proportion of surplus cattle to apply that method on a 
larger scale. 

Mr. CARABANO asked whether it might not be possible 
to utilize the zebu in order to improve the quality of native 
livestock. 

Mr. RHOAD replied that in his view imports of zebu 

SUMMARY OF DISCUSSION 

might serve to strengthen weak breeds, provided the im
ported stock was in excellent condition and could adapt 
itself to local conditions. 

Mr. PHILLIPS stressed that while only two or three types 
of zebu were knovvn in America, there were as many as 
thirty different types in India. He endorsed, in that con
nexion, Mr. Lush's statement that minor or rare breeds 
should be protected and preserved. 
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Efficiency of Different Classes of Farm Animals in Converting 
Farm Crops to Food 

ISABELLA LEITCH, O.B.E. 

ABSTRACT 

In efficiency of conversion of digestible energy of feed to energy of edible product, farm animals rank thus: dairy 
cow, pig, hen (eggs), other meat animals. Rules governing efficiency of conversion are outlined and comparisons of per
formance made. For gain in quality of human diet, the cow takes first place and beef and mutton follow. Loss of energy 
when human food is diverted to animal feeding must be offset against gain of quality. 

Animal feeding attains maximum efficiency when feed and animal are suited to each other. Waste of crop residues 
or residues such as skimmed milk greatly reduces efficiency. 

In extensive husbandry great loss of efficiency is caused by deficiency diseases, poverty and seasonal failure of 
pasture, lack of water, and infective disease. Growth is relatively slow and milk yield is low but both are suited to the 
environment. "Grading up" is impossible without great improvement in feed and water supplies. Control of infection 
will not bring greater production if overstocking follows. Intensive farming has problems of infection, especially in dairy 
herds, but functional sterility is increasingly important. The loss of efficiency may be over 20 per cent. It may be genetic 
in origin or due to oestrogens in "improved" pasture. 

The basis of this discussion is the Technical Communi
cation 1 prepared by Mr. Godden and myself in 1940 at the 
request of Sir John Orr in connexion with the policy for 
wartime food production in Britain. Feed energy was 
measured as gross digestible energy, and the product was 
taken to include only what is customarily used for human 
food. 

Briefly, we found the dairy cow giving 20 lb. milk daily, 
or more, to be the most efficient converter of feed energy. 
Over a year, the average dairy cow (6.000 lb. milk) is 
excelled by the pig and followed by the hen (egg pro
duction), beef cattle, lamb and poultry for the exact 
ranking of the hen depending on egg yield. So that the 
practical implications for agriculture may be clear, let us 
summarize the rules to which efficiency of conversion of 
energy usually conforms. 

1. The higher the digestibility of the total organic 
matter of a ration, the greater the proportion convertible 
into edible product. If, therefore, animals are compared 
on the basis of the energy value of the total organic matter 
of rations, instead of the digestible energy, the pig has an 
advantage over the ruminant and the cow over beef cattle. 

2. When the chemical composition of the digested 
portion of a ration closely resembles that of the product, 
there is less work to do in conversion, less waste, and 
higher efficiency. Again the pig has an advantage over the 
ruminant. 

3. Efficiency depends on the amount of edible food 
produced. Milk is all food; so is almost all the body tissue 
laid down in the fully grown animal. For a given weight 
gain, the younger animal builds more inedible tissue, more 
protein and less fat. The pig builds relatively less inedible 
material than the growing ruminant. 

4. Efficiency depends on the rate of turnover. That 
means feeding, not for the last ounce of milk or live weight 

1 Data in this publication are presented in the simplest form so 
that they can be understood by anyone interested. Those who 
wish a more general and mathematical treatment of the subject 
should consult Brody's "Bio-energetics and Growth" and \Vatson's 
paper on beef production (sec list of references). 

gain (like show animals), but for the fastest production. 
The power to turn over feed rapidly depends on cubic 
capacity for feed and the proper action of the digesting 
and converting systems. Disturbances of appetite, 
digestion, or chemical work within the body, such as might 
arise from unpalatable feed, a diet deficiency, or ill 
health, reduce efficiency. 

5. The animal that is most efficient in some circumstances 
may be extremely inefficient in others; for instance the 
pig on pasture alone. 

6. The efficiency with which the production ration is 
used is independent of the rate of production, if the animal 
is correctly fed, and is characteristic of the process. The 
production efficiency of growing animals cannot be 
measured because maintenance requirement cannot be 
distinguished. 

Table 1 illustrates these points. 
Baby beef, off pasture at six months and fattened in its 

ftrst winter, weighing 780 lb. (7 cwt.) at slaughter, lays 
down on the average less edible energy daily than one 
fattened in its second winter, or than one intensively fed 
from weaning to the higher slaughter weight of 1,000 lb. 
(9 cwt.). The better grown and more mature animals have 
more fat; the intensively fed one gains efficiency by 
saving time. The same effects of age and plane of nutrition 
are seen when the 1,400 lb. bullocks are compared, inter se, 
and with the younger. 

The bacon pig puts on 1 lb. a day with an average 
(edible) value of 1,229 calories and an efficiency of 22.3 per 
cent. The smallest baby beef puts on 1.8 lb. daily with a 
(edible) value of 744 cal. per lb. and an efficiency of only 
8.6 per ·the most efficient bullock puts on 1.6lb. with 
a value of 1,289 cal. per lb. but the efficiency is still only 
12.7 per cent. The conclusion appears inevitable that the 
pig is more efficient. 

The high efficiency of the dairy cow is due chiefly to the 
enormous daily output of energy in milk. But not alto
gether, because the return in terms of the production 
ration only shows for beef (finishing process) an efficiency 
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Table I. Efficiencies of Production of Beef, Bacon, Egg and Milk. Compared 

Time relations 
Body Weight Feedings 

days 

·····~-~ 

Daity Calorie increase Notes 

Initial Final weight (edible product) 

gain Daily -~Per lb. -~.::::-:-'":-·::::--:--~-
lb. weight 

lb. lb. 

Baby beef (I). . . . . 
Baby beef (2). . . . . 
Baby beef (Haecker) 
Mature beef (Haecker) . 
:\fature beef 
Mature beef 
Mature beef 
Bacon pig . 
Hen: I egg daily 
Cow: 40 lb. milk daily. 
Cow, whole year: calf 

and 6,000 lb. milk 

70 
70 

101 
I05 
70 

I,008 
1,198 

30 

784 
I,008 
1,000 
I,400 
1,400 
I,198 
I,400 

220 

400 
700 
616 
8I9 

I,045 
ll2 
I32 
I90 

365 

1.8 
1.3 
1.5 
1.6 
1.3 
1.7 
1.5 
1.0 

of 40 per cent; for egg production 45 per cent and for milk 
60 per cent. 

This gives a sufficiently clear ranking for energy con
version. But the quality of the product is also important. 
Maynard has discussed this question. \Ve cannot wholly 
accept his ranking. For instance the amounts of vitamins 
A and D provided by beef and mutton are not negligible. 
The special value of animal foods depends on what they 
provide that can not be easily got from plant foods. 
Having regard to the differences between good and poor 
human diets, the virtues of animal food derive, in order 
of importance, from (l) calcium and vitamins A and D, 
(2) protein and riboflavin, and (3) under special circum
stances vitamin B1 andfor nicotinic acid. In providing 
calcium for human diet the cow has no peer. The cow and 
hen produce protein more efficiently than the others and 
growing animals more efficiently than mature. The 
ruminant makes vitamins A and D and has the B vitamins 
made or concentrated for it in the digestive tract. These 
it passes on in milk and meat so enriching the total supply 
for human food. The hen and pig compete against man, 
to some extent, for sources of all these vitamins and the 
pig passes on no vitamin A or D. For quality produced the 
cow ranks easily first and beef and mutton follow. 

gain 
I,339 744 8.6 Fattened first winter 
I,640 I,262 ILl Fattened second winter 
1,644 I,096 12.I Intensively fed from weaning 
2,062 I,289 12.7 Intensively fed from weaning 
I,514 I,I65 7.9 Stall fattened from 21 i 2 years old 
4,839 2,846 I6.0 40 Stall fattened: finishing process 
4,952 3,30I I6.3 40 Stall fattened: finished process 
I,229 I,229 22.3 

79 IS 45 
I2,006 35 60 Stall fed 

4,979 I9.5 Spring calving. Includes preg-
nancy allowance 

must be carefully weighed against the need for protein and 
vitamins. The moral is that, as far as possible, rations 
should not include staple human foods, which makes it 
more difficult for the pig and the hen. 

In practice, the farmer may not appreciate these issues 
or if he does he may not be swayed by them. The financial 
return from his crops will be his deciding interest. 

All this indicates the need for planning food production 
in broad outline, not piecemeal. The first essential is to 
know what feeds will be available and for what rate of 
turnover they are suited. Since the cow makes the best 
use of feed and has the fastest turnover, she must have the 
best. On pasture she should have first bite and be 
followed, when the yield and quality of the pasture decline, 
by dry cows, growing stock, or beef stock, sheep or pigs, 
with safeguards against destruction of the sward by the 
pigs. By cutting grass for silage and grazing in this way, 
the total yield from the same land may be raised to twice 
what it would be if used for hay andfor indiscriminately 
grazed. and the nutritive value is higher. This implies 
that a herd of milk cows alone would not make full use of 

Table 2. Direct Consumption or Conversion 

Animal Ration 
Diverted foods 
in brackets 2 

Gain(+) 
or 

loss 
T}£;;;,;~ed:R,;~;;:;;:;;;d Per 
from direct 

con-
in 

product 

The first practical question arising from these con
clusions concerns the loss of energy when foods required 
by man are used for animals. To give significance to a 
discussion of this point, the comparison must be based on 
typical practical rations. Table 2 shows the proportion 
of the total energy of typical rations that could have been 
consumed directly, and the proportion that man gets in Cow: 60 lb. Hay, oilcake, (maize) 25.0 

milkdailv 
35.I + 40 

return when the diverted foods are combined with "in- Cow: 6I lb~ Straw, (oats, roots, 
edible" feeds and given to animals. milk daily soyabean meal, peas). 

The dairy rations chosen possibly represent extremes oilcake · · · · · · 46·3 
Baby beef: (Milk, maize, barley, 

in practice. With the first there is a gain of 40 per cent, fattened roots), bran, straw, 
with the other a loss of about 13 per cent. There is a gain first winter hay, silage, grass . . 48.3 

40.5 -I3 

8.6 80 
of quality with both. Of course the cow producing milk Bacon pig: (Barley, flaked maize, 
from pasture alone, or from hay or silage and oilcake, does weaning to ground maize), midd-

slaughter lings, fishmeal . . . 39.7 
not compete in this sense, though she competes for land. Hen: 1 egg (:\1aize meal, ground 
On the other hand, in place of human foods diverted and daily oats). bran, midd-
nsed with other feeds, baby beef returns only 20 per cent, lings, fishmeal . . . 54.9 I7.7 -70 

22.3 44 

egg production 30 per cent and bacon 56 per cent of the 2 Only the parts usually eaten are reckoned as "utilizable for 
total energy. Here the urgency of the need for energy direct consumption", e.g., 60 per cent of the oats. 
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pasture. If the herd is self-contained, the dry cows and 
heifers for replacement may suffice to take up the residue. 
This, in itself, is an argument for self-contained dairy 
herds. If there is grazing surplus to the needs of the dairy 
herd, the extra stock to be carried should be planned in 
relation to total feed supplies. 

Not only must pasture be fully used, but, from crops 
grown for human food, all occasional surpluses such as 
potatoes in good seasons, and all residues suitable for 
feed, should be used to the best advantage and plans to 
that end should be made at the proper time. The feeding 
value of the residue will determine what it is worthwhile 
doing to get it utilized. The cost of transport either fresh 
or after drying may have to be considered against the 
possibility of having cattle or pig pens in the area, for 
instance beside sugar beet factories or where peas are 
grown on a large scale for canning. The more production 
and conservation of human foods for winter use is organized, 
the more residues there will be of potential value for 
animal feed. They should not go direct from the harvest 
field to the compost heap if they can go to manure via 
some animal. 

So far, all that has been said applies primarily to in
tensive farming. To what extent do these arguments 
apply under extensive conditions or where stock farming 
is little developed and cash crops the dominating, or only, 
interest? There are, of course, many cash-crop areas in 
which no use is made of human food products surplus to 
market demands, or of residues, except occasionally as 
fuel. Getting rid of them may add to cost of production. 
Yet they could, with foresight and some investment of 
capital, be made a source of animal food and of profit. 
The choice of the animal or animals should be in accord
ance with the principles outlined above. 

Extensive animal husbandry is another matter. It is 
beset with problems of which some have been intensively 
studied. The most important are: 

skimmed milk is not fully used that makes production 
relatively inefficient. Only half the energy value of milk 
derives from fat. The residue is an extremely valuable 
food but, so far, the demand for it has been small. Now 
there is an urgent demand, but to get it to where it is most 
needed it must be dried, which involves new problems of 
capital expenditure and greatly increased cost. 

The essential precaution to be taken in such areas is to 
have stock suited in rate of turnover and in number to the 
yield of pasture; that is to say, cows where the grazing is 
good enough for milk, beef cattle or sheep where it is not. 
The only possible cures, if they are possible, are to con
serve part of the spring flush by drying or as silage or to 
bring in other feeds for winter. 

In the tropics where this problem is most acute, it is 
also most complicated. At one time low production was. 
I suppose, considered to be simply a question of the 
inferiority of the indigenous breeds and the remedy, 
enthusiastically advocated and expensively applied, was 
to "grade up" the stock. It would be difficult to imagine 
anything ecologically less sound. Because the rate of 
growth and the milk yield of indigenous cattle were low 
on pastures of only moderate quality at best and, at worst, 
not even capable of supplying a maintenance ration for 
these small cattle, they must be made to grow faster and 
bigger and to produce more rapidly. And this too where 
the moisture content of grass may be as low as 45 per cent, 
with watering places few and far between. 

Here we see, in an extreme form, the force of the fifth 
rule listed above. The genetic approach has been a 
complete failure and the reasons are sufficiently obvious. 
Genes for milk production are useless anywhere without 
feed and water. Even where water and abundant feed are 
available in addition to pasture, as in the dairying districts 
of East Africa, the "improved" cow is not a success 
because of the heat. We have discussed the probable 
reason for this elsewhere. It is briefly that the waste heat 
generated in the processes of digestion and metabolism 

(1) Abnormalities of soil giving rise to pasture of in the high-producing cow exceeds what it can get rid of 
abnormal composition and to specific deficiency diseases in a hot climate. The natural supplies of feed and water 
in grazing stock; for example, shortage of phosphorus, are inadequate for anything beyond the best cattle 
copper, cobalt and excess of selenium. These are now already there; the indigenous cattle have a measure, 
understood or well on the way to solution and so to control. sometimes a high measure, of resistance to diseases to 

(2) Poverty of soil and pasture with low carrying which European cattle have little or none; and nature 
capacity, the temptation to overstock and so the danger has provided a means of averting starvation or death from 
of deterioration to a useless state or of denudation and thirst by providing tropical breeds with humps (or fat 
erosion. This also is now recognized. Attempts are being tails). A sounder move than introducing European stock 
made to improve such grazing by cultivation, manuring to Central Africa might be to try fat-tailed sheep on the 
and re-seeding where that is physically possible and Scottish hills. 
economically sound, a.'l in some British hill areas. Else- For improvement in the tropics the only hope is control 
where the possibilities of introducing new pasture species of over-stocking; such measure of conservation of feed 
and of propagating existing good types are being studied. as may be possible (pit silage is made in some areas); 

(3) Poverty of pasture is aggravated in all areas, better provision of salt so that long journeys to get it are 
acutely in some, by seasonal fluctuation in yield and unnecessary; and gradual extension of settled farming and 
quality. Where drought is not the cause, the fluctuation cultivation. Until there is a great improvement in en
is comparable with that of pasture in intensive fa1 ming vironment, improvement of stock may, I think, safely be 
areas but is more important because of lack of alternative left to the herdsmen. 
feeds. The natural adaptation to the conditions is to have Climate is important in animal husbandry generally 
cows calve or sheep lamb about the beginning of the because in cold or cool climates animals must be housed 
spring flush of grass. This has the great disadvantage that in winter; in countries with extremes of heat and cold they 
production fluctuates with the pasture. The main product may require housing in winter and shelter belts for shade 
of dairy herds in the best rA such areas is butter and if the in summer. Adequate shelter in winter is of the greatest 

440 



CROP POLICY AND THE FEEDING OF LIVESTOCK LEITCH 

importance to the rearing of young pigs. A disorder of 
sucking pigs confused with iron deficiency anaemia has 
just been shown to be caused by insufficient warmth and 
this disorder is one of the heaviest causes of loss in pig
rearing. Many husbandmen consider that cow byres in 
cool climate are usually over-ventilated, and -wTongly 
ventilated when the air-inlet is below the level of the 
udder. This, they think, conduces to mastitis, another 
serious cause of low production. More study of the shelter 
requirements of farm animals, especially high-producing 
animals, is required, for without doubt lack of adequate 
shelter must greatly reduce efficiency. 

On the other hand the building, maintenance and 
cleaning of stock houses represent heavy charges on 
capital expenditure and on labour. The animal that 
requires least shelter can be most easily managed, but the 
economy must be considered in relation to productive 
capacity. 

So too the milking process, dairy equipment, and 
maintenance of a satisfactory standard of clean milk all 
demand extra outlay and extra labour. Total milk yield 
and efficiency may be higher with three milkings than 
with two, but three milkings may require additional 
labour out of proportion to the return. Rationing pigs in 
accordance with fixed standards gives more efficient pro
duction than self-feeding but requires much more labour. 
In some districts the choice may be between self-feeding 
and no pigs at all. Then, of course, the choice should be 
pigs. 

Studies have been made of food production in terms of 
vields per acre, cash returns per acre and labour require
ments. A detailed discussion of these would be fruitless, 
<~ven if time permitted, because the overall return from 
]and, in food or money, depends so much on the system of 
farming and the standard of living of the people for whom 
the food is produced that it is difficult to deduce laws of 
much general importance. 

There is one point. It is commonly held that much 
more labour is required to produce milk than to produce 
any other animal food. But the American study quoted 
by Brody (p. 790) shows that, in relation to food energy 
produced, the American cow is on the average more 
economical of labour than any other animal except the 
pig. 

Efficiency of animal production is greatly impaired by 
loss of stock or of product through infective disease and 
wastage due to sterility. For instance, rinderpest where 
it is endemic periodically decimates herds, and of course 
should be controlled. But prevention of wastage alone 
will not necessarily improve efficiency of production, or 
even raise total production. \Vhere feed resources are 
limited, control of disease will raise production only if 
over-stocking is avoided, and efficiency will be raised only 
if deliberate selection is used in limiting stock to carrying 
capacity. The same is true of other diseases. In intensive 
hrming there are the major problems of tuberculosis, 
contagious abortion and mastitis which cause much loss 
of efficiency. Their importance and control will be dis
cussed at another session of this Conference. 

any other single cause and it becomes increasingly evident 
as control of infection improves. It seems likely that it is 
due to disturbance of the normal functioning of ovary or 
pituitary or both. Two possible ways in which such a 
disturbance might arise may be suggested. In breeding 
for high milk yield, it is possible that animals have been 
selected for high production of pituitary lactogenic 
hormone, and that this means relative underproduction 
of gonadotropic hormones. It is to be hoped that this is 
not the whole, or the correct, explanation. The second 
possibility is that "improved" grasses contain more 
oestrogens than the original strains. It has been shown 
that the high oestrogen content of subterranean clover is 
responsible for sterility in sheep in West Australia and, 
although that particular plant does not apparently affect 
cattle, other pa;::ture species or strains, selected for rapid 
growth and high yield, may provide sufficient of some 
hormone to interfere with ovarian function. The increase 
in the incidence of functional sterility during the past 
fifteen years might be interpreted to support either 
hypothesis because selection of stock and of pasture plants 
have advanced in parallel and the spread of high-yielding 
cows and of "improved" pastures have, naturally, gone 
hand-in-hand. The issue can be decided experimentally. 

The practical implications of functional sterility are 
twofold. Loss of efficiency can be estimated quite simply. 
In the United Kingdom at present the average productive 
life of a dairy cow is probably not more than 4 years and 
the average milk yield over that time is about 6,000 lb. a 
year. If she lived to reach the peak of productive capacity 
attained by her ancestors, which would occur probably 
in the seventh lactation, she would then produce about 
10,000 lb. Up to the peak of production she loses three 
years, with an average of about 8,000 lb. milk, and three 
calves. Table 3 shows the percentage efficiency of cows 
giving, on the average, 6,000, 8,000 or 10,000 lb. milk 
annually for three, four, seven or ten years. 

Table 3. Energetic Efficiency of Cows (Whole Life), Related 
to Average Milk Yield and Number of Lactations 

Average yield and Number of lactations 
efficiency 3 4 7 10 

cent 

6,000 lb. 14.4 15.2 16.6 17.3 
8,000 lb. 17.3 18.3 20.0 20.8 

10,000 lb. 19.8 21.0 22.9 23.8 

From these data it may be calculated that the average 
cow, if she reached 10,000 lb. milk in a seventh lactation, 
would have a whole life efficiency of 18.6 per cent, which 
IS 22 per cent above her present attainment with four 
lactations. The present loss, therefore, is highly signifi
cant. 

Table 3 shows that the dairyman who prefers the cow 
that averages 10,000 lb. milk over three lactations to the 
average cow with seven is on firm ground; not so sound 
if he despises the occasional cow giving 8,000 lb. milk 
for seven lactations. 

Data for recorded herds in England and Wales (1946-
1947) showed an average herd life of only three years. The 
average annual milk yield for first, second and third 
lactations together (64.1 per cent of the cows) was 6,360 

Sterility not due to infection is a different problem. In lb. and the average for the whole recorded population 
(.airy herds it is already responsible for more wastage than 6,730 lb. The maximum yield, from cows in their seventh 
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lactation (3.1 per cent of the cows) was 7,580 lb. This 
suggests that it is the highest yielding cows that disappear 
first from the herds. 

The second implication of functional sterility is this. 
So long as the average dairy cow produces only three 
calves in her lifetime, all the heifer calves must be kept 
for replacement and there is little or no scope for selection. 
If functional sterility is genetic in origin, the process of 
herd "improvement" is obviously becoming self-limiting 
and herds will "revert" to yields that are compatible with 
a longer productive life. There would be little change in 
over-all efficiency. But, if this sterility is to be debited to 
the plant geneticist and not to the animal breeder, then 
there is hope for continued increase of efficiency through 
raising both the average level of production and the 
productive life of herds. That would mean different 
pastures, a problem for the biochemist and plant geneti
cist together; but it would be much easier to replace 
pastures than to re-create stock. 
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Efficiency of Different Classes of Farm Animals in Converting 

Crops to Human Food 

FRANK B. MORRISON 

ABSTRACT 

The proportion of total human food which comes from animal sources ranges all the way from 3 per cent on the dry 
basis in Asia to 25 per cent in North America and 36 per cent in Oceania. 

Foods of animal origin are of great importance in the human diet, because of their nutritive superiorities, and also 
because of their high palatability. 

Most foods of animal origin supply proteins of the highest quality, which admirably correct the great deficiencies in the 
proteins of the cereal grains. Milk is also one of our most important sources of vitamin A, of the B-complex vitamins, 
and of calcium. Eggs not only supply excellent protein, but also are rich in vitamins, calcium, iron, and phosphorus. 

In addition to its high value as a source of high-quality protein, meat is rich in iron, and certain B-complex vitamins. 

Considering all factors, milk production easily ranks first in importance and in efficiency of production among foods 
of animal origin. 

From the energy standpoint, pigs would rank second to milk production in efficiency, but considering all factors, 
second place should probably be given to egg production. 

The amount and the efficiency of animal production could be greatly increased if all farmers adopted and carried out 
the methods now used by the most efficient farmers. Such increases in livestock production could be secured without 
decreasing the supply of grain for human consumption. 

In those areas of the world where the density of popu
lation presses most upon the food supply, foods of animal 
origin form but a small part of the human diet (1) 1 • In 
such regions, people must eat all or nearly all of the edible 
food produced on the cultivated fields, and farm animals 
can have only the forage or other feed that cannot be 
consumed by man. This is because there is unavoidably 
a large loss of energy or heat value in converting into 
human food the grain or other feed eaten by livestock. 

For example, Christensen (2) has recently estimated 

1 Numbers within parentheses refer to items in the bibliography. 

that Indian corn {maize) grain gives an average yield of 
96 lb. of protein and 1,882 therms of energy per acre. If 
the corn is fed to good pigs in a balanced ration, the pork 
produced per acre contains only 18 lb. of protein and 
500 therms of energy. If the corn is fed in an unbalanced 
ration having nutritive deficiencies, or if the pigs are 
mongrels of low productive capacity, the return in human 
food is much less. 

PROPORTION OF ANIMAL FOODS IN HUMAN DIETS 

In areas where the supply of human food is most 
limited, but few farm animals can be kept in cultivated 
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districts for the primary purpose of producing food for 
human beings, animals are kept for draft or work, perhaps 
also producing a very limited amount of milk for man, 
and they are eaten only when· they are no longer efficient 
for work. Areas unsuited to crop production are grazed 
by sheep, goats, or cattle, which contribute to the small 
supply of foods of animal origin. Swine and poultry are 
kept in such parts of the world chiefly as scavengers, 
living mainly on garbage and other waste products. 

The proportion of the total human food that comes from 
animal sources differs greatly in various regions. Accord
ing to estimates by Pearson and Harper (3), all animal 
products make up about 9 per cent of the total food, on 
the dry basis, consumed by the world's population. Grain 
and grain products form about 73 per cent of the human 
food; vegetables and fruits, 12 per cent; and sugar, 6 per 
cent. 

In North America about 25 per cent of the human food 
comes from animal sources, and in Oceania (over three
fourths of whose population is in Australia and New Zea
land) the proportion is still higher, being about 36 per 
cent. At the other extreme, in Asia foods of animal origin 
form only 3 per cent of the human diet, and in Africa 
only 4 per cent. 

Pearson and Harper (3) point out that there is very 
little difference in the total weight of dry food consumed 
by peoples eating a poor diet and by those in more 
fortunate regions. They estimate the total annual food 
consumption per person to be about 543 lb. in Asia, on the 
dry basis, and in Oceania 572 lb. 

The wide differences in the proportion of foods of 
animal origin in various parts of the world lead naturally 
to a consideration of the importance of such foods in the 
human diet, and to a comparison of the efficiency of 
various farm animals in producing human food. 

DIPORTANCE OF A)<IMAL FOODS IN THE HUMAN DIET 

Foods of animal origin are of great importance in the 
human diet, because of their nutritive superiorities, and 
also because of their high palatability (6). Not only do 
they taste good themselves, but they also greatly increase 
the palatability of other foods. 

One of the great nutritive merits of most foods of animal 
origin is that they supply proteins of the highest quality, 
which admirably correct the great deficiencies in the 
proteins of the cereal grains. In addition, milk is one of 
the most important sources of vitamin A, of the B-complex 
vitamins, and of calcium. Eggs are not only rich in high
quality protein. but they also supply vitamin A and 
other vitamins, including vitamin D; they furnish calcium, 
and they are rich in iron and phosphorus. 

In addition to its high value as a source of excellent
quality protein, meat is important in furnishing iron and 
certain B-complex vitamins, especially niacin, or nicotinic 
acid. Pork ranks high in thiamine content, and it is 
estimated that nearly half of the thiamine in the average 
diet in the United States is supplied by animal products. 

For reasons entirely apart from the nutritional aspects, 
it is important to have an adequate amount of foods of 
animal origin in our diet (4, 5). Farm animals are an 
effective means of condensing and storing a surplus of 

feed in a time of great plenty. The numbers of meat 
animals then increase and a reserve is built up which is 
drawn upon for meat in a following leaner period. Farm 
animals are thus a reserve food supply for a time of 
drought or of war. 

In considering the place of animal products in the 
human economy, we must bear in mind that livestock 
are also important because they aid in conserving soil 
fertility through the manure they supply. Moreover, 
farm animals furnish several other important products, 
including wool, mohair, hides, by-products for animal 
feed, and an array of special packing-house by-products. 

Another important point is that any pronounced re
duction in animal production in a country will greatly 
reduce the number of family farms. Crop production can 
be highly mechanized and can be conducted with great 
efficiency on a large scale, in contrast to most types of 
livestock farming. 

RELATIVE EFFICIENCY OF VARIOUS FARM ANIMALS 

The simplest basis for comparing the efficiency of 
various farm animals is to determine the percentages of 
the gross energy of the feed they consume that they 
convert into energy in human food. Though this is the 
simplest basis for comparison, all will agree that it is an 
entirely inadequate measure of the efficiency of farm 
animals. We do not eat animal products primarily as a 
source of energy, for we can get energy at a fraction of 
the cost by eating grain products or such foods as po
tatoes. 

According to estimates by Maynard (7), the following 
average percentages of the gross energy in the feed eaten 
by the various kinds of farm animals are converted into 
human food: pork, 20 per cent; milk (dairy cows), 15 per 
cent; eggs, 7 per cent; poultry meat, 5 per cent; beef, 
4 per cent; and lamb, 4 per cent. Data are also given for 
the percentages of protein in the feed that are returned 
in human food by the various animals. The estimates are 
based on somewhat better than average levels of pro
duction, and do not consider the feed consumed, for 
example, in raising dairy heifers to the milk-producing 
age, or the feed consumed by the breeding herd of swine. 

In estimates made recently by Loosli (5), the various 
entire livestock enterprises have been considered. Thus, 
for the swine enterprise a charge is made for the feed 
consumed by the breeding stock, and the enterprise is 
credited with the carcasses of breeding animals sold for 
slaughter. 

According to these estimates, the swine enterprise 
returns 17 per cent of the calories and 12 per cent of the 
protein in the feed consumed by the swine. A good dairy 
herd returns 10 per cent of the calories and 11 per cent of 
the protein in milk, veal, and beef produced. The poultry 
enterprise ranks lower in efficiency, with a return of 5 per 
cent of the calories and 10 per cent of the protein. The 
beef herd is still lower, returning only 3 per cent of the 
calories and 6 per cent of the protein. Lowest is the sheep 
flock, with a return of 3 per cent of the calories and 3 per 
cent of the protein. 

These and similar estimates are based only on the 
human food returned by the various animals, and do not 
consider other valuable products, such as wool and hides. 
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In comparing the efficiency of pork production and of 
milk production, we must bear in mind that under con
ditions such as in the United States hogs live chiefly on 
grain and other concentrated feeds which are high in 
digestibility and consequently high in energy value. On 
the other hand, only about one-third of the dry weight of 
the feed of dairy cows usually consists of grain and other 
concentrates. Two-thirds comes from pasturage, hay, 
silage, and other roughages, all of which are lower in 
digestibility and in net energy value than are the grains. 

Measured on the basis of the efficiency with which they 
convert either digestible nutrients or net energy into 
human food, dairy cows would rank somewhat above 
swine. Also, measured on the basis of the calories of 
human food produced per acre of crop fed, milk pro
duction would rank slightly above pork production. 

It must be borne in mind that these estimates are based 
upon the human consumption of all the food value in 
milk. When butter is eaten and the skim-milk is used 
for animal feeding, the efficiency of human food pro
duction is, of course, decidedly lower. 

In all comparisons of the efficiency of the production 
of human food by the various classes of farm animals, 
certain facts must always be remembered. Except where 
swine and poultry are kept chiefly to utilize garbage and 
other waste products, they are direct competitors with 
man for food, because they live chiefly on grain. 

In such countries as the United States, dairy cows 
compete with man for food to a much greater extent than 
do beef cattle or sheep. This is because in these countries 
dairying is located almost entirely on land that could be 
used for the direct production of human food. While 
dairy cows may utilize pasturage on some areas that could 
not readily be tilled, such forage forms but a small part 
of their total feed. 

On the other hand, the beef cattle and sheep in the 
United States and similar countries are raised chiefly on 
range or grazing land that is unsuited to tillage under 
present conditions. Here they convert forage which 
would otherwise be wasted into valuable human food and 
other products needed by man, such as wool and hides. 
Except for the very limited amounts of harvested rough
age and of concentrates that may be needed during the 
winter period, range beef cattle, sheep, and Angora goats 
in the United States do not compete with man for food, 
or even with dairy cows, swine, or poultry. 

HUMAN FOOD FROM HARVESTED CROPS 

AND FROM PASTURE 

Jennings (8) has compared the efficiency of the differ
ent farm animals in producing human food, separating 
the feed secured from harvested crops and from pasture. 
To take both energy and protein into consideration he 
has estimated the number of "feed units" required by the 
various farm animals to produce what he calls a "calorie
plus-protein index". In this index the production of 
0.15 lb. of protein (a day's allowance for an average 
person) is given the same weight as the production of 
2,600 calories (likewise a day's allowance for an average 
person). His "feed units" are approximate estimates of 
the values of various feeds in comparison with 1 lb. of 
corn grain (maize) as the standard. 

Measured on this basis, he has estimated that the 
following average amounts of total feed units are required 
for the production of a calorie-plus-protein index of 1.0: 
milk production, 6.5; pork production, 9.2; turkey meat, 
9.7; eggs, 10.7; chicken meat, 12.0; beef, 41.3; and lamb, 
51.7. 

He has likewise made estimates of the grain and other 
concentrates, not including pasture, hay, and other 
roughages, required by the various farm animals to 
produce a calorie-plus-protein index of 1.0. 

On this basis, dairy cows require only 1.6 feed units. 
Lambs come second, requiring 3.2 feed units. For pork 
production, 8.6 feed units in grain and other concentrates 
are needed; for beef, 8.8 feed units; for turkey meat, 
8.8 feed units; for eggs, 10.1 feed units; and for chicken 
meat, 10.9 feed units. 

Considering all factors, including not only energy and 
protein, but also minerals and vitamins, milk production 
easily ranks first in importance and efficiency of pro
duction among foods of animal origin. For this reason, 
every effort was made in Great Britain and other Euro
pean countries during the recent war years to keep milk 
production as near the normal level as possible, and the 
amounts of concentrated feeds allotted for other classes 
of farm animals were restricted severely. 

From the energy standpoint, pigs would rank next, 
but considering all factors, second place in efficiency 
should probably be given to egg production. 

From the standpoint of national food economy. the 
production of beef and lamb also ranks very high, in so 
far as the meat is produced largely from forage that would 
otherwise not be utilized. 

INCREASING THE PRODUCTION 

OF FOODS OF ANIMAL ORIGIX 

In considering the place of animal products in the 
human diet, we must give attention to the possibilities of 
increasing the supply of these products, without de
creasing the production of crops grown for human food. 

First of all, the amount and efficiency of animal pro
duction could be greatly increased if all farmers adopted 
and carried out the methods now used by the most 
efficient farmers. 

For example, the average mild yield per cow in the 
United States could be increased from the present average 
of about 5,000 lb. to the average in our Dairy Herd 
Improvement Associations throughout the country, which 
is well over 8,000 lb. All that is needed for such an 
increase is the putting into practice by all our fmmers of 
the methods and practices that are now well known, and 
which are followed by the men who are more progressive. 
These include well-planned crop rotations, proper fertil
ization, and good soil management, as well as efficient 
feeding and breeding of dairy cattle. 

To reach the goal of high average milk production, 
dairy cows must, first of all, be provided with a more 
abundant supply of roughage of better quality. This 
mean better pasture, such as that furnished by com
binations of suitable legumes and grasses. In the United 
States, it also means the production of better hay, curing 
it efficiently, and feeding it in abundance. In most of our 
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dairy districts, it means also the providing of more high
quality silage, made from corn or the sorghums, or from 
hay crops ensiled by special methods. 

By supplying cows with an abundance of such roughage 
1hroughout the year, the amounts of grain and other 
concentrates needed to maintain high milk production 
can be decidedly reduced. Such a programme of a
bundant and better roughage for dairy herds should 
increase, rather than decrease, the supply of grain for 
human consumption. In addition, it is important to note 
that the improved roughage feeding of dairy cows will 
also decidedly increase the vitamin-A value of milk and 
butter, especially during the winter barn-feeding season. 

The rapid development of artificial insemination of 
dairy cows in the United States and various other dairy 
regions is making possible a decided increase in the pro
ductivity of dairy cows. Through this means a dairyman 
can at moderate cost have his cows bred to a bred-for
production sire of high transmitting ability, such as has 
not hitherto been generally available to farmers who do 
not have unusually large herds. 

Not only can the efficiency of milk production be in
creased by improved feeding and by better farming 

practices, but also similar increases can readily be made 
in the efficiency of producing pork, eggs, beef, lamb, and 
poultry meat. 
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Some Research Aspects of Soil Conservation and the Future 
of the Hills 

E. BRUCE LEVY and F. E. T. SUCKLING 

ABSTRACT 

Owing to its diverse geomorphology and variation of climate New Zealand presents a complex picture when studied 
from a vegetational viewpoint. The primary factors affecting plant cover have been further complicated by orogenic 
activity and by the activity of man, particularly by the use of fire. 

In a century of European occupation the vegetative cover has undergone vast changes from forest dominance to 
grassland dominance. With this change problems have arisen due to accelerated erosion of all types following the 
variation of plant cover, and it has become necessary to initiate research into controlled planting of steeper slopes, gully 
control by debris dams and other means, stream alignment, and the improvement of sward density of the established 
grasslands. 

This latter problem has been intensively studied and it is considered that much of the hill country of New Zealand 
has a far greater potential production than what is now being achieved. To realize this, demands the sowing of better 
species and the application of adequate fertilizer, in particular good clovers with ample phosphate. 

With such improvement comes not only greater agricultural production, to the benefit of all, but also a reduction of 
erosion problems through the dense plant cover produced. 

Geomorphologically New Zealand presents in general 
a mature or sub-mature landscape with composite phases 
in regions of rejuvenation by uplift. In its primitive 
condition the easier climatic habitats were clothed with 
dense sub-tropical rain forest for the most part, with 
sub-antarctic beech forests (Nothofagus) on the higher 
ridges and harder ecological regions of slower successional 
forest development. Within the drier regions and still 
more severe climatic habitats, successions to forest were 
;Jrimitive, if not static, the vegetation being dominated 
· lY tussock grassland and divaricating shrubs, or suc
•:essional shrub and low forest trees that precede the 
iorest proper. Above the 4,000 ft. altitude line trees are 

replaced by characteristic stunted scrub, tussock grasses 
and open fell-fields. 

Over considerable areas comparatively recent oro
genetic and primitive human biotic factors were respons
ible for periods of retrogressive succession, and dense 
bracken fern occupied large areas. This in part was 
associated with tutu (Coriaria ruscifolia) and other 
shrubs and small trees that ultimately would, given 
freedom from fire or volcanic activity, pave the way to 
forest once more. 

Everywhere within the forest cover, early successional 
phases of forest regeneration were in evidence, indicative 
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of local forest destruction by fire or by slips and slumps 
in periods of phenomenal rainfall. One has only to 
contemplate our hills and plains to realize there have 
been vast sculpturing agencies at work to carve out 
gullies and valleys and to build our alluvial and gravel fans 
and plains. It is a matter of conjecture whether those 
gullies and valleys were carved out and those fans and 
plains were built gradually over eons of time under the 
influence of a vegetative cover, or whether the main 
work of dissection and deposition was done over a com
paratively short geological period of accelerated erosion 
following uplift out of the sea and before a stable vege
tation covered the surface. Within a century of con
centrated human effort by Europeans and their livestock, 
which has made any interference with the primitive cover 
by the comparatively few members of the Maori race or 
their predecessors, the Maoriori, pale into insignificance, 
the whole vegetation aspect of the country has been 
changed. Today our forests have gone from the hills and 
the last stabilizing remnants of tree stumps are rotting 
away or are being removed by a process of logging up and 
burning. The bracken fern, heath and scrub-land has been 
cleared by slashhook and fire, and any effort of these 
species to return has been militated against by crushing 
of stock to destroy the returning fern fronds and seedling 
scrub. The original tussock-clad country of the lower 
levels in the South Island has either been turned under by 
the plough or so burnt and grazed by sheep and rabbits 
as to now resemble only a vestige of its waving primitive 
cover and grandeur. These retrogressive successional 
activities have resulted, temporarily at least, in diverse 
vegetative coverage. Much of the deforested rain forests 
and hard-habitat beech forest country has defied man 
and his stock. The magnitude of the effort to create and 
maintain a favourable habitat for the projected grassland 
and the failure to carry the requisite number of stock to 
deter the return of the forest precursors, fern scrub and 
small tree growth, led to a resurgence of the potential 
forest cover and what is popularly called "secondary 
growth" covers some millions of acres. Some 10 million 
acres of rain forest and the better class southern beech 
forests have yielded up their domain to grassland. Also 
some 2 million acres of bracken fern, and its intermediary, 
manuka scrub (Leptospermum scoparium) have been 
converted into grassland or are in process of complete 
conversion. The low-tussock has given way to admirable 
short or long rotation farming systems and grasslands 
play an important role in all such rotations. The montane 
tussock has, in the dry, low rainfall belts at least, given 
place to bare earth or to low mat-like plants, the scab
weeds (Raoulia). It has, however, not been possible to 
establish a turf coverage of grass on the areas from which 
tussock has been eliminated. This fact would seem to 
indicate that the montane tussock represents a primitive 
cover ecologically but little removed from bare ground 
and it has taken relatively only a few years of drastic treat
ment with the firestick, and the grazing animals, including 
rabbits, to turn the climax, of almost static tussock cover 
in-retrograde to bare earth or to low hard cushion-like, 
and scabweed mat-growths that step in fortuitously 
between bare ground and the tussock. Whereas all fern, 
scrub and forest cover will, under careful handling and 
stocking, give way to grassland, the montane tussock, in 

its extreme ecological range at least, has so far failed to 
do so and reliance for a return to a grassland cover must 
rest largely on a re-constitution of the ecological conditions 
that will allow successional development back to tussock, 
or a modified tussock cum herbs and associate grasses or 
other edible plants. 

In a rain forest climate, with its annual precipitation of 
between 35 in. and 200 in. of rain per annum, the all 
important question is whether a thin veneer of grass 
between high heaven and bare ground is sufficient in itself 
to stay a cycle of accelerated erosion such as evidently 
took place in the initial sculpturing of our country's 
topography. There is some potential evidence in our papa 
and mudstone country to indicate that the grass sward is, 
in itself, insufficient to hold the country and to prevent 
large scale slipping and slumping of that country to lower 
levels. 

On the other hand there is ample world evidence to 
show that a sward of grass can preserve the earth's surface 
or can so slow up surface soil movement as to make the 
problem of soil erosion negligible. Our problem is to so 
constitute that turf and so graze-manage it that it will 
serve the grazing animal and maintain cover to stay soil 
movement. Where this is not humanly possible without 
some additional stabilizing factors, such factors must be 
introduced and incorporated into our grassland structure 
to give added strength to the grassland in its work of 
stabilizing the surface soil. 

It would appear that much hill country is in a delicate 
state of slope equilibrium and if that equilibrium is 
upset by removal of stumps and roots of the original 
forest cover, or by the action of running water in cutting 
away the toe of the slope, or by degrading the valley 
floor, instability comes at once to the hills and large scale 
slumping takes place. No tree cover and no grass cover 
on the hills can avail against slope movement once the toe 
of the slope goes or once the valley bottom deepens. 
Stability must be brought to the toe of the slope by work 
in the gullies. 

GULLY CONTROL 

Prevention is always better than cure. Strategically 
planting the gully floor, singly or in opposite pairs, or 
planting longitudinally or transversely at the gully mouth 
and at intervals up the gully is always sound, the distance 
between such plantings varying according to grade and 
potential erodibility of the valley or gully floor. It must 
be borne in mind that within the standing forest many 
a vee-shaped gully was filled in by logs and debris that 
came out of the hillside following the forest burn and in 
the readjustment that took place owing to the increased 
runoff that followed the removal of leaf mould from the 
floor and the surface root mass by the destruction of the 
forest. These broad gullies so formed are now open to the 
likelihood of under runners developing due to the decay 
of logs and detritus and it is a reasonable expedient to 
safeguard against undue development of these by a fibrous 
root development from the planted trees. For this 
purpose the willow is easily the most suitable tree. 

In the transverse plantings four rows across with the 
trees three to four feet apart in the rows and between the 
rows are recommended. These should be carried well up 
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the bank and the whole series protected from stock by 
running two or three barb wires around attached to the 
outside poles. Where trees are planted singly, in pairs, or 
in rows, individual manuka-barb wire protection is always 
advisable. Particularly is this true where there is any 
likelihood of stock being hard pressed for feed either in the 
winter or during a summer drought. :Much otherwise 
effective planting can be ruined over night unless this 
protection is given. 

With batteries of trees up or across the gully one has 
an effective weapon to control any bad breaks that 
occur in the gully above the plantings, insofar as 
framework is well established for any debris dam work 
that may be necessary in the event of the gully tending 
to erode. 

O:NCE THE GULLY GOES 

Soil retaining dams must be constructed across the 
gully to collect silt and to so raise the gully floor as to 
reduce, if not eliminate, the eroding action of the running 
water. 

to 1 foot and this applies also to the area between the 
two uppermost lines of poles. Wire netting is placed 
vertically along the front row of poles and is carried down 
into the excavation in front. This wire netting must 
conform to the notch. Into excavations, fern, straw, or 
rough grass is laid and well trodden down. The bed be
tween the other rows is also best strewn with fern, or 
rough grass. This tends to form an effective seal below 
stream-bed level. 

7. The front of the dam must be so constructed by soil, 
rush sods, etc., and finally turfed \vithsodand well rammed 
to make a water-holding dam. This is necessary to contain 
the first rush of water and to hold the dam intact until 
the dam is filled to the top of the notch with silt. 

Extension of dam 

Once the first section is filled with silt an additional 
two rows of poles are planted upstream-ward and addi
tional manuka laid, care always being taken at the same 
time to extend the slope upwards at the banks and 
forward up the gully sides. At each new build up, it is 
advisable to make the front of the dam water-holding. Also by the accumulation of silt the toe of the impinging 

slope is supported and slope equilibrium once more at
tained. In this regard it is important to safeguard against Concrete structures 
s'\\inging the stream against the toe of the slope; otherwise, 
undercutting is possible and further falls will take place. 
Where, however, the grade has been sufficiently reduced 
by the dam structure as to kill the eroding power of the 
stream, the danger in this regard is considerably reduced, 

Where the catchment is greater in area than 300 acres, 
concrete structures, or dams fortified by mechanically 
driven poles to resist the greater rush of water, are 
necessary. These are essentially engineering undertakings. 

except perhaps in periods of flood. Stream alignment 

Where the catchment is under 300 acres, debris dams of Where gullies have broken and are pouring their soil 
the live pole-brush type are satisfactory, provided these and debris down stream into the main gullies and finally 
are built to specification laid down by a Catchment into the rivers, stream-bed aggradation results and the 
Board Engineer who has had some experience with the stream itself takes on a meandering course, adding to the 
work. The essential features are: erosion problem by impinging on and taking away the toe 

1. Poles, willow for preference, must be well sunk into of the subtending hillside slopes that slump into the 
the bed of the stream (a minimum of 3 ft. deep): they stream bed, either to block it temporarily or to divert it 
should be 4 in. to 6 in. in diameter, and 11 ft. long, and to the opposite bank which is soon undercut and slumps 
plantings should be 4 ft. apart each way. in its turn. 

2. A minimum of four rows are required and each row To prevent the meandering stream from impinging on 
must be carried well up into the bank and additional the bank and toe of the slopes some form of diverting 
poles should be carried forward upstream to act as a groin is necessary, extending from the bank or toe of the 
directing groin for the flow of water. slope into the stream bed at such an angle as will readily 

3. A well-defined notch must be provided, one suffi- divert the stream towards a central channel. Live 
ciently large to take the full critical runoff from the herring-bone structures consisting of willows or poplar 
catchment. poles spaced some 4 ft. apart in the row and at an angle 

of 45 degrees with the downward course of the stream 
4. The slope of the spillway from the tail to the top appear satisfactory. In front of the poles and preferably 

should not exceed 1 ft. in 6 ft. rise and the tail must be to 1 foot below ground, manuka or macrocarpa brush is 
well constructed to avoid deepening of the stream bed placed longitudinally with the poles. Pig netting let well 
below the tail race. The creation of a waterfall or curl at down into the ground may precede the placing of the 
the foot of any of these structures must be guarded brush for strengthening purposes. This netting and 
against, particularly where the stream bed is of a readily brushwork obstruction should be carried 1t ft. to 2 ft. 
erodible sand or mudstone nature. above the stream bed in order to catch silt and debris and 

5. The manuka or other brush. placed transversely to still the water flow to obtain deposition of silt, gravel 
between the willow poles, 2 ft. 6 in. high in front, tailing and debris and to divert the water to the central channel. 
off to the tail race behind in a series of steps, must be well The brush must be carried well past the end pole into the 
carried upward into the banks and forward along the channel and the end pole must be anchored by driving 
bank behind the extra side poles planted to act as di- iron rods well into the stream bed to give some security 
recting groins. for this end pole against erosion in times of flood. Where 

6. Prior to placing of brush, the bed of the stream in there is plenty of stone in the river bed, diverting stone
front of the upstream line of poles should be excavated crate groins are satisfactory. 
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Slope equilibrium by spaced plantings of trees 

These may be in strategical groves, in line along fence 
lines or toe of slopes or they may be isolated trees spaced 
at more or less regular intervals at the raie of from 5 per 
acre on the moderate slopes, up to 15 per acre on the very 
steep slopes. 

Deciduous trees are recommended in order to admit 
light to the grassland during the winter and early spring 
to encourage the full development of the grassland right 
up to the bole of the tree. Open groves and single spaced 
trees are to be preferred to dense coppices where not only 
insufficient light infiltrates but also these coppices may 
serve as a draw to stock and merely act as stock camps 
and closets to the detriment of the grassland. If spaced, 
trees tend to spread stock camps and to reduce camping 
in ridges, provided there is insufficient concentration 
about each tree to bare the ground, they may favourably 
react on the grassland by ensuring a better and more 
uniform spread of stock residues. 

It is a colossal task to envisage the planting of our hills 
in spaced trees and to so plant every gully to safeguard 
its going out. We feel it will pay in the end and it must 
enhance the beauty and grandeur of the hills. Had not 
our pioneering forefathers from Great Britain and else
where brought with them the urge to plant trees our 
lowland country today would be bare and inhospitable. 
The vounger generation have never learned or have for
gott~n how to plant trees; our hills are bare, cold and 
forbidding to look upon and they need the trees more 
vitally than do the well-planted lowlands. Trees must 
come again to the hills. 

THE GRASSLA~DS THEMSELVES 

In the ultimate the all over safeguard to the hills is a 
stable grass and clover sward, so dense as to expose little 
or no bare ground. Gully control and slope stabilization 
by strategic planting of trees are but a means to an end. 
Pasture sward improvement on the hills is the key to soil 
conservation. That dense sward, better constituted and 
more discriminately grazed, not only to provide better 
coverage, but also to increase the bulk of feed produced, 
is essential. The same principles that lead to pasture 
improvement-to greater production and to greater stock 
carrying capacity-apply in obtaining sward density and 
ground coverage that will stay soil movement from the 
hills. 

Better and more appropriate species of clovers and 
grasses, an upbuild of soil fertility by top dressing with 
phosphates or phosphates and lime and the imposition of 
a grazing management appropriate to the needs of the 
individual components of the turf itself are called for. 
This implies a greater control of the grazing animal and 
a better and fuller utilization of the fence. We are con
fidently of the opinion that the manner of grazing is far 
more important to the development of the sward than 
the class of stock used in that grazing. Cattle tear the 
turf about more than do sheep. Sheep, rotationally grazed 
with a minimum of cattle, may yet be the answer in the 
case of the hills, once the secondary growth phase has 
been mastered. A higher density per acre of stock will tend 
more to terrace the hills and thus to check the speed of 
run-off. 

GRASSLA~D RESEARCH 

A scheme of research undertaking the foregoing features 
of gully control and hillside stabilization by tree planting 
and to study pasture improvement and the effect of 
grazing management is under way in collaboration with 
the Manawatu Catchment Board and the Soil Conser
vation and Rivers Control Council. 

An area of 50 acres of grassland on typical erodible hill 
country out of rain forest has been oversoV>n, top dressed 
and space planted in trees and a further 130 acres have 
been subdivided into a number of ten-acre blocks, this 
acreage being considered the minimum area to study 

management with sheep and cattle where a mea
carrying capacity and animal thrift in terms of fat 

lamb, wool, etc., is being made. Apparatus is being 
made. Apparatus is being installed in each differentially 
grazed block and the run-off and soil loss from 1 acre 
catchments is being measured. 

The treatments on the special grazing area are as 
follows: 

I. Hard, close and continuous grazing without manure 
or oversowing of seed. 

2. Hard, close and continuous grazing with oversowing 
of seed and manure. 

3. Long period spell without seed or manure. 
4. Long period spell with seed and manure. 
5. Lenient set stock with seed and manure. 
6. Rotationally grazed, 2 shifts per week, 4 paddocks 

each of 10 acres. 

7. Rotationally grazed, 2 shifts per week, 4 paddocks 
each of 10 acres, with special purpose winter paddock and 
special purpose summer paddock, with or without supple
mentary crops (pampas) (Cortaderia dioica). 

Pasture measurement in terms of seasonal and total 
production is being measured by moveable frame en
closures. Botanical composition by herbage dissection 
of cut material and ground cover and percentage species 
contribution by point quadrat analysis are being deter
mined. 

FUTURE OF THE HILLS, AND THEIR ROLE 

IK PRODUCTION OF FOOD AND WOOL 

The great majority of our deforested hills, of the North 
Island in particular, are potentially almost as high pro
ducing as the lowland, flat and undulating country. The 
favourable grassland climate, its adequacy of rainfall, its 
mild winters and copious sunshine all bespeak potenti
alities and possibilities of creating pastures on the hills 
equal to, if not better than, many pastures considered 
fairly good on the lowlands today. Given an increase of 
soil fertility the hills will grow our first class grasses and 
clovers-perennial ryegrass ( Lolium perenne), white 
clover (Trifolium repens), crested dogstail (Cynosums 
cristatus), and cocksfoot ( Dactylis glomerata); where that 
standard is not yet reached broV>Titop ( Agrostis tenuis), 
Yorkshire fog ( H olcus lanatus), Lotus major, subterranean 
clover (Trifolium subterranet~m), are established and 
carrying well; Dantlwnia, N. Z. ricegrass (1l1icrolaena 
stipoides), Poa pratensis, sweet vernal ( Anthoxanthum 
odoratum), and the annual clovers abound on the drier hill 
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country of the East Coast and there the potentialities for 
improvement have been clearly indicated by the use of 
subterranean clover and phosphates. 

All browntop and Lotus major country in New Zealand 
is potentially ryegrass-white clover dominant together 
with some crested dogstail and cocksfoot. These pastures 
are potentially capable of grazing four to six ewes and fat 
lambs per acre. The dominant browntop, Lotus major, 
crested dogstail with some ryegrass-white clover on the 
more fertile gullies, slopes, camps and tracks are potentially 
capable of grazing three to four ewes per acre plus some 
fat lambs. The real question before the hills is how to 
carry and adequately feed three to four ewes per acre plus 
some cattle. The unimproved hills may still run a domi
nant stunted browntop, danthonia, hairgrass, sweet 
vernal annual clovers sward, with its one to one and a half 
sheep per acre plus some cattle and store lambs, but there 
is no future for that country, no adequacy in building a 
turf to control manuka, silver cottonwood (Cassinia 
lcptophylla), tauhinu ( Pomaderris phylicaefolia), and the 
like, and no prospects of better grasses and clovers be
coming established as there is insufficient fertility from 
clovers or stock, to encourage their growth and develop
ment. Ryegrass, white clover and crested dogstail need 
the fertilizing ingredients from at least three to four 
sheep per acre before any degree of adequacy is provided 
for their upkeep and thrift. 

Whence this fertility? It must come from the clovers 
and from minerals supplied out of the bag. Clovers and 
phosphates, phosphates and clovers, and increased stock 
carrying capacity under appropriate grazing control is the 
answer. The weak links in this chain are finance and 
labour to wind the mechanism up and start it on its soil 
f(~rtility-building way. Better clovers must be sown 
broadcast over most of our hills and topdressing with 
superphosphate is essential, while fences are required for 
the better control of stock. In many parts manuka and 
other scrub must be cut and burnt and seeded with 
appropriate seed mixtures and large areas of bracken fern 
and hard fern need also the firestick, and the seed bag, 
before topdressings of phosphate are applied. 

We must stress further an over all adequacy of reward 
for the hills. It is, and always will be, a young man's 
country and deterioration must set in anew following on 
old age. The country must be kept occupied by virile 
people. The absentee holder and speculator is a menace 
to the hills, as are also the unoccupied Crown lands and 
much Maori held land. A vigorous occupancy is the key 
note and it behooves the State to encourage that occupancy 
with provision of all weather road access, schools and 
social activities and to help and inspire youth to put his 
heart into his work and into the hill country. 

Further the primary industry itself should be a factor 
in the full development of the hills. Money spent the 
right way and in the hands of the right man will never 
let the primary industry in New Zealand down; it will 
rE'turn manyfold to whatsoever fund-State or pool
from which the spring of wealth originally flowed. Today 
we are quibbling over a little much needed help to the 
htlls in the matter of phosphate, but phosphate has never 
failed us yet and it will not fail us when applied to the 
hills. 

The limiting factor to the successful use of phosphate 
is low rainfall and altitude. The montane tussock country 
of the South Island is not included in our over-all assur
ance for success of the deforested rain forest areas; the 
Southern beech country also is ecologically hard and 
uninviting and what development is possible will be at a 
much greater cost than on land originally occupied by 
rain forest. Insufficient research has been done on both 
these classes of country to prove their ultimate potenti
alities. Regeneration of tussock with its associated herbs 
and finer grasses may provide the maximum development 
possible. Ecologically, if the depleted montane tussock 
is to be regenerated, there must be a strict control of fire, 
while rabbits and all stock must be excluded for several 
years. Once resumption of grazing is undertaken the 
ecologist must be consulted as to how far the tussock may 
redevelop before it can be checked temporarily by fire so 
as to maintain the correct light relationship between the 
finer grasses, sedges and herbs between the tussock. 

Simultaneously with this development should go 
researches into plant introductions in an endeavour to 
introduce species that will establish and will outyield the 
herbs, sedges and present grasses. 

The unpleasant truth is that tussock grassland can 
come again only by reducing temporarily at least the 
number of revenue producing animals and this rather cuts 
across the per acre value of the montane tussock grassland 
as a real worthwhile potential national asset. The vast 
expanse, 14 million acres, of the montane tussock grass
land, however, warrants national attention, but we feel 
such attention must be along broad restrictive lines to 
encourage a gradual natural regeneration, rather than to 
spend much money in an endeavour to bring in cultural 
aid to that development. 

The Southern beech country is a grade or so ahead of 
tussock land and if only it were economically possible to 
apply phosphate and lime ad lib to that country it could 
develop into grassland of the rain forest type. When one 
views much of the grassland development in New Zealand 
that has come out of hard, inhospitable pumice, gum land 
and peats, it is not too much to expect that even beech 
land will one day associate itself with profitable grassland 
farming. The rainfall is sufficient; the beech soil and 
climate is usually hard but given moisture, phosphate, 
clover and the grazing animal it is surprising what 
grassland development is possible and ultimately profit
able. 

SOIL EROSION 

Soil erosion and the need for soil conservation may yet 
prove the needed stimulus for State and private action 
on the hills. If only soil conservation would take farm 
betterment as its basic guide then indeed it would become 
a power for good. Under such action time alone will prove 
whether grassland will smile upon our hill country to 
produce its life giving food and clothing, whether the 
country will go back to secondary growth to add its 
menace and discouragement to the surrounding held land 
or whether it will go back to timber to compete with those 
rigorous climatic lands overseas whose only possible crop 
is timber. The world today is conscious of the need to 
make and get the most out of world potential assets. New 
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Zealand's greatest asset, compared with most other 
countries, is its climate. That climate, even on the once 
timbered hills, enables all classes of stock to run out-of
doors the whole year round. The full development of that 
possibility must place New Zealand in the fore for animal 
flesh, fat and wool production, and it is but a matter of 

planning and some initial finance and encouragement to 
make Xew Zealand a specialist country in this regard. In 
that specialization grasslands play the greater part not 
only as food for stock but also as a covering for the soil 
surface to ward off the dreaded spectre of erosion with its 
consequent loss of good earth. 

The Management of a Permanent Pastoral Industry 
in The Netherlands 

M. L. 'T HART 

In the Netherlands the use of permanent grassland is 
very important for the following reasons: 

1. Permanent grass made up 57 per cent of the culti
vated land prior to the Second World War. During the 
war a considerable area was ploughed up, but this has for 
the greater part been resown. 

2. The net yield in terms of nutritive value was on the 
average 2,500 kg. starch-equivalent a year per hectare, or 
an equivalent of 3,500 kg. barley; therefore it was higher 
than that of cereals and was only surpassed by some 
fodder crops. 

The main causes for this good yield from the grassland 
may be summarized as follows: 

1. The favourable climatic conditions of a moderate 
maritime climate with a fairly distributed rainfall 
of 700 rnm. per year on the average, and an average 
monthly temperature of 2 to 19 degrees C. 

2. The high water table in the soil. 
In a very large part of the area the water 

table is never lower than 1 metre under the surface, whilst 
in winter the surplus water can be carried away quickly 
by trenches and ditches. The water-level in the ditches is 
regulated over a considerable area by pumping with mills 
or engines. It is apparent that on peaty soils the fertility 
can decrease a great deal if the ditch water-level lies 
deeper than 50 ern. under the surface. Also on clay and 
sandy soil the optimum water-level for permanent grass
land lies probably rather high. 

3. Care of soil fertility. 
Cattle and horses are usually in sheds during the winter 

months, and it is estimated that 40 to 50 per cent of the 
production of dung is applied to pastures, which means 
on the average about five tons per year per hectare. It is 
distributed very unevenly, however, because in the 
districts where grassland predominates almost all stable 
dung is applied on this land, whilst on mixed farms the 
dung goes mainly to the arable land. The yield of the 
grassland dressed regularly with stable dung is consider
ably higher. 

On the average 25 kg. 1\, 30 kg. PP5, and 25 kg. K 20 
per hectare are applied annually. It ha..s become evident 
from trials that by increasing the applications of nitrogen 
the yield is stimulated. The limit is expected to be 

200 kg. N per hectare per year, which would result in an 
increase in yield of 40 per cent. 

On very productive grassland heavy ~-supplies may 
cause too high a protein content in the grass. This 
drawback is evaded by additional feeding of products 
poor in protein or by grazing the after it has become 
longer and therefore contains protein. It appears 
unnecessary to increase the average annual dressings with 
P and K manures but at several plots the store will have 
to be increased, as in 25 per cent of the grassland area 
the P reserve is considered to be insufficient. 

Probably after having brought these reserves up to a 
reasonable level the annual supply may be decreased. It 
has become evident that sufficient stores of P and K are 
very important for the yield and the quality of the sward. 

4. Pasture management. 
Management of pastures in the Netherlands varies 

greatly. With repeated mowing it is very difficult to 
maintain a good sward. Under favourable soil conditions 
and careful pasturage adapted to the seasonal variations 
in grass growth, the best turf is obtained when the grass
land is always grazed and never cut. l:nder less favourable 
conditions an occasional mowing seems to affect the 
condition of the sward favourably. Hence the best grass
land yields are obtained in areas where pastures pre
dominate, and where a fair share of the grass crop (30 to 
40 per cent) is preserved for winter fodder. With this 
type of farming over-grazing will not occur in periods of 
poor grass growth, whilst in periods of abundant grass 
growth any surplus is mown for winter fodder, in order to 
prevent the herbage from turning into rough and un
palatable fodder for livestock. 

5. Grazing is carried on mostly with a density of t,.,.o 
to four milch cows per hectare, the cattle being left six 
to ten weeks on a plot in early summer and two to four 
weeks in late summer and autumn. In this case utilization 
is low (50 to 75 per cent). By increasing the number of 
cattle to ten to twenty per hectare and shortening the 
grazing period to five to ten days utilization is increased 
to 60 to 80 per cent. After the world war in several 
experiments with electric fencing the density has been 
increased to forty to sixty milch cows per hectare and. the 
grazing period shortened to one to two days, the net yield 
increasing 10 to 20 per cent as compared with a cattle 
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density of twenty per hectare. The increased production 
is due not only to better utilization of the grass, but also 
to the fact that the cattle can eat longer grass, without 
much of it being trodden. 

6. The preservation of winter fodder. 
In the Netherlands much grass is mown for hay and 

silage namely, 25 and 5 per cent respectively of the total 
grass crop. Very considerable losses are implied, how
ever. There is a tendency to improve the quality of this 
winter fodder by mowing the grass when it is very young; 
its protein content is much higher at this stage but losses 
incurred during preservation are also high. Attempts are 

of Livestock • 1n 

made to limit these losses as much as possible by using 
tripods in hay-making and adding A.I.V. acid, molasses 
or potatoes to the grass intended for silage. 

On a modern farm with a cattle density of 1.2 to 2.0 
milch cows and attached calves per hectare of grassland, 
it is possible by feeding artificially-dried grass to obtain 
milk yield of 3,500 kg. per cow per year if 125 to 175 kg. 
of concentrates per cow per year are given in addition; on 
old-fashioned farms with a density of one milch cow and 
attached calves per hectare, an average of 400 kg. of 
concentrates were needed in order to obtain a yield of 
3,500 kg. milk per cow. 

Relation to Crop Policy: The Feeding 
Nutritional Diseases of Livestock 

L.A. MAYNARD 

ABSTRACT 

In the past it has been possible to maintain a large livestock industry in the United States with comparatively little 
concern for its effect on land resources in terms of the over-all food supply. During the war years and since, however, 
both because of the increase in our population and in increased consciousness of world food problems, the relation of the 
livestock industry to crop policy and the conservation and utilization of resources has received increasing attention. 
Recent experience has emphasized that many areas in the United States must be kept in grass and thus for livestock, in 
the interests of the conservation of basic land resources. The development of more suitable types of range, pasture and 
meadow grasses and increased attention to the problems of management are establishing practices which are resulting 
in the more effective use of these resources with a consequent lesser dependence on grains and high protein concentrates 
in livestock feeding and a saving of food for use directly by man. 

Increased attention has been given to areas where soil deficiencies are resulting in animal troubles. Recently widely 
·scattered areas of cobalt deficiency and isolated areas of copper deficiency have been found. In these areas mineral de
ficiencies are being corrected by the use of mineral supplements either mixed with the ration or fed separately. Seldom 
is the practice of improving rations in a specific element through direct fertilization of the soil resorted to, although this 
is a very active field of research at the present time. In view of the many interrelated factors involved, it appears doubtful 
whether general practices can be established which can be relied upon to increase the content of a specific nutrient under 
varying conditions of soil, climate and management practice. The idea has been widely advanced that soil deficiencies 
are responsible for many of our human as well as animal ills throughout the United States and that appropriate fertil
ization and other soil conservation measures will correct the troubles. Few of the enthusiastic statements thus made 
have any sound experimental or practical basis at present. 

Both experiments and experience have proved, however, that, soil conservation and improvement, though it may 
not step up the nutritive value of a specific food crop, has a large significance in widening the choice of crops which can 
be grown and in growing of species of higher nutritive value, as well as increasing total yield, and conserved and 
stepped up soil resources also. These practices resulted in increased and more efficient production of both food crops 
and livestock per unit of land in the United States and conserved land resources as well. 

It is recognized that a liberal supply of animal products 
for human consumption is of special importance for the 
maintenance and improvement of nutrition and health, 
both because of their special nutrition values and also 
because of their high degree of acceptability in the diets 
of most peoples. While animals transform the products 
of the soil into more nutritious and more digestible and 
more palatable forms they waste basic food resources in 
the process. This is particularly true as regards food 
energy which is of paramount consideration in terms of 
world-wide nutrition. 

An effective livestock industry is dependent upon a 
crop programme which will provide both an adequate 
energy supply and also the specific nutrients needed for 
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health and efficient production. Such a crop programme 
is in turn dependent on the soil and water resources which 
can be made available and upon the appropriate manage
ment of these resources. In the United States, because of 
the large area of productive land in relation to its popu
lation, it has been possible to maintain a large livestock 
industry with comparatively little concern regarding its 
effect on land resources in terms of the over-all food 
supply. Thus in certain respects this country has less 
experience to contribute to the general topic here under 
discussion than others where the problem has long been 
acute. During the war years and since, however, both 
because of the increase in our own population and an 
increased consciousness of world food problems, the re-

• 



UNSCCUR PROCEEDINGS: LAND RESOURCES 

lation of the livestock industry to crop policy and the 
conservation and utilization of resources has received in
creasing attention. 

Experience dating from the First World War has 
shown that, irrespective of other considerations, there are 
many areas in the United States which should be kept in 
grass and thus for livestock, in the interest of the con
servation of basic land resources. Such areas include lands 
which because of their character and slope are markedly 
subject to erosion. They also include semi-arid lands, the 
soil of which may otherwise blow away, particularly in dry 
years. Development of more suitable types of range 
grasses and increased attention to the problems of range 
management are establishing practices which are resulting 
in the more effective use of the land resources through the 
medium of livestock. 

This is an example of a broader development which is 
taking place with respect to livestock generally, namely 
the more effective use of land for the production of pasture 
as well as range grass, and of dry roughage. This means 
in turn a lesser dependence on grains and high protein 
concentrates in livestock feeding and a saving of food 
which can be used directly by man. Both controlled 
experiments and farm practice have shown, in the case 
of dairy cows for example, that land and crops can be so 
managed as to provide pasture, hay and silage high in 
both yield and nutritional quality. As a result milk yield 
is increased and less grain and protein concentrates are 
required. Over-all food resources can be conserved ac
cordingly. 

During the war the United States was especially short 
of the protein concentrates that are needed to balance the 
ration and thus provide for maximum production and 
efficient use of energy yielding feeds. To combat this 
shortage advantage was taken of the studies showing that 
urea nitrogen can replace a part of the protein nitrogen in 
rations for ruminants because of the synthetic action of 
bacteria in the rumen. Thousands of tons of concentrates 
containing urea were thus fed, especially to dairy cows, 
with satisfactory results. As protein concentrates became 
more plentiful following the war the practice of using 
urea declined, but the experience gained remains valuable 
in indicating the conditions under which urea may 
effectively serve in conserving feed and land resources. 

With the continuing vitamin discoveries and the in
creasing evidence of their deficiencies in many commonly 
used rations, their commercial preparation on a large scale 
and at cheaper and cheaper costs has been a striking 
development in our chemical industries. These vitamin 
products, in turn, have been widely used experimentally 
with various classes of stock and some of them have al
ready won a recognized place in practical feeding, particu
larly for dairy calves and poultry. Recent experiments 
have clearly shown that our standard hog rations can be 
improved for reproduction and lactation by adding some 
of the newer B vitamins. Similarly, the commercial pro
duction and experimental use of certain amino acids for 
the improvement of the protein quality and efficiency of 
poultry and hog rations is under way. Here, however, 
economic value in practical feeding remains to be tested. 
One can conceive that these developments in the chemical 
industry may play a significant role in the conservation of 

food and land resources by providing specific nutrients 
naturally deficient in crops which a given area can most 
effectively produce in terms of total yield and digestible 
matter. 

The interrelations of the livestock industry with an 
appropriate crop policy have been emphasized by the 
recent identification of the specific causes of certain 
diseases of livestock long regarded as nutritional in 
character and the experimental production of other nu
tritional troubles which have been made possible by the 
modern discoveries in the field of nutrition. In the United 
States, as in other countries, observation and experience 
have shown that specific mineral nutritional troubles 
occur in certain areas where the soil, and thus the forage 
or other feed crops, are deficient in the mineral nutrient 
in question. Beeson (1) 1 has reported a survey of the 
occurrence of mineral nutritional disease of plants and 
animals in the United States together with some com
ments on the character of the soil concerned. The animal 
troubles were identified bv the occurrence of deficiency 
symptoms curable by feeding the mineral in questio~. 
Since Beeson's review other studies have extended our 
knowledge. 

The most widespread areas are those of phosphorous 
deficiency and the animal troubles are more frequently 
evident where range or dry forage with or without cereal 
grains make up the ration. By contrast, areas of calcium 
deficiency are rare. Recently, widely scattered areas of 
cobalt deficiency have been found and it is evident that 
this deficiency has been responsible for large losses in 
animal productivity. Isolated areas of copper deficiency 
have also been noted. Iodine deficiency exists over a wide 
area, as it does in many other countries of the world. 

As regards area troubles resulting from toxic levels of a 
mineral element in the soil, the only one of recognized 
large practical significance is that caused by excess 
selenium. There are widespread areas in South Dakota 
and certain other sections in the plains region where the 
soil, and thus certain crops, are too high in selenium to 
be safe for either animals or man. While arsenic ingestion 
has been found experimentally to counteract the toxic 
effects, no solution for feeding practice has been found. 
The area in question must be abandoned as a producer of 
food. 

Areas of excess molybdenum have been reported in 
California and in Florida. Copper therapy has been found 
helpfuL In Florida there is evidence that low copper and 
high molybdenum may result in aggravating the deficiency 
of the one and heightening the toxic effect of the other. 

For many years a trouble in calves characterized by 
various deformities and other abnormalities, has bee~ 
recognized as occurring in limited areas in California in 
dry years when the animals were confined on poor feed for 
an extended period. They were designated as "acorn 
calves" because of the general impression that the trouble 
resulted from the dams eating too many acorns during the 
gestation period. This is now known to be untrue, at least 
as regards the direct cause. Hart and co-workers (2} have 
definitely shown that the trouble is not hereditary and 
that it is due to a maternal nutritional deficiency which 

1 Numbers within parenthesis refer to items in the bibliography. 
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has not yet been specifically identified. Neither has any 
specific soil been identified as concerned. Proper manage
ment and feeding of the dam has been found to eliminate 
the trouble. 

It has been the common practice to combat the recog
llized area mineral deficiencies by the use of mineral 
mpplements, either mixed v;rith ration or fed separately. 
The latter procedure, involving the use of "licks" must of 
course be employed on the range. The practices used have 
proved effective. Recognizing that these deficiency 
troubles can occur in subacute forms without physical 
symptoms and that the deficient areas are by no means 
completely established it is becoming an increasing prac
tice to feed mineral supplements on an "insurance basis" 
in many areas and feeding operations. 

Seldom is the practice of improving rations in a specific 
element through direct fertilization of the soil resorted to, 
although this is a very active field of research at the 
present time. In the first place it is recognized that unless 
total yield of other specific nutrient values is also in
creased it is more efficient to feed the deficient mineral 
directly to the animal. Secondly, both controlled experi
ments and field observations have failed to indicate that 
such a practice can be relied upon to accomplish the 
specif1c results desired. This fact is brought out clearly 
in the review by Beeson (3). It is concluded that phos
phorous concentration in the plant is resistant to change 
and in general that fertilization with this element or other 
soil nutrients has little practical effect on the phosphorous 
content of the plant, or at least is unpredictable. Other 
soil factors complicate the results. In general, liming has 
been found to increase calcium content but plant species 
and soil conditions modify the results materially. By 
contrast, nitrogen fertilization lowers calcium content 
markedly. The results from fertilization have been more 
positive in the case of the trace elements. It is generally 
true that applications of manganese, copper and cobalt 
result in greatly increased absorption of these elements 
by the plant. On the other hand, liming may reduce their 
concentration under certain conditions. 

In view of the many interrelated factors involved, it is 
doubtful whether general practices can be established 
which can be relied upon to increase the content of a 
specific nutrient under varying conditions of soil, climate 
and management practice. This conclusion is borne out 
by an extensive project carried out co-operatively by the 
Southeastern Experiment Stations (4) dealing with the 
effect of fertilizers on the calcium and phosphorous content 
of turnip tops. These studies reveal the dominant in
fluence of location and soil type. They show that a 
fertilizer treatment may increase the content of one 
nutritionally important mineral in a crop, and, on the 

other hand, decrease that of another, and that fertil
ization for yield may decrease the percentage composition 
of these minerals. The findings indicate the unreliability 
of generalizations regarding the effect of fertilization on 
nutritive values, but they do reveal that nutritionally 
important recommendations should be possible for specific 
soils and locations. 

In the United States a large amount of attention has 
been given to the question as to whether fertilization or 
other soil treatment will increase the content of crops in 
those vitamins which are frequently deficient in the 
rations of both man and animals. It has been conclusively 
shown that soil factors are of much less significance than 
are climate and genetic factors. Important studies in 
these areas have been reported by the United States 
Vegetable Breeding Laboratory at Charleston, South 
Carolina and the United States Plant, Soil and Nutrition 
Laboratory at Ithaca, New York. 

The idea has been widely advanced in popular articles 
that soil deficiencies are responsible for many of our 
human as well as animal ills throughout the United States 
and that appropriate fertilization and other soil con
servation measures will correct these troubles. This is a 
field which is particularly worthy of intensive and 
thorough study by critically controlled methods, in terms 
of the conservation of soil, animal and human resources. 
Few of the present enthusiastic conclusions are justified 
by such critical study. 

Both experiments and experience have proved, how
ever, that soil conservation and improvement, though it 
may not step up the nutritive value of a specific food 
crop, has a large significance in another direction. Im
proving the fertility of the soil widens the choice of crops 
which can be grown and makes possible the growing of 
species of higher nutritive value-legumes instead of 
grasses, for example-as well as increasing total yield. 
Such practices have both increased yields of nutrients per 
acre and have conserved and stepped up soil resources 
as well. These practices, coupled with the development 
and use of better seed-for example hybrid corn-have 
resulted in the increased and more efficient production of 
both food crops and livestock per unit of land in the 
United States. 
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ABSTRACT 

The economic significance of the essential elements cobalt and copper, and the harmful elements molybdenum and 
fluorine, are discussed. 

Deficiency diseases of ruminants, chiefly "pining" of lambs, associated with pasture levels of cobalt below 0.05 p.p.m 
on the dry matter, are recognized in Scotland over large areas north of Inverness and in Roxburgshire and the Solway 
district in the South. In England the counties chiefly affected are Cornwall and Devon. Control is cheaply accomplished 
either by dressing the pastures with cobalt salts or by direct administration to the animals. 

Pastures low in copper are rare in Britain but diseases of sheep and cattle attributed to copper deficiency in other 
parts of the world are fairly wide-spread. Copper content of the blood and tissues is low although the copper content of 
the grass is normal, and prevention of the diseases is easily accomplished by administration of copper salts. 

Pastures containing very large amounts of molybdenum, up to 100 parts per million on the dry matter, occur on soils 
derived from the Lower Lias geological formation in Somerset, and cause a scouring disease of cattle locally termed 
"teart". Daily administration of safe quantities of copper sulphate controls the disease. 

Industrial fluorosis of cattle and sheep, arising from pasture contamination by fumes from brick kilns, calcining of 
ironstone, steel works, enamel factories, and manufacture of aluminium, is more serious than hitherto suspected. 

INTRODUCTION 

In a brief "experience report" limited to 2,000 words 
it is impossible to deal with nutritional diseases of live
stock as a whole, or even with those associated with 
mineral imbalance, and attention may therefore be con
fined to four of the minor elements of greatest economic 
significance in Britain. Two of these, cobalt and copper, 
are essential nutrients. The other two, molybdenum and 
fluorine, are inessential elements harmful in excess. 

Those interested in a compilation of world literature 
may be referred to the general review Minerals in 
Pastures, Deficiencies and Excesses in Relation to Animal 
Health, published in 1944 as a Technical Bulletin by the 
Imperial Bureau of Animal Health, Aberdeen. A broad 
general article of 5,000 words by the present writer, M afar 
and Minor Mineral Elements in Relation to Animal Health 
and Pasture Management in the British Isles, is included 
in a booklet being issued by the National Veterinary 
Medical Association, London. A similar article of entirely 
different character, Nutrition and Disease in Veterinary 
Research is in course of publication in the Journal of the 
Nutrition Society. 

COBALT 

The classical studies on deficiency of the trace element 
cobalt were carried out in Australasia, where "enzootic 
marasmus", a wasting disease in cattle and sheep in 
Australia, similar to the "bush sickness" of New Zealand, 
formerly attributed to iron deficiency, was found to be 
due to lack of cobalt and rectified by traces of that element 
in the crude iron oxide used for prevention and cure. 
Daily doses of as little as 0.1 mg. of cobalt for sheep and 
1 mg. for cattle, in the form of a soluble cobalt salt, were 
found sufficient to maintain animals in good health on 
affected farms. Other diseases, notably "coast disease", 
were found to be caused by dual deficiency of cobalt and 
copper. 

Over the last decade British investigations, stimulated 

by the pioneering work in Australasia, have revealed 
cobalt deficiencies in Britain, principally in sheep but also 
to a less extent in cattle. "Pine" or "vinquish" of lambs 
in Scotland, attributed to iron deficiency in 1928, was 
shown in 1937 to be due to cobalt deficiency. Large tracts 
of land north of Inverness are affected, and specific dis
tricts in Roxburghshire and in the Solway area in the 
South, have been defined. In England the areas most 
definitely affected are the granitic soils of Devon and 
Cornwall, but other areas in England and Wales also 
show levels of cobalt in the vegetation which are near the 
critical lower limit. This level, established in Australasia 
and confirmed by the Scottish workers, is about 0.07 parts 
per million on the dry matter of the pasture grass. Values 
of 0.08 parts per million are regarded as safe and those 
containing half this amount are always dangerous. It is 
considered unlikely that healthy lambs can be reared 
consistently on pastures containing less than 0.05 parts 
per million. Since it is often difficult to secure pasture 
samples free from soil CC?ntamination, the Macauley In
stitute for Soil Research in Aberdeen prefers soil analyses 
for survey purposes, and regards the "available cobalt" 
extractable by 2.5 per cent acetic acid as a fairly reliable 
index. The range 0.25 to 0.30 parts per million for acetic
soluble cobalt is treated as critical, subject to inter
pretation according to soil type. 

It is noteworthy that cobalt deficiency diseases appear 
to be confined to ruminants and that horses reared on the 
same pastures are unaffected. The reason for this is under 
intensive investigation at present. 

Symptoms of cobalt deficiency are those of progressive 
debility. In lambs, most susceptible over the few months 
after weaning, growth is markedly retarded, the fleece 
becomes lustreless and broken, there may be serious 
discharge from the eyes, and physical deterioration may 
proceed to the point at which the animal is unable to rise. 
Mortality rate may reach 30 per cent on some farms but 
in less deficient areas the economic loss may be confined 
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to bad thriving and poor returns at the autumn sales. 
In so far as management is concerned the mode of 

prevention depends upon the economic value of the land. 
On cultivated land, or marginal land suitable for recla
mation by reseeding, inclusion of 2 lb. of a soluble cobalt 
salt per acre in the fertilizer used for improving the grass, 
is sufficient to last about four years. The relative value of 
different grasses for taking up cobalt from the soil is still 
unexplored. On hill land unsuitable for cultivation and 
of very low rental, costs of fertilization may be prohibitive 
but recourse can be taken to cobaltized mineral licks, or 
to mineral mixtures, or to fertilization of strips along 
frequented sheep walks in the hope that the animals will 
succeed in obtaining the necessary minimum average 
daily amount. Oral dosage at fortnightly intervals is 
effective where the labour can be spared. Costs of admini
stration of the very minute amount of cobalt required to 
correct deficiency are, however, trivial in comparison with 
the spectacular results achieved. The present problem is 
to map out affected farms in more detail and to educate 
the farmers concerned. 

COPPER 

Diseases associated with copper deficiency have now 
heen reported in many parts of the world. In some areas 
the deficiency is direct and associated with low copper 
content of pastures, but in others, notably in Britain, 
diseases which are associated with low blood copper and 
which respond to therapeutic or prophylactic treatment 
with small amounts of copper salts, occur on pastures 
normal or even high in copper content. In Australia the 
so-called "falling disease" of cattle and "enzootic ataxia" 
of lambs are associated with pastures below 5 parts per 
million of copper on the dry matter, and usually below 
;) parts per million. Low pasture values are also associated 
with the "reclamation disease" and "likzucht" of Holland. 
In both cases excellent responses in crop production and 
in avoidance of copper deficiency diseases, can be accom
plished by fertilizing the soil with copper sulphate even 
at the low rate of 10 lb. per acre. Such low pasture values 
for copper, however, are very rare in Britain. Nevertheless, 
the corresponding diseases occur on pastures of copper 
content even above the normal of 7 to 12 parts per million 

cachexias are known in bovines under a variety of environ
mental conditions. Stunting and even death of calves is 
reported, and cachexia of cows associated with infertility 
is not uncommon. The whole problem is under intensive 
investigation at the moment, and a "blood copper survey" 
of England, Scotland and Wales, is in progress. 

In sheep the best known condition associated with 
hypocupraemia is "swayback" of lambs, a demyelination 
disorder developing in the foetus during the later stages 
of gestation in mothers which appear clinically healthy 
despite their low blood copper status. In general the 
lambs are born with extensive demyelination of the 
cerebrum, amounting to gross cavitation of both hemi
spheres in severe cases, and secondary degeneration of 
motor tracts in the cord is always present. These acute 
cases seldom survive the first few days of life, but where 
lesions are slight and the symptoms of spastic paralysis 
not so great as to prevent the lamb keeping up with its 
mother, the animal may survive indefinitely. In areas 
where incidence is low some of the clinical cases may be 
of "delayed type" in which inco-ordination of movement 
only appears several weeks after birth. Mortality from 
acute swayback averages 20 per cent in some parts of 
Derbyshire, 5 to 50 per cent in different years, unless 
precautionary measures are taken. Fortunately these are 
simple. A copperized salt lick is sufficient if the sheep 
take it regularly. If not, periodic dosing with copper 
sulphate during pregnancy, even one substantial dose at 
eight weeks and another at four weeks before lambing, 
abolishes the disease completely. A "swayback" survey 
of the whole country is under consideration. 

As for pasture management, enough is not known 
concerning the other factors conducive to hypocupraemic 
disorders to offer any advice. Where copper deficiency 
symptoms appear in the plants, dressing the soil with 
copper sulphate is advisable in any case, and on pastures 
of genuinely low copper content this will also improve the 
health of the animals. But on pastures of normal copper 
content there would seem no point in dressing them and 
reliance has to be placed on direct administration to the 
animal. 

MOLYBDENUM 

and another factor must therefore be present, which either The trace element molybdenum is commonly present in 
reduces the "availability" of the copper in the grass, or small amounts in soil, and in most pasture grasses to the 
in some way interferes directly with the copper meta- extent of a few parts per million in the dry matter. It 
holism of the animal itself. There has been much specu- serves the useful purpose of stimulating fixation of atmos
lation as to the nature of this unknown factor but as yet pheric nitrogen by the free living azotobacter in soils, and 
no reliable evidence. the nodule bacteria of legumes, but it does not become a 

In passing it should be mentioned that the "enzootic practical problem in animal husbandry except in rare 
jaundice" of sheep in Eastern Australia represents a instances in which it is present in large excess. It then 
problem of converse nature, in which some unknown exercises injurious effects. The clearest instance of 
factor operates in such a way as to cause enormous reten- "molybdenosis" of farm stock occurs on the so-called 
tion of copper in the liver, leading to death with symptoms "teart soils" of central Somerset, derived from the molyb
of copper poisoning on pastures of perfectly normal copper deniferous Lower Lias geological formation. The area 
content. This disease has not been reported in Britain concerned comprises about 20,000 acres and smaller areas 
hut it is interesting to note that conditions of apparent are found in north Somerset, Gloucestershire, and 
copper excess as well as of apparent copper deficiency can \Varwickshire. So far as is known the problem is not 
occur on pastures apparently normal in copper. important in any other areas of Britain. 

The acute hypocupraemic condition of bovines, corre- The pastures of non-teart areas are usually below 3 parts 
sponding to "falling disease" of Western Australia, has per million and rarely exceed 5 to 7 parts per million on 
not yet been encountered in Britain, but hypocupraemic the dry matter of the grass, but in the Somerset "teart 
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pastures" figures up to 100 parts per million are en
countered. Such pastures cause a scouring disease affecting 
ruminants, particularly cows in milk and young stock. 
Sheep are less affected and horses not at all. The severity 
of the scouring is directly related to the content of water
soluble molybdenum in the grass, which is highest during 
the active phase of growth and lowest in old grass. 
Scouring therefore usually commences in May and ends 
in October. It may start within twenty-four hours of 
putting cattle on to affected pastures and in extreme cases 
the dung becomes very loose and evil smelling, the animals 
become filthy, develop staring discoloured coats, and lose 
condition rapidly, eventually suffering permanent injury 
or death. The rapidity with which scouring stops ana 
recovery ensues on transfer to unaffected pastures is very 
characteristic. The disease is a straightforward "molyb
denosis" and can be produced in a few days by dosing 
with sodium molybdate, or by putting cattle on to any 
pasture dressed with molybdate in amount sufficient to 
elevate the molybdenum in the grass to dangerous levels. 

The mechanism of the scouring effect is not yet under
stood but it concerns only the alimentary tract, and can 
be controlled by the therapeutic use of copper sulphate, 
a procedure well known in veterinary medicine for most 
forms of scouring. A daily dose of 2 gm. of copper sulphate 
for adults and 1 gm. for young stock, administered most 
conveniently in the form of 1 lb. or t lb. of "anti-teart 
cake" (mineralized "dairy nuts") is sufficient to control 
the disorder and enable the grass to be used throughout 
the season. This has little or no effect on the absorption 
of molybdenum, and levels of molybdenum in blood and 
urine remain high without apparent adverse effect. The 
adverse scouring effect of molybdenum is therefore con
fined to physiological disturbance of the alimentary tract 
counteracted by copper salts. 

The copper content of teart pastures is normal but on 
many of them hypocupraemic disorders also occur. These 
disorders are equally prevalent outside the central teart 
area, but because they are also sometimes associated with 
scouring and because they can also be controlled by the 
copper in "anti-teart cake" a considerable amount of 
confusion has arisen, and the view has been expressed 
that "teart" is a "conditioned copper deficiency". This 
is erroneous. True teart is a "molybdenosis". "Hypo
cupraemic scours" may be regarded as a "conditioned 
copper deficiency" just as "enzootic jaundice" may be 
regarded as a "conditioned copper excess", but since 
nothing is known about the "conditioning factors" it is 
best to avoid loose usage of the word "conditioned" 
altogether. 

As for pasture management in teart areas, the severity 
of the disease can be mitigated by various cultural 
procedures, or the land used for controlled purposes other 
than pasturage, but now that "anti-teart cake" has solved 
the problem in a simple way the need for change of culti
vation has vanished. All pasture plants do not absorb 
molybdenum with equal ease. Legumes absorb more than 
grasses, so that the more clover there is in a pasture the 
greater is its scouring effect. Little absorption occurs on 
acid soils but on neutral or alkaline soils absorption is 
rapid. Hence liming increases teartness. The grassland 
officer should therefore be as thankful as the veteri-

nanan for control by direct administration of copper. 

FLUORI"'E 

Although fluorine occurs in appreciable quantities in 
bones and teeth it is not regarded as an essential micro
nutrient, and until recently it was considered entirely 
harmful and only unavoidably present in animal tissues. 
Traces are now regarded as useful in protecting against 
dental caries and water supplies containing up to 0.5 parts 
per million are regarded as beneficial although levels 
exceeding 1 to 2 parts per million, are definitely harmful. 
Its significance in animal health arises only when large 
amounts are ingested and this usually occurs by contami
nation rather than by the presence of abnormally large 
amounts of fluorine in vegetation, the content of which 
remains low even when grown on soils very high in the 
element. 

Spontaneous fluorosis is found in many parts of the 
world, the most notable diseases being the "darmous" of 
the rock phosphate areas of Morocco and Tunis, and the 
"gaddur" of the volcanic soils of Iceland. Darmous is 
particularly common in sheep, which may die of inanition 
caused by wearing down of the incisors and dystrophy of 
all the permanent teeth. The use of ground rock phosphate 
as mineral supplement for cows has occasioned severe 
fluorine cachexia accompanied by reduced milk yield, 
lameness, exostoses on long bones and mandibles, hypo
plasia of dental enamel and other changes. 

The most serious outbreaks of fluorosis in Britain have 
been of industrial origin and caused by contamination of 
pastures for a mile or so in the direction of the prevailing 
winds from large factories emitting fluorine compounds. 
One such outbreak has been reported from the vicinity of 
aluminium works near Fort William in Scotland, the 
source of fluorine being the cryolite used as flux. Another 
is the outbreak in Bedfordshire studied in 1939 in the 
vicinity of a large concentration of brick kilns. Yet 
another has recently been studied in the vicinity of open
air burning of ironstone in Lincolnshire. In both the latter 
cases pasture contamination was very serious in the im
mediate vicinity of the source and affected cattle showed 
fluorine values in the urine over ten times the normal, and 
deposition of fluorine in bones up to forty times the normal 
figure, with consequent lameness and cachexia. 

The outbreaks in Bedfordshire and Lincolnshire have 
been fully reported by Blakemore, Bosworth and Green, 
in the Journal of Comparative Pathology and Therapeutics. 
October 1948, but several further outbreaks are now under 
investigation in connection with large steel works in 
various parts of England and Scotland. In the case of 
aluminium factories modern types of furnace can be fitted 
with "scrubbers", trapping the fluorine compounds and 
re-utilizing them for the production of synthetic cryolite. 
Trapping of f1.1mes from established brick-works would be 
very costly but this mode of preventing atmospheric 
pollution is possible when erecting new kilns. In the case 
of steel works the most economical method of dealing with 
industrial fluorosis of farm animals is probably by pur
chase of adjoining land and conducting agricultural 
operations with the known "fluorine hazard" in view
growth of root crops and avoidance of grazing for periods 
long enough to be dangerous. 
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Feeding of Livestock and 
Practice 1 

its Relation to Crop-Raising 

MINISTRY OF AGRICULTURE, ARGENTINE REPUBLIC 

While the part played by high-grade fast-growing breeds 
of large meat yield in the improvement of the criollo 
cattle in Argentina cannot be denied, it must be admitted 
that this improvement would not have been possible with
out a modification of the natural pastures originally 
existing in this country. 

This alteration was fairly easily accomplished in the 
vast central region of the country, which consists of 
extensive pampas with soils of fairly uniform composition, 
not particularly rich in humus or mineral matter, but 
favourable to deep root-penetration by crops, which made 
up for their relatively low calcium and phosphorus con
tent. The areas in question have a temperate climate with 
an excellent rainfall (600 to 900 mm.), layers of drinking 
water at no great depth, and mild winters conducive to the 
growth of vegetation. 

This combination of exceptional conditions made possi
ble the formation of extensive perennial pastures of 
lucerne, fine grasses and cereals, and the parallel develop
ment of the extensive raising, all the year round, of the 
various types of livestock, which soon reached a high 
standard of quality, thanks to intensive crossing with 
European breeds. 

Outside this favoured zone, however, this great trans
formation was slowed down progressively in its advance 
towards the north of the country, owing to much more 
adverse topographic, ecological and health conditions. In 
the latitudes further north rainfall is more irregular and 
underground water-bearing strata and natural water
courses are few and far between. 

This northern zone has a subtropical climate and is 
mostly mountainous, with a succession of forest areas, 
arid or irrigated valleys, plains and plateaux etc. These 
factors give rise to regions with very different soils and 
variable plant covering-mostly xerophilous. Rainfall, 
too, varies enormously, some areas receiving no more than 
300 mm. a year, others up to 500, while the rainfall 
reaches 750 mm. in the most favoured areas. A topo
graphy as irregular as this exhibits a great number of 
different environments or micro-climates. 

In this environment stockraising has had to adapt itself 
to the most varied conditions and there thus exist regions 
where cattle, sheep, goats or horse breeding may be more 
prevalent etc. according to the abundance or scarcity of 
water. Such livestock, which is usually of slow growth, 
has been formed as a result of perfect adaptation to the 
environment. 

This is not to be wondered at in view of the fact that the 
stock lives on large ranges covered by a xerophilous 
vegetation, chiefly trees and shrubs belonging to the 
leguminosae and cactaceae, which sprout and bear fruit 
during the brief rainy season, thus enabling the stock to 

1 Original text: Spanish. 

be fattened to a certain extent provided that the land is 
not over-grazed during this period. The rest of the year 
the animals live on scanty hard pastures made up of the 
genera: Stipa, Trichloris, Setaria, Aristida, Andropogon, 
Bouteloua, Pappophorum, etc. 

The situation is better in those areas with an annual 
rainfall of 500 mm. where it has recently been found 
possible to raise crops and sow, at the proper seasons, 
forage plants and cereals with a short cycle of develop
ment such as maize; sorghums, such as kafir; legumes, 
such as soya and Phaseolus attreus, which has a copious 
foliage and a large production of beans; and grasses such 
as Rhodes grass (Chloris gayana), kikuyu grass (Penni
setum clandestinum), etc. The forage crops are also used 
for silage and for the preparation of leguminous hays. 

In areas where the higher humidity caused by the clouds 
covering certain plateaux and mountain slopes, together 
with the rainfall, gives an annual precipitation of up to 
750 mm., certain forms of pasture are planted, depending 
on the altitude. Crops that do well between 1,000 and 
2,500 metres include barley, oats, maize, Phalaris minor 
and bulbosa, sorghums in summer, fine grasses of the 
Lolium type, bluegrass (Po a pratensis), Dactylus fiomerata 
and lucernes, either pure or mixed with Australian brome 
grass ( Bromus unioloides). 

In irrigated valleys, all cereals are cultivated, and 
perennial and annual pastures are planted. In valleys 
that are very hot, but of intermediate altitude, forage 
species adapted to sub-tropical climates are preferred, 
including kikuyu grass, Phalaris bulbosa, Rhodes grass, 
molasses grass (Melinis minutiflora) etc., all of which have 
the advantage of forming dense swards with a high yield. 
Mention must be made of elephant grass and guinea grass 
( Pennisetum purpureum and Panicum maximum) as cut 
forage crop. 

In this northern zone a single establishment often 
contains all three of the environments described above, a 
situation which calls for intelligent interpretation of the 
systems of farming to be employed, in order to utilize not 
only the better but also the less-favoured land, while 
introducing efficient stock-raising methods in order to 
achieve progressive crossing of the stock in conformity 
with the nature of the environment. 

Argentine experts therefore report: 

That the agricultural practices and standards which 
have made possible the improvement of livestock in the 
sub-tropical areas of Argentina are as follows: 

I. Subdivision of large ranges for rotation of crops and 
preparation of reserves for feeding the livestock; 

II. Collection of rainwater and underground layers of 
water by means of dams in regions lacking normal water-
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courses but having a seasonal rainfall, in order to permit 
a more efficient distribution of livestock; 

III. Adoption of crops and sowing of forage crops with 
a short cycle of growth for ensilage and hay-making, and 
the harvesting of maize and kafir in regions with an annual 
rainfall of about 500 mm.; 

IV. Formation of permanent pastures of fine grasses 
and lucernes, mixed pastures and the sowing of cereals of 
every kind for grain harvests and winter pasturage in 

Summary of Discussion 
The CHAIRMAN stressed the importance of the three 

meetings devoted to the study of livestock breeding, 
feeding and diseases. At the previous meeting the possi
bilities of improving livestock by new breeding tech
niques had been discussed. At the current meeting the 
related problem of the feeding of farm animals would be 
examined. 

He considered that greater efficiency might be obtained 
through attention to improving feeding methods rather 
than to breeding techniques in the strict sense of the term. 

Dr. Leitch and Mr. Morrison held theories which were 
often divergent, but in their papers they both based their 
conclusions on the relationship between the consumption 
by farm animals of foods suitable for human consumption 
and the energy or caloric value of that food when it had 
been converted by them. They had both concluded that 
the dairy cow, followed by the pig or the laying hen, came 
first from the point of view of efficiency. 

The Chairman also drew his colleagues' attention to a 
very important problem raised by Dr. Leitch, namely, 
the increase in functional sterility which, according to 
her, was due to the increase in milk production. 

Miss LEITCH explained that in her paper, entitled 
"Efficiency of Different Classes of Farm Animals in 
Converting Farm Crops to Food", she had confined herself 
to classifying farm animals in accordance with their 
energetic or caloric efficiency and had not been concerned 
with the quality of the food they produced. Experiments 
showed that the dairy cow headed the list. If the quality 
of the products was taken as the starting point, it was still 
found that the dairy cow was the most useful animal, 
with the possible exception of a good laying hen. 

Miss Leitch then spoke of the important problem of 
functional sterility in cows which arose in a particularly 
aggravated form in the United Kingdom. The cause of 
that phenomenon was as yet unknown. According to 
observations carried out in the United Kingdom and in 
Sweden it was not infectious in origin. That was why she 
had called the sterility "functional". Possible causes of 
the disease were: lack of hormone balance caused by 
intensive breeding, and nature of the feed which was 
given to the animals with a view to increasing their milk 
production. It was possible that the feed used to obtain 
maximum efficiency adversely affected reproduction. It 
was also possible that certain feeds were not entirely 
suitable. For example, in Australia subterranean clover 

more favoured areas, between 1,000 and 2,000 metres in 
altitude, and with a yearly rainfall of up to 750 mm.; 

V. More intensive cultivation of crops, mainly lucerne, 
harvesting cereals and pastures of sub-tropical grasses 
which are dense enough to choke the scrub that abounds 
in this environment in irrigated valleys with a hot cli
mate; 

VI. Cleansing, by economical processes, of the pastures 
in order to rid them of scrub. 

was responsible for sterility in sheep although that 
particular plant did not apparently affect cattle. A possi
bility was that "improved" grasses contained more 
oestrogens than the original strains. The investigation 
was still at an early experimental stage but the greatest 
attention should be paid to it. 

Mr. MoRRISON presented his paper on "Efficiency of 
Different Classes of Farm Animals in converting Farm 
Crops to Human Food", and examined the very in
teresting method employed by Mr. Jennings for comparing 
the efficiency of the different farm animals in the pro
duction of human food. In order to take into account the 
energy value and protein content, Mr. Jennings had 
estimated the number of feed units required by the various 
farm animals to produce what he called "a calorie-plus
protein index". 

If that principle was taken as a starting point and due 
allowance made for all factors, including not only calories 
and proteins but also mineral salts and vitamins, milk 
production easily ranked first in importance and efficiency 
of production. From the energy standpoint, pigs ranked 
next, but if all factors were considered second place in 
efficiency should probably be given to egg production. 
Pigs and poultry, however, directly compete with man 
by consuming food suitable for human consumption. 
Beef and lamb occupy a very important place in so far 
as sheep and cows fed largely on forage that would not 
otherwise be utilized. 

Mr. Morrison then referred to Dr. Leitch's theory that 
the use of improved pasture for dairy cows was the cause 
of functional sterility in those animals. He stated that 
in the course of his observations in the United States at 
least, he had not noticed any increase in the rate of 
sterility which could be attributed to an increase in milk 
production due to new feeding methods. On the contrary, 
he had always considered that sterility was more apt to 
be due to under-feeding. 

Miss LEITCH stated that, chronologically speaking, the 
increase in sterility had run parallel with the increase in 
production due to "improved" pastures. There was no 
proof, however, that there was necessarily a causal 
relationship between the two phenomena. At the be
ginning of the century, before the system of "improved" 
pastures was introduced, dairy cows in Scotland had from 
7 to 12 lactations. Many now became sterile after three 
lactations. 
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That was a simple chronological correlation; sterility 
might be due to other causes. 

Mr. HAMMOND confirmed that sterility had increased in 
the United Kingdom with the increase in milk production. 
He attributed that phenomenon to the practice of making 
the cows calve in autumn and to a lack of hormone 
balance. He thought that more attention should be given 
to hormone balance than to the balance and quality of 
the feed. 

Mr. ELLIOTT stated that during preliminary experi
mtmts conducted in New Zealand it had been noticed that 
well-fed cows had more difficulty in calving than less 
well-fed cows. 

Mr. HAMMOND returned to the question of the efficiency 
of different classes of farm animals in converting crops to 
food and stated that, because of the shortage of foodstuffs 
in England during the war, the priority system advocated 
by Dr. Leitch had been adopted. The suitability of food 
for direct human consumption consumed by certain 
animals had also been taken into account and that had 
eliminated pigs and poultry, the feeding of which necessi
tated a considerable consumption of cereals. Dairy cows 
carne first from the point of view of efficiency but, there 
again, it was necessary to take into account the quantity 
of milk they produced. Since a cow only began her pro
ductive life two and a half years after birth, it was too 
costly to breed and rear low-yield cows. Every means 
had therefore been tried to improve livestock breeding, 
including artificial insemination. 

Mr. MoRRISON thought that the relationship between 
sterility and milk production in cows should be studied 
more thoroughly. 

During experiments carried out in Minnesota, a special
ist had noted that high-yielding cows lived as long as 
lower-yielding cows. 

Since, however, modern stockbreeding methods had 
only been applied for forty years, it was still too early to 
say what effect the increased production of milk would 
have on the average length of life of cows. 

With regard to the problem of reproduction, Mr. 
Morrison stated that during his visit to Argentina he had 
been able to visit some of the best pastures in the world. 
For a period of from nine to ten months in the year the 
cows grazed on excellent quality lucerne; in winter 
their feed was supplemented by grass and cereal pasture. 
Although he had no exact information on the birth rate, 
he had the impression from his conversations with stock
breeders that production was best where the animals 
grazed on high quality lucerne. 

Lastly, he compared the efficiency of pigs which were 
self-fed, free-choice, on grain and a good protein supple
ment, with that of pigs receiving a scientifically balanced 
ration. It had been found that pigs know how to balance 
their own diet and generally eat the proper amount of 
protein supplement. In the United States, 24 experiments 
had shown that the gain in weight of pigs which were self
fed, free choice, was appreciably higher than that of pigs 
hand-fed with a scientifically balanced ration. 

lation between the fertility of cows and the yield of milk. 
On the contrary, he had encountered many difficulties in 
making cows calve in the winter and he therefore wonder
ed if light did not have a certain influence on fertility. 

The CHAIRZ.iAN asked Mr. Hammond whether the ex
periments carried out at Cambridge had shown that 
increased fertility in sheep which accompanied increased 
milk production (flushing) was due to nutrition or to the 
effects of light. 

Mr. HAMl\10ND replied that experiments were being 
carried out on the effects of light on cows but that results 
were not yet sufficiently clear. In sheep daylight hours 
determine the breeding season. 

The phosphate deficiency of soils corresponded to rather 
high rates of sterility. For example, in South Africa, 
Australia and Poland where there was not a sufficiently 
high phosphate content in the pastures, calving was only 
70 per cent of the normal rate. 

Yet another factor affecting animals' efficiency of 
conversion of foodstuffs is their age. In order to obtain 
high efficiency it was therefore necessary to fatten the 
animals while they were young. 

Miss LEITCH said it appeared from the Cambridge ex
periments that light determined the breeding season in 
sheep but the diet of the ewes might affect the number of 
lambs born and certainly did affect the survival of the 
lambs. 

In the absence of the authors, the CHAIRMAN introduced 
the paper by Mr. Bruce Levy and Mr. Suckling, on "Some 
Research Aspects of Soil Conservation and the Future 
of the Hills". 

The paper contained interesting information on the 
management and improvement of grasslands in New Zea
land, where the forests had largely been replaced by grass. 
In the hilly regions, the conservation of the grasslands 
raised the problem of erosion, which appeared chiefly in 
the form of gullying. Steps were taken to remedy it by 
constructing various types of dams in the stream beds, 
planting trees in the gullies and on the hillsides, and 
thickening the layer of grass covering the soiL 

Generally speaking, the productivity of the grasslands 
could be increased by dressing with phosphate and lime 
fertilizers and a stricter control of grazing by means of a 
system of fences. One of the methods employed for that 
purpose was to divide the grassland into several paddocks 
and to change the grazing shift twice a week, so that the 
grass was almost equally all over. 

The Chairman then introduced the paper by Mr. 'tHart, 
also absent, on "The Management of a Permanent 
Pastural Industry in the Netherlands". 

The high yield of the grasslands in that region was due 
to the climate, the high water-table in the soil, never 
more than one metre below the surface, the maintenance 
of soil fertility by means of dung and nitrate, phosphate 
and potash fertilizers, and to good pasture management. 
Management methods included having as much grass as 
possible grazed on the spot and mowing reduced to the 
necessary minimum, the number of cattle per paddock 

Mr. M. P. PRICE stated that during his long experience increased while at the same time the grazing period was 
as a stockbreeder he had not been able to find any corre- shortened by a system of electric fencing, and lastly losses 
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resulting from hay dessication reduced by mowing the 
grass while it was still very young. 

Mr. DoAK said that in New Zealand the high yield of the 
grasslands seemed to be due above all to the improvement 
of the varieties of rye grass and clover and to their well
balanced combination. Clover played an essential part 
because it fixed a large quantity of nitrogen in the soil and 
thus helped to maintain its fertility. The soil's nitrogen 
supply was also protected by the restoration of the nitro
gen absorbed by the stock, in the form of dung and liquid 
manure. 

In northern New Zealand, thanks to clover and the 
presence of cattle and sheep on the grasslands, the grass 
continued to grow even during the winter. 

::VIr. ::VioRRISO~ questioned whether the method of 
grazing rotation practised in New Zealand would be of 
similar advantage in the United States. Rotation grazing 
was advisable for grassland containing lucerne and ladino 
clover. However, rotation grazing of bluegrass and white 
clover had increased the yield of forage only by about 10 
per cent. 

Rotation was advisable in the case of sheep to 
reduce the ua.ul<L0 c caused by internal parasites. 

Mr. McPHEE said that in the south-east of the United 
States, differences had been experienced in the yield ac
cording to the time of grazing. Thus, at the beginning of 
the season, the amount of phosphorus absorbed by the 
cattle was sufficient, whereas later on, it was essential to 
supplement it with extra fodder: it was well known that 
phosphorus played an important part in the rate of re
production among livestock. 

Mr. ELLIOTT dwelt on the effect of grazing methods on 
the composition of grasslands and consequently, on the 
conservation of the soil. His remarks showed how im
portant it was to measure the yield of grasslands. 

He observed that instead of speaking of grazing rota
tion, it would be preferable to use the expression "con
trolled grazing". The question was not one of a rigid 
method consisting solely of rotation but rather of a 
general system of management designed to bring about 
the rational utilization of all the plants making up the 
pasturage. 

Thus in New Zealand, not only was the system of ro
tational grazing, properly so-called, applied, but also 
certain paddocks were closed up in the autumn and ra
tioned out to animals by use of the electric fence, during 
the winter period when pasture growth was normally low. 

Mr. HAM:VIOND thought that in the management of 
grasslands, it was also necessary to bear in mind the im
portance of a general improvement in soil productivity 
through the rotation of grass with crops for direct h1,1man 
consumption. 

The CnAIR~fAN said that the method known as A and B 
pasture had been used to measure the yield of grasslands, 
but had been abandoned because it was not giving satis
factory results. 

A new method currently being tested would probably 
prove more effective: it was to alter an animals' grazing 

while at the same time maintaining its weight at the same 
level. From the results obtained, it was possible to de
duce t.he yield of different grazing methods. 

Mr. MoRRISON thought that the method was not con
clusive because grazing habits varied considerably and 
could not be determined with precision. 

Mr. DoAK said that in New Zealand it had been noted 
that if the combination of clover and rye grass was well
balanced, the grass was always grazed with remarkable 
regularity, whatever type of animal was grazing. 

Mr. BISHOPP drew attention to one aspect of grassland 
improvement which seemed to have been rather neglected. 
The presence of certain insects on the plants and in the 
soil caused serious damage to the grazing grounds; it was, 
therefore, necessary to eliminate them so as to increase the 
productivity of the grassland. In addition, as Mr. Mor
rison had pointed out, certain plants transmitted parasites 
to the grazing animals which were harmful to their health: 
there again there must be human intervention in order to 
overcome the difficulty. 

Mr. G. H. HART said that he had been able to judge 
personally the effectiveness of the so-called grazing ro
tation method applied in New Zealand. The best yield 
had been obtained when the grasslands were divided into 
small paddocks all used at one and the same time, in each 
of which the maximum number of animals was made to 
graze for a minimum period, sometimes not more than a 
day. 

The system deserved close study because it could be 
applied in other stock-raising countries. 

The CHAlRMAX drew the attention of the experts to Mr. 
Maynard's paper, entitled 'The Feeding of Livestock in 
Relation to Crop Policy: Nutritional Diseases of Live
stock", and Mr. Green's paper on "Minor Elements in 
Relation to Animal Health in Great Britain". 

He said he would introduce Mr. Maynard's paper him
self. In the paper, Mr. Maynard emphasized the growing 
importance of grasslands in the economy of the United 
States of America; he dwelt on the necessity of obtaining 
good quality grasslands and utilizing them in such a way 
as to achieve the maximum yield. 

Mr. Maynard then stated that certain soils were more 0r 
less completely lacking in certain mineral substances, the 
absence of which from the grass grazed by the livestock 
brought about various nutritional diseases known as de
ficiency diseases. He drew special attention to the fact 
that recent analyses had revealed that a fairly large 
number of soils in the United States of America were 
lacking in phosphorus, while others were lacking in cobalt, 
iodine, calcium or copper. The absence of phosphorus was 
particularly widespread, and the absence of cobalt was 
particularly serious because it caused a drop in productivi
ty and also certain troubles among livestock. 

He also showed that the presence in the soil of excessive 
quantities of certain mineral substances could also cause 
more or less serious troubles among livestock. In that 
connexion,he referred particularly to selenium and molyb
denum and pointed out that the harmful effects of exces-
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sive molybdenum in the soil and therefore in the grass, 
could be corrected by treating the livestock with copper. 

He then explained that in general, the absence of cer
tain mineral substances from the soil, and therefore from 
the grass, was corrected by introducing a certain amount 
of the missing mineral substance directly or indirectly into 
the fodder. The method of putting the missing mineral 
elements into the soil did not seem to be of very great 
practical value nor did it seem likely to give veq good 
results; however, the matter was currrently being studied 
in the United States. Experiments had also been made to 
determine whether it was possible to increase the vitamin 
content of the crops and therefore of the pasture by ma
nuring and other treatments. The initial results obtained 
had not been very encouraging; it appeared that soil 
factors were much less important than climatic conditions 
and genetic factors in determining the vitamin content 
of the crops. 

However, although manuring and other soil treatments 
did not seem to give very positive results in that particular 
field, they could do a great deal to increase the fertility of 
the soil, which made it possible to alter the composition of 
the pasture and to replace the less rich and demanding 
species by species which were more demanding and more 
nutritive, e.g., to substitute clover for grass. 

Miss LEITCH presented Mr. Green's paper on minor 
elements in relation to animal health in Great Britain. 
Miss Leitch emphasized the valuable research work which 
Dr. Green and his collaborators were currently carrying on 
in the United Kingdom on the question of the importance 
of trace elements in livestock nutrition. 

Miss Leitch dealt with cobalt first. She recalled that 
cobalt deficiency caused disorders in ruminants, in par
ticular in sheep, which had long been well known though 
the true cause had only recently been recognized. Treat
ment for the disease was simple. It required only the 
supply of small amounts of cobalt to the animals. 

The question of copper deficiency and of conditions with 
which copper was associated was extremely complex and 
controversial. In certain parts of the world, low copper 
content of pasture land caused "falling disease" of cattle 
and other diseases which were easily controlled by giving 
copper. In other regions where the copper content of 
pasture was adequate, diseases occurred which, strangely 
enough, were associated with low blood copper and which 
could be cured by administering small amounts of copper 
salts. The problem had been the object of much research 
in the United Kingdom. 

It was interesting to consider that question together 
with the effects of molybdenum. Pasture overlying cer
tain geological formations had a high molybdenum con
tent and caused intestinal diseases in cattle which could 
be cured by giving copper sulphate. The physiological 
mechanism involved in these events is not yet under
stood. Dr. Green considered the intestinal disorders to be 
due directly to excess of molybdenum, but some confusion 
had arisen from the fact that the disease was sometimes, 
lmt not always, accompanied by low blood copper and 
that wasting diseases, with low blood copper, occurred 
where there was no excess of molybdenum. The com
plexities had not yet been definitely resolved. 

Fluorosis as it occurs in the United Kingdom, induced 
by the fumes emitted from factories (aluminium works, 
brick kilns and steel mills) is an important hazard to 
locally grazing animals, though it is not there a "natural" 
nutrition problem. 

The CHAIRMAX called for di!::cussion of the two papers. 

Mr. G. H. HART referring to the question of the effects 
of molybdenum, noted that the discovery had been made 
in California that the harmful effects of molybdenum 
could be counteracted by copper treatment provided the 
molybdenum content of dry matter did not exceed 100 
parts per million. 

Mr. HAMMOND remarked that since the war many 
European soils, which previously had been considered 
satisfactory, had been discovered to be deficient in trace 
elements; the reason for that was easy to explain; before 
the war a great part of the fodder had been imported, 
whereas during the war the animals had had to rely ex
clusively on local resources; it was at that time that the 
soil deficiencies had been discovered. 

Miss LEITCH supported Dr. Hammond's remarks; in the 
United Kingdom, she added, marginal land which had 
gone out of cultivation and had been brought under cul
tivation again during the war and used for pasture, had 
been found to be poor in trace elements; she cited, in par
ticular, the case of certain fields in Aberdeenshire which, 
after having undergone such changes, had been found to 
be poor in copper. 

The CHAIRMAN stated that deficiency of trace elements 
in the soil had also been found in tropical regions. Thus, 
for instance, in humid tropical zones there were natural 
pastures which bordered on forests; since the climatic 
conditions were favourable, it was believed that the forest 
would have encroached on the natural pastureland had 
not the soil been deficient in minerals which were essential 
for the growth of trees. 

Under present conditions, however, it was essentially 
the deficient nutritive value of the fodder which impeded 
improvement and development of livestock raising in 
under-developed countries, in particular in the tropical 
regions. The livestock should be provided with a balanced 
feed ration; in order to do that, such work as improvement 
of pastureland, choice of the most appropriate varieties of 
plants for local conditions, and seeding should be carried 
out, account being taken of the particular requirements of 
extensive livestock raising which predominated in many 
under-developed countries. Much remained to be done in 
that field. In order to understand the urgency of the task 
it must be realized that 60 per cent of the livestock in the 
world was raised in the under-developed areas of the 
tropics. 

Mr. MoRRISON agreed with Mr. MAYXARD that cases of 
disease due to calcium deficiency were rare. Indeed, such 
diseases were almost non-existent among animals which 
grazed in pastures or were fed with hay, as grass and 
especially all legumes are rich in calcium. The diseases 
occurred more frequently among pigs and poultry since 
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they were fed with grain which was poor in calcium. That 
was also true of fattening cattle fed a liberal amount of 
grain and but little hay or other roughage. 

The CHAIRMAN stated that the exchange of views had 
been of great importance and interest. 

In closing, he drew attention to a paper on "The Feed
ing of Livestock and its Relation to Crop-Raising Prac
tice", which had been submitted by the Argentine Minis
try of Agriculture too late for reproduction prior to the 
meeting but which would be reproduced in the final 
Proceedings. 
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Prevention of Introduction, and Control of Spread 

of Infectious Diseases in Great Britain 

A. W. STABLEFORTH 

ABSTRACT 

Infectious diseases amongst animals cause great loss in most countries and wider use of proved preventive or 
curative measures would quickly and amply repay costs. 

The measures taken to prevent the introduction of infectious diseases into Great Britain and to control spread 
within are outlined. 

Brucellosis. Figures are given to show the losses caused before vaccination was generally adopted, the results of 
the use of Strain 19 vaccine subcutaneously and the likelihood that similar results would be obtained with a much smaller 
dose intradermally. 

Bovine Mastitis. Figures are given to show the losses before modern treatment became general and the results of 
various methods of treatment. Estimates are also given of the returns which might be expected from penicillin treatment 
of all obvious cases, of all infected animals, or of whole herds. A new quick and simple method of testing milk samples, 
and a single dose tube which reduces enormously risk of transfer of tuberculosis when penicillin injections are made, are 
described. 

Tuberculosis. The measures adopted to eradicate this disease and protect the milk consumer are outlined. The 
Attested Herd Scheme for eradication in Great Britain now includes nearly one and a half million cattle. Details are 
given of the single intradermal comparative test made, with avain and mammalian tuberculins, to distinghuish bovine 
infection from nonspecific reactions. 

Short notes are included to show the value of artificial insemination in trichomoniasis, the high and regular value of 
swine fever crystal violet vaccine if made from uncontaminated blood from pigs injected with highly antigenic virus, and, 
finally, certain aspects of Newcastle disease, lymphomatosis and the rapid or slide test for Pullorum disease. 

GENERAL MEASURES 

The first defence against the introduction of infectious 
diseases into Great Britain consists of Orders under which 
the import of live animals or birds is prohibited, except 
from certain scheduled countries or areas and by way of a 
specified wharf and quarantine station; and in the case of 
birds for breeding purposes only. The source and nature 
of imported uncooked meat or meat offal is also regulated, 
whilst swill has by law to be boiled before feeding to stock, 
and meat wrappers and crates, hay, straw or other packing 
materials have to be dealt with in specified ways. Spread 
within Great Britain is provided for by Orders under 

for a specified period. In other cases, e.g., anthrax, only 
the infected carcase is destroyed and the premises are re
opened within a few days if no further case occurs, or, e.g., 
in swine fever, no animals need be destroyed but the "in
fected place" is kept closed except to movement under 
licence, until danger of spread has passed. Animal dis
ease statistics are collated centrally and distributed week
ly or when desirable, e.g., in outbreaks of foot and mouth 
disease, daily. Regulations are workable and effective. 
For regulations re tuberculosis see later. 

BOVINE CONTAGIOUS ABORTION (BRUCELLOSIS) 

which a number of diseases are scheduled and an owner A survey made in Great Britain before vaccination be
who suspects any one of them is required to report it to came national policy (Lovell and Hill 1940) showed that 
the police. The Orders also provide for the immediate of over 30,000 bovine pregnancies, 9. 7 per cent ended in 
service of a notice closing the premises concerned to all abortion or a dead calf. Collateral data show that Brucella 
movement on or off, except under specific licence. In the infection is the main cause of abortion and that this is 
case of foot and mouth disease (and, if they should be im- associated with a 33 per cent average loss of milk yield 
ported, the same would apply to cattle plague and pleuro- (Smith 1934 and others). The incidence of infection at 
pneumonia and certain other diseases) movement is also that time was about 30 per cent. 
prohibited protem. and successively within a radius of 15 Experiments (Edwards et al. 1946 and others, un-
and later 5 miles. published) have shown that by subcutaneous inoculation 

The diseases covered by these regulations include those with the American attenuated Strain 19 (80,000 million 
which have been eradicated and remained absent for living organisms) 80 to 90 per cent of heifers are protected 
many years viz. cattle plague, pleuropneumonia, glanders, against an experimental exposure which causes 90 per cent 
€pizootic lymphangitis, sheep pox and rabies; those which unvaccinated controls to abort. Experience has shown 
gain entry from time to time viz. foot and mouth disease that the vaccine is protecting equally well against natural 
and fowl pest (fowl plague and Newcastle disease), and exposure. The agglutination reactions which occur as a 
certain others viz. swine fever, anthrax and sheep scab. The result of vaccination are not regarded of importance, ex
Orders also provide for cleansing and disinfection of pre- cept in the pedigree herds from which it is intended to sell 
mises and, in the case of the more infectious diseases (e.g., agglutination negative cattle or where an eradication pro
foot and mouth), slaughter of affected and incontact ani- gramme is being run concurrently. In these cases, vacci
mals and the method of disposal, and prohibit restocking nation is confined to four-eight months of age, with the 
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result that animals are usually negative within a year and 
nearly always by the time of first calving. The duration of 
mmunity is not known but appears generally adequate 

for several pregnancies. 
The total costs of vaccination per cow are less than that 

of one gallon of milk. The return is estimated at more than 
ten gallons of milk on the average plus the saving of calves 
and of subsequent infertility. In a country where milk 
yields are lower, cattle worth less or the expected abortion 
rate in unvaccinated animals lower, the return would be 
less, and vice versa. 

In unpublished experiments, intradermal vaccination 
with one twenty-fifth of the dose at present used sub
cutaneously protected equally well. (All these experi
ments were made at the A.R.C. Field Station, Compton.) 

Killed vaccines in lanoline-paraffin vehicles have given 
good results (Gilbert 1943, Stableforth 194 7) but although 
they withstand heat, storage and probably transport 
better than the living Strain 19 vaccine, they are more 
costly and of lower value. Attempts to immunize cattle 
with fraction vaccines have been unsuccessful (Paterson 
and Pirie 1948). 

Control of the disease by segregation or removal of 
reactors to the agglutination test has in the past proved 
successful as in other countries, but is regarded as hazard
ous unless area eradication is undertaken, and would be 
dangerous in countries where standards and knowledge of 
hygiene are low. 

BOVINE MASTITIS 

Data obtained before modern treatment became avail
able in several countries where dairying is intensive have 
shown that some 3 to 4 per cent of dairy animals are 
culled annually because of mastitis, that at any given 
time about 10 per cent have some obvious abnormality of 
milk or udder, that 20 to 40 per cent of animals are in
fected with one or other of the recognized mastitis bac
teria, the majority with Str. agalactiae, and that cows in
fected with this organism on the average give about 12 
per cent less milk than healthy cows. Much of this has 
now been overcome in Great Britain and several other 
countries by treatment of the more obvious cases and if 
supplies of drugs, in particular penicillin, were available 
and used in a similar way, large increases of milk yield 
could be expected in other countries with similar problems. 

Two or three injections of penicillin into the udder at 
daily intervals remove symptoms in a high proportion of 
cases and sterilize 70 per cent of the common streptococ
cus infections. The cost of three doses of 20,000 units in 
oil wax in single dose tubes is, at British costs, less than 
that of a gallon of milk. Costs of injection vary in and 
between countries according to whether the first or all in
jections are made by a veterinary surgeon. The return 
also varies, according to the milk yield of the cow, stage of 
lactation at which affected, severity of attack and period 
of subsequent freedom, from 10 to 100 gallons of milk but 
might be expected to average 20 to 25 gallons where the 
average yield is 500 gallons per year. 

Increase of the dose of pencillin gives higher efficiency 
especially against staphylococcus and two of the less com
mon streptococcus infections but, if supplies were limited 
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a better return would be obtained with 20,000 unit doses 
than with larger ones. 

Penicillin in oil wax in single dose tubes, is now general
ly used in Great Britain and is advocated because, unless 
proper sterilization of injection apparatus can be ensured, 
there is a real danger of tuberculosis being spread from 
udder to udder, or herd to herd, with more serious effect 
on young consumers than lack of milk. Penicillin thus put 
up also keeps well. Penicillin bougies have some of the 
same advantages. 

The above measures do not prevent some recrudescen
cies in treated animals, the development of latent infec
tions or spread, and seldom eradicate any form of mastitis. 

For eradication of Str. agalactiae and better control of 
most other forms it is necessary to treat all infected ani
mals or the whole herd. The first needs extensive facilities 
for examination of milk samples, the second has great ad
vantages in a highly infected herd but gives a poor return 
in others and means large demands for penicillin. By ex
tended treatment of all quarters of all infected cows in 
herds with a small number of infected cows, or of all cows 
in highly infected herds, coupled with disinfection of cows, 
premises and equipment and use of penicillin cream on 
udders and hands during treatment, Str. agalactiae can be 
eradicated from 50 per cent of herds at once. In others, 
one or two cows or a small number have to be retreated. 
In some herds difficulty is met, the main reason being old 
incurable cases or the persistence of infection on the out
side of udder, especially in sores. Results from sixty herds 
in which various courses of treatment have been compared 
have shown that five daily injections of 20,000, 50,000 or 
100,000 units penicillin in oil wax per quarter, or three 
injections of 100,000 units at forty-eight-hour intervals 
have sterilized 90 to 95 per cent Str. agalactiae infections, 
the two 100,000 unit methods being slightly superior. A 
single dose of sulphone or one or two of penicillin given 
during the dry period also sterilizes about 90 per cent of 
infection but confinement of treatment to this time has 
the disadvantage that cows are returned to an infected en
vironment; and treated cows are no less susceptible tore
infection than others, possibly the reverse. 

For testing, both direct and enrichment methods have 
been used. The results above include the latter, but 
whilst enrichment methods are the most searching tests 
to establish final eradication, they only detect new infec
tions a day or two before direct tests and their use may 
in some herds result in many cows being labelled as in
fected, when streptococci have got into the sample from 
infection on the outside of the teat. 

A method has recently been developed in which samples 
are taken directly into jars of dry selective culture medi
um with the result that one veterinary surgeon and two 
laboratory assistants can handle 3,000 cow samples per 
week at an overall cost of 6d. per cow and by means of 
which results are much less often or seriously interfered 
with by the growth of contaminants in transit from farm 
to laboratory. 

Herd treatment, whether it eradicates Str. agalactiae at 
once or not, has almost always been followed by dis
appearance of Str. agalactiae mastitis for a long period and 
the occurrence of a greater amount of other mastitis has 
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not been our experience; in fact, all mastitis in milking 
cows has been reduced to a very low level with correspond
ing increases in milk yield per cow. 

The return from treatment of all infected cows, with 
abnormality or not, may be expected to be from seven to 
ten times the cost in penicillin; that from treatment of all 
cows, whether infected or not, three times the penicillin 
costs if 30 per cent are infected, and proportionately 
greater for higher infection rates. Costs of injection would 
vary according to the cost of professional services and the 
extent to which they could be, needed to be and were used. 
These estimates are based on the figures given earlier. The 
actual returns in many treated herds are greater but 
analyses of a large number of herds over several years 
must be awaited. 

No new treatment of value has been found for the 
Summer Mastitis which occurs in heifers and dry cows in 
July, August and September and none is anticipated be
cause irreparable damage is usually done before the case is 
seen. No preventive method is yet proven, though re
peated penicillin injections during the dry period, which 
would be costly because all animals at risk would have to 
be treated to cover an average 5 to 10 per cent risk, holds 
some promise. C. pyogenes toxoid has proved of little 
value as a preventive. 

Transmission experiments have shown that, whilst 
most old cows can be infected quickly by dipping the 
hand in Str. agalactiae secretion and then milking, young 
cows are relatively resistant and heifers may resist such 
milking twice daily for fifteen weeks. Further, by steril
izing these infections with penicillin and then injecting all 
quarters, a strong indication has been obtained that resist
ance lies beyond the teat barrier. 

TUBERCULOSIS 

Measures for the control of tuberculosis and protection 
of milk consumers comprise: an Order under which "open" 
cases of tuberculosis are slaughtered with compensation; 
an Order providing for a premium (ltd. per gallon) for 
milk from Accredited Herds, i.e., those kept and milked to 
an approved standard of hygiene and clinically examined 
by a veterinary surgeon; another Order providing for a 
larger premium (4d. per gallon) for T.T. milk, i.e., milk 
from herds in which all cows are also tuberculin tested and 

whilst others are under test as potential applicants for 
attestation. 

The method of testing in Great Britain now is a single 
intradermal comparative test in which solutions of puri
fied protein derivations (P.P.D.) of human and avian 
tuberculin, standardized chemically and biologically, are 
injected into the skin of the neck, at sites of corresponding 
sensitivity, and the results interpreted by the degree and 
comparative degree of swelling at seventy-two hours after 
injection. The dose is constant at 0.1 ml. and at present 
the concentrations of P.P.D. are 3.0 mg. per ml. and 0.8 
mg. per ml. for human and avian tuberculin respectively. 
The comparative test has proved essential because in 
many herds reactions are met which are not caused by 
bovine tubercle but avian strains, M. johnei or the s~
called "skin tuberculosis". Constant search is made to 
improve the specificity of the tuberculins by alterations of 
relative dosage and by chemical and other means. A 
method has been recently devised for obtaining from a 
bovine strain yields of the same order as those from the 
human strains. It is hoped that the greater specificity 
shown by this in sensitized guinea pigs may be reflected in 
cattle tests. 

Another method of test also holds promise. In this, the 
"Stormont test", tuberculin P.P.D. is injected intrader
mally and a further injection made at the same site on the 
seventh day, results being read twenty-four hours later. 

JOH~E'S DISEASE 

Recent work has emphasized the susceptibility of the 
young animal and the value of preventing exposure via 
milk contaminated with infected faeces or in other ways 
during early life. Tests of a vaccine containing M. johnei 
in oily vehicle are giving encouraging results though the 
lump at the site of vaccination is a drawback. 

BOVINE TRICHOMO~IASIS 

Artificial insemination has proved of the greatest value 
in the control of Bovine Trichomoniasis and should prove 
equally useful in the control of other venereal diseases. 

SWINE FEVER 

Experiments have shown that crystal violet vaccine of 
reactors removed at once and the milk passes prescribed high potency against severe artificial or contact exposure 
bacteriological tests; and the Attested Herd Scheme under can be uniformly prepared, provided the virus used is of 
which an owner, all of whose animals have recently passed high antigenicity and that the virus blood is obtained un
two tests within not less than sixty days and not more contaminated. Virus blood is collected six days after 
than twelve months and who undertakes not to move ani- inoculation and to each 800 cub. em. defibrinated blood is 
mals on or off without permit and to observe certain other added 200 cub. em. of a. 1: 400 solution of crystal violet in 
conditions, applies for an official test. If his herd is found ethylene glycol, the mixture being incubated at 37 degrees 
free, it is registered as an attested herd. There is also a C. for fourteen days. Of eight virulent strains, only two 
recent Act not yet in operation, which confers powers for were of high and two of moderate antigenicity. Weaned 
local enforcement of pasteurization of all milk for human and unweaned pigs, the progeny of crystal violet vaccine 
consumption, except that from tubercle free herds. sows or not (but not of virus immunized sows), can be im-

The Attested Herd Scheme began in 1935. By 1940 it munized. Protectionisfullydevelopedattwelvedaysand 
covered just over half a million cattle. Few herds were lasts at least twelve months. Vaccine has been stored for 
then added until 1944 when progress was resumed. At 248 days at 55 degrees F. and 31 years at 34 degrees F. 
30 November 1948, there were in Great Britain, 37,849 without appreciable loss of potency. Most brews have 
Attested herds containing 1,418,580 cattle. A further protected at 1 to 3 cub. em. but the dose recommended is 
5,000 herds are tested regularly as producers of T.T. milk 5 cub. em. for pigs up to 70 lb. and 10 cub. em. for others. 
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POULTRY DISEASES 

Newcastle disease reappeared in Great Britain in 194 7, 
thirteen days after the f1rst large scale importation of 
tahle poultry, plucked but uneviscerated, since before the 
Second World War. It spread rapidly, most outbreaks 
being in swill fed birds or originating in traffic in subse
quent live birds. The haemagglutination test proved in
valuable for confirming diagnosis, especially in the mild 
form, often met. By late 1948, new outbreaks had been 
Teduced to a low level, the main factors probably being 
slaughter and closure of premises and a widespread stand
still order on movement. During 1948, evidence of import 
was again obtained, virus being isolated from the skins of 
{~viscerated fowls. 

Lymphomatosis: Following demonstration that suscept
ibility was greatest in the chick, the recommendation 
is made that incubator chicks should be kept away from 
older birds for a period of at least six weeks. 

The Rapid Test for Bact. p-ullormn made on the farm has 
largely replaced the tube test because of its equal relia
bility and much greater convenience to the breeder. Lay 
testers are used under veterinary supervision. 
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ABSTRACT 

This report concerns the Indo-Pakistan subcontinent and deals with the livestock diseases and pests responsible 
for wholesale losses, of which many are preventable. Reference is made to (a) specific diseases, (b) disease conditions 
more directly related to unfavourable environment, (c) counter-measures and (d) animal health organization. Under (a) 
rinderpest, foot-and-mouth disease, sheep-pox, goat pneumonia, Newcastle disease of fowls, and anthrax are considered 
responsible for the heavtest losses. Under (b), bovine pasteurellosis, helminthic diseases, diseases due to acto-parasites, 
mortality in young animals, disorders resulting from adverse climate (rain, excessive heat) and mismanagement are 
considered. Under (c) measures to reduce losses. These include as short-term projects a countrywide campaign against 
rinderpest by immunization and quarantine, systematic work on vaccination against anthrax in infected areas, on drug 
treatment of liver fluke disease in cattle, on skin dressing for warble infestation, and in other disease conditions a greatly 
extended use of standardized biological agents. Finally, under (d) as long-term projects are treated the training of 
professional and lay staff, their proper utilization in preventive medicine, and research on the many applied problems 
which concern animal husbandry development. Some difficulties seriously hampering progress in an undeveloped terri
tory are mentioned. The question of manpower is outstanding, while the need for an adequate state animal health 
organization is emphasized. 

The experience report concerns the Indo-Pakistan sub
<:ontinent. It is based on a stay of nearly ten years, 
during which time most of the important areas have been 
visited, often more than once, and disease problems have 

been discussed with many people. The report seeks to lay 
emphasis on those livestock diseases and pests which 
cause large-scale destruction of animal populations or 
result in wholesale wastage in agricultural production. 
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Much of this loss is theoretically preventable and given 
proper facilities could be considerably reduced. As a base 
line, it may be noted that the subcontinent holds one
fourth of the world's cattle and three-fifths of its water 
buffaloes. The total annual loss due to contagious diseases 
is estimated at over Rupees 3 crores or 2! million pounds 
sterling (4) 1• 

Sections of this report deal with (a) certain specific 
diseases, (b) losses more directly concerned with unfavour
able environment and mismanagement, (c) counter
measures, and (d) animal health organization. The divi
sion as between (a) and (b) is made almost solely for pur
poses of description, while the items mentioned are by no 
means exhaustive. Limitation of space compels much 
condensation. 

SPECIFIC DISEASES 

Rinderpest 

Rinderpest is commonly said to be the greatest single 
cause of cattle mortality in the subcontinent, and any 
doubt as to the accuracy of this statement in no way 
lessens the importance of this disease. Uncontrolled 
movement of cattle to and from markets and for grazing 
is recognized as the chief means of spread (17). 

F oot-and-moutk disease 

A person whose experience of this disease is confined to 
temperate climates can scarcely appreciate to the full the 
devastating losses caused by it in this area. Points re
quiring special mention are its extremely wide prevalence, 
its tendency to occur at inopportune moments, e.g., in the 
Punjab about May-June at the time when the cattle are 
required for threshing, and its frequently serious sequelae. 
Among the latter may be mentioned myiasis of the foot 
with consequent slow healing and often sloughing of the 
hoof, and the condition known as "panting", a permanent 
derangement of the heat-regulatory system (9, 10, 11). 
Panting is especially common in imported European and 
their cross-bred stock on the military farms. Again on 
these same farms, the foot lesions in a heavy bull may be 
so severe and enduring that the animal is incapable of 
serving, with the result that breeding stops and the whole 
routine is upset. 

Sheep-pox,· Infectious pnet"monia of goats; Ranikhet (New
castle) disease of fowls 

These three virus diseases are major causes of wastage. 
Sheep-pox may cover more than one condition and the 
same is true of goat pneumonia. That form of pneumonia, 
however, which is due to a pleuro-pneumonia type of 
organism can cause great havoc among goats that are 
herded, as during the war. Ranikhet disease has been the 
greatest single cause in limiting poultry production in the 
subcontinent. 

Anthrax 

Anthrax is widespread in hot moist areas like Malabar, 
Madras, Orissa and Bengal because the atmospheric con
ditions there are highly favourable for sporulation of the 
organism. Such areas constitute permanently infected 
foci, from which the disease is carried to temperate coun
tries through infected skins, etc. 

1 Numbers within parentheses refer to items in the bibliography. 

WASTAGE MORE OR LESS DIRECTLY CAUSED BY 

UNFAVOURABLE ENVIRO:XME:-.i'T AND 1\IISJ\IANAGE:IIENT 

Bovine pasteurellosis (haemorrhagic septicaemia) 
See below "Climatic effects". 

Helminthic diseases 

Huge losses are caused by nematode worms, echinococ
cus, amphistomes, and schistosomes. One of the most 
urgent problems is fascioliasis, particularly in areas of 
heavy rainfall, and areas subject to water-logging. The 
extension of canal irrigation has unfortunately increased 
the infested areas, just as it has increased the incidence of 
other diseases like malaria. 

Diseases due to ecto-parasites 

Flies, ticks, lice and acari are responsible for heavy loss 
as they are possible carriers of disease and also inflict 
much direct damage to hides. The injury to cattle hides 
and goat skins by the warble fly for instance, apart from 
other effects, is enormous in areas sufficiently dry to 
permit pupation of the larva in the soil. These areas are 
extensive and lie mainly in West Pakistan. To give 
examples; the loss in revenue to the North-west Frontier 
Province alone has been estimated as nearly Rupees 5 
Lakhs (£37 ,500) annually owing to damaged skins (2) in 
the subcontinent, the depreciation in value is estimated at 
Rs. It crore (15). 

Iv1 ortality in very young animals 

It is customary and convenient to consider this as an 
item of wastage demanding separate study. Indo-Paki
stan is a region where such losses are liable to be particu
larly heavy, though there has been little concrete in
vestigation. Some data regarding losses in young calves 
on two military farms in the south and north of the coun
try have been analysed (7). The problem of mortality in 
sheep and goats on organized farms has been studied by 
me and the results are in the press. }!ortality was unduly 
high in animals below one year old. 

Climatic effects 

The livestock industry in this subcontinent is very 
much at the mercy of the weather. Thus failure, deficiency 
or irregular distribution of rain often means serious dimi
nution in the food supply. Rain in excess may lead to 
flooding and among other things restriction of grazing 
which may indirectly affect the suckling. Chilling (lower
ing of body temperature) due to wetting of the body sur
face by rain must sometimes cause disturbance to health, 
especially in young animals. In this way is explained 
clinical attacks of pasteurellosis among animals which 
besides being carriers of pasteurella are often improperly 
fed. Certain animals also suffer severelv from the effects 
of high air temperatures, especially perhaps when there is 
high humidity. The evil effects on animals, e.g., horses, of 
the excessively hot dry wind, known as the "Loo" on the 
plains of North India are recognized. 

11,;[ anagement 

One example illustrating the importance of management 
is that concerned with the yoking of work bullocks (16). 
It has been pointed out that quite apart from the pro-
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duction of skin wounds a relatively small improvement in 
the type of yoke would very considerably increase the 
work power of the available bullocks. 

COU:'JTER-:\IEASURES 

There is little doubt that a properly organized eradication 
plan based on wholesale immunization and quarantine 
measures is practicable and would succeed with rinder
pest. In the Central Provinces a plan of this kind was en
forced in 1934, leading to a great reduction in the disease 
during the following seven to eight years (4). The saving 
that could be affected by a country-wide plan would be 
enormous. There was a proposal in India several years 
ago that staff should be appointed to investigate the 
problem and prepare a detailed scheme. Some infor
mation is already available as to where immune belts 
l'>hould be created (17). With foot-and-mouth disease, apart 
from management and treatment of the sick, periodic 
vaccination of improved stock, e.g., on government farms, 
by means of alumina gel vaccine would be of very great 
service. This vaccine could be transported most economi
cally and without difficulty by air from Europe. 

Vaccination against sheep-pox and Ranikhet disease 
should be widely extended, in fact \Vith the latter it is 
essential to the progress of the poultry industry. Vacci
nation (attenuated cultures) for goat pneumonia is yet to 
be subjected to adequate field trial. To limit the ravages 
of avian leucosis, importation of improved stock into re
latively clean areas (e.g., Pakistan) should be subject to 
careful enquiry. For anthrax, extensive and organized 
vaccination (avirulent spore vaccine) should be under
taken yearly in known infected areas before the rains 
break. The enquiry referred to above regarding sheep and 
goat mortality revealed the extreme importance of hel
minthic disease both in young stock and adults. Attempts 
to eliminate liver fluke disease would probably be too 
costly. On the other hand, systematic large-scale treat
ment at regular intervals with hexachlorethane would not 
only benefit the host but should also reduce the incidence 
of the parasite on the land. For the warble fly, experience 
shows that derris-wash treatment at proper season would 
considerably reduce the pest, a paying proposition in view 
of the value of the hides and skins industrv. The matter is 
mainly one of staff and organization. · 

Reduction in the mortality rate of young animals ne
cessitates careful enquiry into the climatic and nutritional 
environment and the general management of adult and 
young stock. 

To counteract adverse climatic influences, relatively 
simple measures may such as provision of screens 
or overhead shelters, especially at night and with young 
stock. Sheltering in wet weather and the avoiding of 
chills are particularly necessary with young buffaloes to 
reduce the risk of clinical pasteurellosis. Against this risk 
the present vaccine is unreliable. Poultry should have 
enough shade and during the hot dry season underground 
refuges may be dug for them. Abundant water and some 
shade must of course always be at the disposal of animals 
during the hot season. Buffaloes must have their daily 
bath, othenvise production suffers (14). If possible, breed
ing seasons should be so arranged that the young are born 
at a time when the climate is likely to be favourable and 

MINETT 

at a time when fresh grazing is available to promote the 
milk flow. Shearing of sheep should be postponed if the 
weather is cold and windy. 

THE A:'JIMAL HEALTH ORGANIZATIO:'J 

It must be appreciated how little we really know of ani
mal disease in this subcontinent and how ill-equipped we 
are for increasing agricultural production through the 
suppression of disease. The difficulties are tremendous 
(5, 6) due to such factors as the multiplicity of small 
owners, their malnutrition and ill-health, the bad sanita
tion, mass ignorance, their prejudice and mediaeval out
look, apathy partly resulting from a climate often not con
ducive to mental or physical activity. Such factors have 
caused distressing poverty. The enormous shortage of 
cattle food (13), an undeveloped legislation and the ex
tensive and indiscriminate movements of animals have 
contributed to this state of affairs. Prompt and efficient 
reporting of disease outbreaks under present conditions is 
impossible, hence there is much difficulty and delay in 
exercising control. The task of an animal health organi
zation called upon to operate under such circumstances is 
certainly hard. 

At the background of all the possible endeavour out
lined above lies the question of technical manpower and 
the system of disease control. The staffs are far too small 
(1) and the quality and training of the men are often un
satisfactory. The first thing to be realized by Govern
ments is that the pay scales must be adequate to attract 
men with a good basic education. Such men must then be 
given training on improved and up-to-date lines by compe
tent teachers, not only in the more technical subjects but 
also in extension work so that they are fully trained to 
fulfil their mission in life, which is to advise and assist the 
farmer in raising healthy and productive livestock. In
cidental matters are the affiliation of professional schools 
to universities, facilities for post-graduate instruction and 
overseas study, uniformity of training, proper selection of 
men for key positions. It is also necessary to arrange for 
the production of standardized biological products and 
their intelligent utilization, and for the furtherance of 
research. A vast improvement in the organization of the 
veterinary services is required, in particular through the 
use of motorized units for disease control (12). 

If the colossal wastage of animal life and resources is to 
be stemmed, it is essential that Government should take a 
much more realistic view of the livestock situation. Unless 
some of the attention now paid to providing human beings 
with food is diverted to the feeding, improvement and 
protection of livestock, conditions cannot sensibly im
prove. 

To conclude, one may divide future plans into the 
customary short-term and long-term. Short-term plans 
might include campaigns against rinderpest, anthrax, 
liver fluke and warble fly infestation, vaccination against 
foot-and-mouth the multiplication of depots for 
producing Ranikhet disease vaccine, the extended use of 
vaccines and sera of proved value. For implementing these 
plans some technical staff would probably have to be 
imported. Long-term plans will include the proper train
ing of professional and lay staff in sufficient numbers, 
their utilization to the best advantage, the gathering of 
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more accurate data as to the incidence and distribution of 
diseases of economic importance, and research into the 
causation of disease conditions of which the aetiology is 
unknown or obscure. 
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Conservation of Livestock Resources by Control of Disease 

GEORGE H. HART 

ABSTRACT 

Animal life is the only means of harvesting natural vegetation on non-arable lands. Their place in human welfare 
has been clearly demonstrated. Disease control includes both natural hereditary resistance and infected environs in 
transmission. The former has to do with developing animal for country and the latter in obtaining immunity through 
biological procedures. 

Animal disease control, like public health, is an index of the enlightenment of a people, an example being the 
repeated eradication of foot-and-mouth disease from the United States and the British Isles. 

A public health problem is involved in animal life being reservoirs of.infection in some seventy-five human diseases. 

Discussion is presented of new biological procedures in the control of rinderpest and anaplasmosis of cattle as 
examples of many problems. 

Disease control is a primary necessity before financing and production problems of breeding and nutrition can be 
undertaken. Even with know-how developed it must be carefully weighed in each country for field application. 

Knowledge of disease existence and development of preventive measures pave the way for international trade, 
improved germ plasm and human stimulation to develop better environment. 

INTRODUCTION 

Advances in knowledge have brought into prominence 
the protective value of animal food products in human 
nutrition and health. Large areas of the earth's surface 
are not arable. The annual wealth produced by natural 
vegetation on such areas can only be harvested through 
the medium of domestic animals and wildlife. 

The dairy cow and the laying hen successfully compete 
in intensive agricultural areas and return great human 
welfare values. Only in over-populated areas where pri
mary crops alone must be grown are they excluded and at 
some sacrifice to human well-being. Thus it seems desir
able and necessary that domestic animal production con
tinue over practically all of the earth's surface. 

total of each animal unit. Control of disease comes under 
both, because of natural inherited resistance of different 
species and strains and infected environs being involved 
in transmission. 

UTILIZATION OF NATURAL RESISTANCE 

This has great possibilities and constitutes developing 
animal for country. High quality germ plasm for high 
quality environment is ideal. Suddenly importing it into 
poor environment is disastrous. On the other hand, failure 
of germ plasm to meet the possibilities of the environment 
is inefficient. Modem land utilization knowledge makes 
possible improvements in the environment. Helping farm 
know-how abroad has great possibilities. Examples of the 

The problem before us under such a premise is how to FAO programme are the farm tractor in Saudi Arabia, in
make production more efficient to meet the ever in- creasing alfalfa production and hybrid com in Italy, 
creasing demand. These fall into the broad classification boosting yields 150 per cent, as pointed out by Strohm of 
of heredity and environment which make up the sum the Country Gentleman farm magazine. 
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Thus a basic premise is to develop animal production 
proficiency through animal well-being. This is to be 
attained by having domestic animals of whatever species 
m tune ·with their environment. 

Extensive data support the premise among which may 
be cited the work of Bisschop (1)1, McMeekan (2), Ham
mond (3), Trowbridge, Moulton and Haigh (4), Watson (5) 
and Guilbert, Hart, Wagnon and Goss (6). 

Thus the British Isles, known as the cradle of the breeds, 
exported Hereford cattle to Argentina and they soon 
equalled or surpassed the quality of the breed in its native 
land. To the contrary, European breeds imported to the 
South African veldt regressed because of multiple en
vironmental limitations. The Afrikaner, the only im
proved native breed, was brought in tune with the en
vironment by supplying a single element, phosphorus, in 
the form of bone meal. The same advantage as to rigours 
of heat and drought apply to the Brahman cattle of India 
and their crossbreds as demonstrated along the southern 
border of the United States. These include lower 
tion and pulse rate compared to English breeds under the 
same conditions. They have ability to graze in apparent 
comfort under temperatures which cause other breeds to 
seek shade and rest. The Bos indicus strains can travel 
farther to water and carry breed resistance to external 
parasites and to certain infections. Less development of 
abdominal viscera give higher dressing percentage. All of 
these characteristics make them advantageous for rigorous 
environs even though they do not develop the carcass 
quality which European breeds are able to do under better 
environment. This was demonstrated by Rhoad and 
Black (7) at the Iberia Livestock Experiment Station 
Farm, Jeanerette, Louisiana, as far back as 1916. 

GENERAL DISEASE PROBLEMS 

The foregoing has to do with animal selection and 
management practices. No amount of veterinary service 
however efficient can take the place of wise counsel in such 
matters. It is so important that it would be well, in many 
cases, to bring expert disinterested advice into councils 
before making decisions on new animal husbandry pro
jects. Management, in its desire to obtain quality from 
pre-conceived breed or species preference, often will not 
fully appreciate the limitations involved, or that they 
apply to so many parts of the world. 

In long distance movements of livestock and their de
velopment in specific areas veterinary service has two 
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fully carried out early because of the losses sustained by a 
paramount industry in those countries at the time. 

Eradication of foot-and-mouth disease by slaughter of 
all infected and exposed animals when infection appears 
from foreign shores as carried out in the United States and 
Great Britain is most successful. This can only be done by 
public support in money, co-operation and a well trained 
technical sta±I as represented by the United States Bureau 
of Animal Industry and state livestock sanitary organi
zations. The latter make possible early detection which is 
so essential to success. Admittedly, a very drastic proce
dure it is, nevertheless, the least expensive. Its failure in 
the present Mexico situation was due mainly to the failure 
of early detection and the absence of necessary enlighten 
ment and consequent co-operation of the people. Many 
countries support slaughter in this disease when deemed 
advantageous by officials. 

In the philosophy of disease control the following 
question is sometimes raised: Is it better to have complete 
absence of a disease liable to be introduced and consequent 
high susceptibility, or continuous existence and relative 
immunity even though necessarily maintained through 
biological procedures such as vaccination? 

In countries where foot-and-mouth disease is endemic, 
vaccination studies have progressed to the point where its 
value has been demonstrated even though much improve
ment is to be desired. Further research in vaccine pro
duction justify public supported investigations by this and 
other countries on a large scale. Mexico at present consti
tutes a mass demonstration on the possibility of vacci
nation and re-vaccination, quarantine measures, early 
diagnosis, slaughter under certain conditions and dis
infection procedures eradicating the disease. 

Aiding less advanced areas in establishing laboratories 
and research organizations to control livestock diseases 
through biologic and antibiotic means would be a con
structive measure. Discussions of workers on special 
problems such as the October 1948 FAO Nairobi Rinder
pest Meeting organized in conjunction with the British 
Colonial Office (8) are to be highly commended. 

This would also develop a better understanding of the 
ever increasing list of human maladies where the reservoir 
of infection is in animal life. The list collected by Meyer 
(9) now covers diseases of domestic and wild 
animals that are of potential public health significance. 

SPECIFIC DISEASES 

distinctive tasks to perform; one, prevent introduction of Rinderpest is a highly fatal devastating disease of 
extraneous maladies and two, control or eradication in ruminating animals endemic in oriental countries, India 
areas where they are endemic. and Africa, but does not exist in the \Yestern Hemisphere. 

The efficiency of animal disease control like public Sudden appearing outbreaks in water buffalo result 
health in human populations is an index of the enlighten- in sufficient mortality to seriously interfere with cul-
ment of a people. Know-how is essential, but enlighten- ture, and thereby human food supply. 
ment of the producers particularly, and the masses in Worthwhile contributions to knowledge in its control 
general are also needed, to make possible enforcement of have rewarded years of investigations. Today very satis
necessary regulations. Notable examples of drastic steps factory artificial immunity through vaccination exists. 
that have been successful in the past might be mentioned. This work was :first brought into prominence by the 
The complete e1adication of sheep scab from New Zealand original phenolized tissue vaccine investigations and early 
and Australia was accomplished at or before the turn of use of fertile hens' eggs to maintain the virus by Boynton 
the present century by drastic measures. It was success- (10) in the Philippine Islands going back to 1913. This 
----- vaccine was improved by Keiser, Youngberg and Topacio 

1 Numbers within parentheses refer to items in the bibliography (11) using chloroform as the inactivating agent in place of 
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phenol in vaccine production. With this and later use of 
dry vaccine rinderpest has been eliminated from the 
Philippine Islands, Gomez (12). 

The War Disease Control Station on Gross Isle P.Q. in 
the lower St. Lawrence River was established in 1942 to 
prepare tissue vaccine and investigate the use of em
bryonated eggs as a substitute for animals in develop
ing an efficient vaccine. Six officers of the United States 
Army Veterinary Corps, one from the Medical Corps of 
the United States Navy, and two Canadian scientists were 
assigned to the project. Sixteen papers on this work were 
published in the April 1946 issue of the American Journal 
of Veterinary Research. Shope et al showed that the virus 
could be successfully cultivated on the developing hen's 
egg, and with Hale et al demonstrated that this attenuated 
virus from embryonating eggs could be used to confer a 
solid and lasting immunity to rinderpest in cattle. The 
Japanese investigators, Nakamura and Fukushok (13, 
14) had previously worked along similar lines with rabbits 
and developed a lapinized virus. 

According to Beach (15), the Japanese lapinized virus 
was in the Japanese built Agricultural Experiment Station 
in Peiping when the Japanese surrendered and the Chinese 
National Research Bureau of Animal Industry, under the 
Directorship of S. C. Cheng, has taken up the work in 
China. It is now being used successfully by Kwong and 
Lee (16) among European dairy breeds, and C. T. Cheng 
(17) is studying the use of both avianized and lapinized 
viruses in the native Chinese yellow cattle in the vicinity 
of Yak in northwest China. 

ANAPLASMOSIS 

Over the world there exists three somewhat related pro
tozoan diseases of cattle. One of these splenetic or Texas 
fever is caused by the Piroplasma bigeminum in the red 
blood cells, the vector for which is the M argarop~ts annu
latus or Texas fever tick. The United States had demon
strated that this disease is completely controlled by the 
eradication of the tick, the life history of which makes this 
possible through dipping infested cattle at regular inter
vals. The presence of Texas fever masks anaplasmosis, 
also caused by a parasite, Anaplasma marginate in the red 
blood cells. In South Africa there also exists a second non
symptom producing anaplasmosis caused by Anaplasma 
centrale. Sir Arnold Theiler in a brilliant study of these 
conditions demonstrated that centrale could be used 
through vaccination procedures to control the ravages of 
marginale when adult animals became infected. All ani
mals develop immunity to these infections, when exposure 
takes place in calfhood, the usual procedure in infected 
territory, but they remain carriers for years. There are 
probably several vectors of the anaplasmoses. Recent 
work by Mohler, Eichhorn and Rogers (18) has demon
strated the ability to recognize marginale carriers through 
complement-fixation test of blood samples using an anti
gen prepared by Mott and Gates (19). 

This combination of circumstances opens the means of 
recognizing marginale infected areas and the possibility of 
immunizing normal animals going into such areas through 
the use of centrale. Such animals would remain carriers of 
both parasites. In South Africa centrale was naturally 
present. \Vould its introduction into new areas result in 

any serious consequences? This could only be ascertained 
by experimentation in some part of the world where 
marginale is causing losses and centrale does not exist, or 
artifically setting up such a situation. 

Prior to Texas fever tick eradication in the United 
States, anaplasmosis was masked by the wide prevalence 
of Texas fever below the quarantine line. Since eradi
cation it has gradually spread over the country and re
sulted in a constant drain on the livestock industry par
ticularly in death of purebred bulls brought into infected 
terri tory past calf hood age. 

GENERAL CONSIDERATIONS 

In the space allotted the above two specific diseases are 
presented merely as examples of the many problems 
involved in control of livestock and poultry diseases. 
Disease control is a primary necessity before essential 
financing, and the production problems in breeding 
and nutrition can be developed. 

Foot-and-mouth disease, if it became endemic in the 
United States, would take an annual toll estimated at 200 
million dollars. Tuberculosis control by the test and 
slaughter method was carried out in this country with no 
serious financial drain to producer, government or the 
public. The financial saving attained will quickly pay for 
the cost beside the immeasurable advantage in human 
welfare through reduction to the vanishing point of bone 
and glandular tuberculosis in children. 

Even when elaborate investigations have developed 
know-how they must be carefully weighed for application 
in each country. It seems justified at present for the coun
tries represented in a world organization of this kind to 
ascertain the most important animal plagues in the re
spective countries. From this a central over-all committee 
could proceed to ascertain possible action programmes. 
This would be worthwhile knowledge and aid in preventing 
spread of infectious agents, without necessarily inhibiting 
completely the traffic in animal life, when the world 
depends so much for its well-being on international trade 
and superior germ plasm for its flocks and herds. Animal 
for country is a very practical axiom but it can often be 
enhanced by foreign blood. Such a conception is also a 
great stimulus to human effort for environmental improve
ment to increase production of better animal products 
when their valuable place in human welfare has been 
demonstrated so clearly. 
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Conservation of Livestock Resources by Control of Disease 

M. CHRISTIANSEN 

ABSTRACT 

Most of the bovine diseases, which in all too many cases inhibit the production and threaten the profitableness of the 
herds, may now be combated with remedies and sanitary measures which, when properly employed, are of high effectivity 
and economically quite serviceable, too. An absolute prerequisite of a satisfactory result from the combating-if possi
ble, complete eradication of the disease-is that the farmers fully realize the importance of the matter and understand 
that it pays for them to carry out the work and defray the expense connected with this work within their own district. 
Furthermore, it is essential that the practical work be planned and directed by a strong organization. In this respect the 
farmers' own associations may be of the greatest value. 

Mention is made of four diseases of great importance to modern animal industry: tuberculosis, infectious abortion, 
foot-and-mouth disease, and infectious mastitis; and examples are given of the measures taken in Denmark against 
these diseases and the results obtained so far. 

The production of some of our most important food 
articles-primarily milk, butter, cheese and meat-de
rived from our cattle herds is highly dependent upon the 
state of health of these herds; and the diseases attacking 
cattle constitute a very important factor in the yield of 
the herds and thus in their profitability as well as in the 
state of health of the population. 

Unfortunately, a number of diseases-including many 
widespread lesions which strongly reduce the yielding ca
pacity-are able to attack the cattle. Effective combating 
of these diseases is therefore a highly important task, eco
nomically as well as hygienically. 

It is by no means the same diseases, however, that play 
the main role in the various countries. As a general rule, 
the more pure-bred and high-yielding cattle races-with 
regard to milk as well as to meat-are considerably 
more susceptible and thus far more liable to diseases im
plying a financial loss than are the more primitive races. 
But the character of bovine diseases may vary greatly 
geographically, too, as, for instance, in the tropics and 
subtropics some diseases prevail which do not occur in the 
temperate zones at all or, at any rate, are of no practical 
significance here. Thus the problems involved in com
bating of diseases may vary widely under the different 
geographic conditions. · 

In speaking of combating of diseases, we primarily have 
in mind the infectious diseases as by far the most impor-

tant ones. This does not mean, however, that no other 
bovine diseases-e.g., nutritional affections and infertility 
of non-infectious origin-in many places too may play a 
not inconsiderable role. 

In the following I shall limit myself to a few of the more 
important infectious diseases-that is, those implying a 
considerable financial loss-and their combating, namely: 
tuberculosis, infectious abortion, foot-and-mouth disease, 
and infectious mastitis, all of which play a very great role 
in large parts of the world because of the financial losses 
they give rise to-not least because they occur especially 
in countries with a highly developed and greatly yielding 
livestock industry, as is the case in Denmark. They also 
illustrate very well that their effective combating requires 
some highly different methods, as each of these diseases 
has to be dealt with in its O\Wl particular way. Further
more, they also illustrate how much may be attained 
through suitable radical measures of combating. 

Here, I think, it will be appropriate at once to empha
size that effective combating of the widespread infectious 
diseases in cattle-and in other domestic animals too-is 
not practicable without active co-operation on the part of 
the farmers. The individual farmer must understand how 
great financial losses may be brought about by these dis
eases and that it pays for him to make economical sacri
fices in order to rid the herds of these diseases or keep 
them from getting infected from the outside. To make the 
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farmers appreciate this, a strong and comprehensive cam
paign must be instituted, and the practical work must be 
organized. As far as possible this should be carried out on 
the basis of voluntary co-operation, e.g., through the 
agricultural organizations. Furthermore, the Govern
ment will then be able to lend its support financially as 
well as through regulations. 

TUBERCULOSIS 

In many countries, especially those with an intensive 
cattle industry, this disea~e has become very widespread, 
and thus it has given rise to very great financial losses 
from a marked reduction in the yielding capacity of many 
of the animals attacked, from depreciation and destruc
tion of the meat and from direct death. On the other hand, 
tuberculous animals may look comparatively healthy 
through a considerable length of time. This fact, as well 
as the usually chronic and insidious course of the disease, 
tends to bring about, however, that the significance of the 
lesion and the ensuing losses often are underestimated by 
the owners. 

Besides the losses due to the bovine tuberculosis in the 
herd itself, mention is to be made also of the loss from 
transmission of the infection to the swine stock, which 
often may amount to a great deal-besides the consider
able danger to man, who is infected especially through the 
milk from tuberculous cows or from staying in infected 
stables (through inhalation). Investigations carried out 
here in Denmark have shown that tuberculosis in man in a 
great percentage of the cases-especially in rural districts 
where bovine tuberculosis prevails-is due to infection 
from cattle. As this form of tuberculosis in man often 
takes a serious and malignant course, considerable hygi
enic importance must be attached to bovine tuberculosis. 

In Denmark as well as in many other countries this 
disease has been widespread among the cattle, somewhat 
differently in the various districts. Up to about 1932, 
when combating of the disease here in Denmark was 
undertaken on a large scale, about 33 per cent of the adult 
heads of cattle killed in the slaughter-houses-and this 
applies to the entire country-were more or less severely 
attacked by tuberculosis. In some districts that were par
ticularly severely attacked, the percentage was as high as 
55 to 60. 

As early as in the nineties Bernhard Bang advanced his 
well-known method for the combating of bovine tubercu
losis. Briefly, the principle of the method was by means 
of the tuberculin test within the infected herds to establish 
which animals are attacked and which ones are healthy. 
The latter are isolated in a~pecial part of the stable under 
conditions aimed to prevent these animals from being ex
posed to infection. In the same part of the stable the 
new-born calves are placed, and care is taken to protect 
them from infection. Every year all the animals in this 
part of the stable are submitted to a tuberculin test in 
order to make sure that they remain healthy, and gradual
ly, as the cows grow up, animals are removed from the in
fected part of the herd. In this way, it is possible gradual
ly to remove all the originally infected animals and get 

animals may be utilized until they can be replaced by 
healthy ones. 

This Bang method has fully proved its practical service
ability. Through a considerable number of years, how
ever, all too few farmers were willing to take part in this 
form of combating of tuberculosis; and the disease had be
come so widespread that it would take a movement com
prising the entire country to realize an eradication of the 
disease. The Government tried in various ways to ani
mate and support the fight against bovine tuberculosis, 
among these by bearing the expense of the tuberculin tests 
and by demanding notification and destruction of animals 
with certain particularly infectious forms of bovine tuber
culosis (especially tuberculosis of the udder and uterus), in 
which cases the public also indemnified the owner for a 
part of his loss. Another and very important regulation 
was the order that all skimmed milk returned by the dairy 
to the farmers for feed must be pasteurized. The com
pliance with this regulation was thoroughly controlled. 

Notwithstanding intensive propaganda and the con
siderable economic advantage which at any rate in the 
long run unquestionably might be obtained by ridding an 
infected herd of tuberculosis, all too many farmers held 
back as long as the work of combating the disease was left 
chiefly to individual initiative. Not until the matter was 
taken up co-operatively did the revolution take place 
which resulted in a national combating of the disease. 

Danish veterinary physicians have always shown great 
interest in this problem, and in this field, too, they have 
been pioneers. In some parts of the country local associ
ations of farmers were formed for the purpose of combat
ing the tuberculosis and mutual support in carrying 
through this work. But not until the Danish co-operative 
dairies became actively interested in this matter and with 
their nation-wide organization took up the task, was it 
possible to enrol the farmers throughout the country to 
such a great extent that the aim-eradication of tubercu
losis among the cattle throughout the country-was 
reached even in very short time. 

This work was commenced about 1932, at a point of 
time, as mentioned above, when one-third of all the adult 
heads killed in slaughter-houses were found to have been 
attacked by tuberculosis. According to a report published 
by the Chief Veterinary Officer this year (1948), of the 
total194,000 cattle herds in the country 99.2 per cent are 
free from bovine tuberculosis. This means that bovine 
tuberculosis now has been reduced to such an extent that 
before long all the herds in Denmark will be free from this 
disease. 

This result needs no comment. It shows what may be 
accomplished when the farmers fully realize the impor
tance of the matter and are willing to carry it through, and 
when the work is organized practically and in close col
laboration with the veterinary physicians, with the re
quired support from the authorities through regulations 
and financial aid. What used to be the worst scourge of 
modern animal industry-and was a menace also to the 
Danish population-is no longer a problem. 

INFECTIOUS ABORTION (BRUCELLOSIS) 

them replaced by healthy animals, and this can be realized Like tuberculosis this disease is particularly frequent in 
at relatively small direct cost, as infected, but still yielding, countries with a highly developed animal industry. Often 
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it also appears as an insidious disease, the transmission of 
which from one herd to another may be difficult to trace. 
l n infected herds it manifests itself in several cows abort
ing calves which usually are not viable. Apart from this 
the infection usually gives no distinctly recognizable dis
case in female animals. 

As the propagation of the disease often is more or less 
obscure it is difficult to ward off, and thus it may gradually 
get a foothold in a great number of herds and persist there 
through a considerable length of time. In modern animal 
industry it gives rise to very great financial losses from the 
abortion of non-viable calves, a considerable reduction in 
the milking yield of the infected cows, as it often is es
tablished at an abnormal juncture, and furthermore the 
abortion is often followed by sterility. Finally, serious 
secondary inflammatory processes in the uterus may 
follow the abortion. It would hardly be possible to give 
any definite figures for these losses but undoubtedly they 
are somewhat similar to the losses due to tuberculosis. 
Thus it is a disease that highly reduces the profitableness 
of animal industry. 

Besides its economical aspects, infectious abortion is 
also of considerable significance to hygiene in general, as 
it is transmissible to man too. In man the infection often 
manifests itself as a protracted febrile disease, the so
called undulant fever-a highly unpleasant disease which 
usually disables the patient for a long time. It is only 
about twenty years ago since the frequency of this infec
tion in man was fully realized, and in the thirties, in Den
mark, 500-650 cases were ascertained yearly. Since then, 
the incidence has been decreasing, and in the last years it 
has been 200-300 a year. The infection is transmitted to 
man especially through working with infected herds, i.e., 
in direct contact with infective cows, and by ingestion of 
raw milk or cream from infected herds. 

For the above reasons, combating of the infectious 
abortion is of very great general importance. As men
tioned, the disease occurs especially in countries with in
tensive animal industry. In many places it has become so 
widespread that, unless effective measures be taken for its 
complete eradication there will always be a danger of its 
presence and further spreading. 

The primary condition for combating of this as well as 
other infectious diseases is that reliable means are avail
able for demonstration of the infected individuals; above 
all, it is important to render these individuals harmless for 
they imply the danger of further spreading of the disease. 
Fortunately, reliable and relatively simple methods have 
been worked out for the demonstration of the disease
and thus the foundation has been made for its effective 
combating. 

The method is based on the fact that in infected animals 
specific antibodies (agglutinins) appear in the blood and 
milk and are demonstrable in the laboratory with employ
ment of a very simple method which constitutes a reliable 
criterion of the animal having been exposed to this in
fection. Thus the diagnosis can be made long before the 
abortion which implies the real danger of further trans
mission of the infection-a point that naturally is of great 
importance. 

These diagnostic tests are made on samples of blood or 
milk. The blood samples are to be taken from every ani-

CHRISTIANSEN 

mal in the herd and are sent to the laboratory where their 
real examination is carried out. As to the milk samples, it 
is most practicable to take them from the milk brought to 
the dairy from the herd, from the can containing the 
pooled milk of 4-5 cows. Also the examination of the milk 
samples takes place in the laboratory, and it is performed 
as the so-called ABR reaction or ring-test. Naturally the 
milk samples are far easier to obtain than are the blood 
samples among other reasons because the milk from several 
cows may make up one sample. Furthermore, the exa
mination of the milk sample in the laboratory is much 
more simple and quick than is the examination of the 
blood sample. In return, examination of the milk samples 
involves the shortcoming that only the cows producing 
milk at that particular time are examined, whereas blood 
sampling makes it possible to examine all the animals in 
the herd at the same time. And on the whole, examination 
of the blood samples may also be said to be more reliable. 
Therefore, blood-sampling is the sovereign method. In 
several respects, however, the far simpler milk sampling 
may constitute a very valuable supplement to the blood 
examination and a very good diagnostic adjuvant. 

Thus it is practicable to ascertain the abortus-infected 
animals in a given herd, and even though the method is 
more circumstantial than the tuberculin test, it is quite 
serviceable-also in combating the disease on a large 
scale, aiming at its total eradication. Work of this kind is 
now going on, indeed, in various countries, including Den
mark, where it was commenced more tentatively in 1937, 
on the island of Bornholm. Of the 3, 700 herds of cattle on 
this island, about 33 per cent were infected with B. abortus 
Bang. Purification of these herds has been progressing 
gradually and now they are practically altogether free 
from the disease. On several small islands the disease has 
now been eradicated completely. 

These very encouraging results made the farmers else
where take an increasing interest in the combating of in
fectious abortion and the interest kept increasing gradual
ly as the herds were free from tuberculosis. Now a national 
systematic combating of the abortion is going on, organ
ized through the co-operative dairy association after 
similar principles as the combating of tuberculosis, regu
lated and supported by a special law of 1948. At this 
writing, nearly 80 per cent of all the herds in the country 
have been examined for this disease. The incidence of the 
disease was found to vary not inconsiderably in the vari
ous districts, from about 10-50 per cent infected herds, 
averaging for the entire country 20-25 per cent infected 
herds, and about 11 per cent of the adult cattle. 

In many dairy districts this work has given good results 
even in relatively short time. For illustration of this, it 
may be mentioned that on the island of Funen, with about 
21,000 cattle herds, the percentage of infected herds has 
been reduced from about 25 to about 10. So there is every 
reason to expect that before long the Danish herds will be 
rid of infectious abortion and that this result may be 
maintained in the future. 

FOOT-AND-MOUTH DISEASE 

In its way of spreading and in its course this disease is 
entirely different from the two preceding diseases. It 
takes an acute course, is exceedingly infectious and is 
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highly variable in its appearance and occurrence. Peri
odically it appears but scantily or not at all, only to as
sume subsequently the character of a violent epizootic 
that may spread over the entire continent. In this century 
Europe has been afflicted by a number of widespread 
epizootics, some of which have reached Denmark too. In 
this country minor outbreaks occurred in 1911-12, 1914-
16, 1920-22 and 1930-33, besides three well-defined large 
epizootics in 1924-25, 1926-27 and 1938-39, respectively. 
A great part of the total 200,000 herds in this country 
were attacked, namely 62,000, 99,000 and 105,000 re
spectively. 

In spite of its merely periodical appearance, this disease 
causes enormous financial losses. Direct death from foot
and-mouth disease does occur but is not of particular 
significance. A far more sinister consequence is the 
decrease in the milk production that takes place not 
only during the acute attack but often persists long after 
recovery from the attack. In addition, various compli
cations very often set in-above all, mastitis, besides the 
foot lesions, abortion, etc. The resulting decrease in milk 
production, especially due to the mastitis, will often turn 
out to be permanent, and hence the losses from this source 
will be particularly great. 

An account has been published that gives in detail a 
calculation of the financial loss from the epizootic in 1924-
25, in which nearly one third of all the herds in the coun
try were attacked. The total loss was computed to be 
about 53 million Danish kroner. 

In the course of time many attempts have been made 
with various measures to protect the animals against this 
dreaded epizootic, especially systematic killing of the herds 
attacked together with extensive isolation of infected 
districts, besides specific protective inoculations (vacci
nation). 

one year. So in order to be sure of keeping the animals 
immune constantly, the vaccination has to be repeated 
every year. 

The first vaccination practised on a fairly large scale 
was carried out under the great epizootic 1938-39 in 
Germany and Denmark, with excellent result. For illus
tration of this it will be appropriate to cite the following 
figures for Denmark: In the period from 16 November 
1938 to 31 December 1940, altogether 71,542 herds were 
vaccinated, and only 0.5 per cent of these herds were 
attacked by foot-and-mouth disease after the immunity 
should have developed fully (14 days after the vaccina
tion); in the same period 55,24 7 non-vaccinated herds 
were attacked by the disease. 

The favourable results have been confirmed in the 
following years when the vaccine was employed extensive
ly in several European countries and in South America. 
There can be no doubt that now, for the first time, we have 
at our disposal a really effective remedy against the dis
ease, and that by rational administration of the vaccine
e.g., international co-operation-it will be possible in fu
ture to avoid the enormous losses previously associated 
with an epizootic. 

INFECTIOUS MASTITIS 

Within modern animal industry the milk production is 
not of least importance, and great efforts are made con
tinuously to improve the yielding capacity of the milch 
cows. Indeed, great results have been obtained already. 
Unfortunately, however, this increased productivity ap
pears to have been gained only at the cost of a decrease in 
the resistance of the mammary glands to inflammatory 
microbes. At any rate it is a fact that just the particularly 
milk-producing herds suffer especially from the trouble
some and frequent mastitis. This term covers a number of 
lesions produced by different bacteria, and differing mutu

The first-mentioned measure (stamping-out method) ally in importance. But, by far the most frequent forms 
has also been employed in Denmark. It is very expensive, of the disease-namely, those produced by streptococci
without being sufficiently reliable. In the beginning of the and also some of the less frequent forms will very often 
epizootic of 1938-39 altogether 615 herds were destroyed, bring about a permanent damage to the gland attacked, 
comprising 14,423 heads (calves included), besides 788 the functional capacity of which will ultimately be lost 
sheep and goats and 10,890 swine appraised at a little over more or less completely. Once inflammation is established 
6.6 million kroner. After this the wholesale destruction in a mammary gland, the secretion will undergo changes 
had to be given up for economical reasons, and only the which most often will render the milk unserviceable for 
quarantine measures were maintained. human food. As most forms of mastitis are of chronic 

Numerous attempts have been made to produce an character, lasting a considerable length of time and often 
effective vaccine against foot-and-mouth disease, though, causing permanent damage to the gland, these lesions 
until recently, without particular success. mean great financial losses to the animal industry. 

In 1936, however, S. Schmidt, a Danish chemist, and In the various herds the number of cows attacked is 
his collaborators showed that when the virus of foot-and- subject to very wide variation, among other things de
mouth disease is adsorbed to aluminium hydroxide it loses pending on the stabling conditions and the cleanliness of 
its disease-producing capacity on inoculation into animals the milker; but often the incidence of the disease is very 
(guinea-pigs and cattle), whereas the inoculated animal high. By far the most cases are due to streptococci (ac
acquires immunity to foot-and-mouth disease. Thus the cording to German statements, these bacteria are found 
problem concerning an effective protection against this in about 85 per cent of the cases). Investigations in Den
disease was solved. mark have shown that on an average 43 per cent of the 

Later this method was modified by 0. ·waldmann, who cows in large herds and about 38 per cent in small herds 
adds a little formalin to the aluminium adsorbate. In this were infected in one or more quarters with mastitic strep
form the vaccine is now being produced on a large scale in tococci. 
a number of countries. Owing to the great numerical preponderance of strep-

The immunity develops in the course of two weeks after tococci in mastitis the combating of the disease must 
the vaccination, and it may be reckoned to last at least naturally be aimed in particular at these microbes; and it 
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is rather circumstantial. Still, a more systematic work in 
this respect has been commenced. In dealing with an 
infected herd the first step is to take samples of milk from 
every quarter of the udder of all the cows. These samples 
are examined in the laboratory by cultivation, and the 
streptococcus colonies thus obtained are studied further. 
On the basis of this result the herd is divided into a 
"streptococcus-free" or normal part and an infected part 
-if necessary, after the stable has been put in a better 
shape. Of the infected cows, the more severely attacked 
are removed or killed, when they are considered perma
nently unprofitable, whereas the other infected cows are 
treated medicamentally. For this very form of mastitis, 
penicillin has proved to be a most valuable remedy, which 
on infusion into the udder is able to cure a great number 
of the cows in which the lesion has not advanced all too 
far. 

Further, it is of the greatest importance to have a 
number of hygienic directions carried out. In particular a 
complete separation of the two parts of the herd has to be 

MINISTRY OF AGRICULTURE, ARGENT IN A 

observed strictly at each milking. The detailed directions 
have to be explained accurately to the farm hands, for 
their appreciation of the directions and their daily care in 
carrying them out will largely be decisive of the result. 

At suitable intervals (2-6 months) the above-mentioned 
bacteriological examination of milk samples from all the 
cows is repeated in order to ascertain any possible new 
infections and have them treated. 

In this way it is practicable to reduce the incidence of 
these forms of ma.'ltitis quite considerably. The method is 
circumstantial, it is true, but when it is organized properly 
it is of great economical significance. 

So far the combating of infectious mastitis has been 
going on only for a relatively short time, and possibly our 
present methods may gradually be improved. In its present 
form, however, it is now being practised to a not incon
siderable extent, among other countries, in Denmark, 
where the farmers in recent years have been taking an in
creasing interest in the matter. 

Measures to Protect the Health of Argentine Cattle 1 

MINISTRY OF AGRICULTURE, ARGENTINE REPUBLIC 

The good health of the various species of animals, and 
especially cattle, sheep and pigs, is a positive factor of very 

importance in the progressive development of Ar
gentine cattle-breeding and in the maintenance of an un
changing standard of quality in food of animal origin. 

The geographical position of the country, the topo
graphical and climatic conditions, and the nature of the 
soil are so many natural advantages that greatly assist the 
efforts of man to preserve this satisfactory state of health, 
without which the cattle industry would lack a solid basis. 

The indexes of death from disease are generally ]ow and 
are constantly becoming lower owing to the protective 
measures adopted by the State to combat the principal 
infectious or parasitic diseases. 

Since the end of the last century, animal health care has 
been constantly improved in the field of veterinary 
science, particularly in its preventive aspects, and from 
the point of view of legislation in the national, provincial 
and municipal fields. 

THE CA:\fPAIGN AGAINST CATTLE DISEASES 

The Animal Health Control Act and general regulations 
constitute one of the main foundations on which the cam
paign against cattle diseases has been based. 

The Animal Health Control Act has been in force in 
Argentina since 28Decemberl902, and subsequent amend
ments have brought it up to date and adapted it to the 
specific needs of the times. 

This Act provides for the protection of cattle from in
vasions of diseases from other countries and for action 
against epidemics within the country. It requires owners 

1 Original text: Spanish. 

of livestock to report contagious diseases and to quaran
tine diseased or suspected animals, and it makes provision 
for the application of quarantine measures by zones and 
for the seizure of animals and the prohibition of move
ment from one place to another. In the case of contagious 
diseases, the authorities may, according to the gravity of 
the circumstances, declare a farm, a district or an entire 
province to be infected, and they may impose quarantines, 
make seizures and prohibit the movement of animals from 
the infected areas, and may even destroy animals and 
objects that might spread infection. 

The declaration of infection required in certain cases 
specifies the area which it concerns and calls for the appli
cation of the following health measures: 

(1) Supervision by the veterinary authorities of the 
movement of persons and animals and the transport of 
objects within the limits of the infected farm, district or 
province, and supervision of communication between 
districts. 

(2) Quarantine, supervision, seizure, treatment, mark
ing and inventory of animals and herds situated within the 
limits of the infected area. 

(3) Complete or partial quarantine of the area declared 
to be infected and prohibition, in the first case, of the 
movement of persons and the transport of articles that 
might, if not disinfected, serve as carriers of infection. 

(4) An absolute or conditional ban on the holding of 
exhibitions or fairs and on the transport and movement of 
cattle. 

(5) Destruction by fire, or disinfection by some other 
means, according to the diseases or objects in question, of 
stables, sheds or barns, vehicles, pens and any object that 
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may have come in contact with diseased or suspected ani
mals or that might serve as a carrier of infection. 

(6) Evacuation of pastures or fields for a certain period, 
disinfection of such pastures or fields by fire, and a tempo
rary ban on the use of natural or artificial drinking places. 

(7) Prohibition of the sale, consumption or use in any 
manner of diseased or suspected animals or of their pro
ducts or waste without prior permission of the veterinary 
authorities. 

(8) Preventive immunization or induced infection of 
animals when the circumstances require it. 

Further, whenever a farm or district is declared to be in
fected, the veterinary inspectors must separate the dis
eased or suspected animals from other animals of their 
kind and of other species liable to contagion. 

This same Act prohibits the importation of animals that 
are diseased or that come from countries or areas where 
there is rinderpest, contagious pleuro-pneumonia, foot
and-mouth disease, glanders, hog cholera, sheep-pox, con
tagious agalactia, infectious equine anemia or any disease 
that might endanger Argentine livestock. In order 
that the provisions referred to may be properly applied, 
the Ministry of Agriculture has in operation several 
special services and a large quarantine station provided 
with all the equipment and facilities necessary to make 
such observations and examinations of animals as are 
considered desirable for health control purposes. 

This Act further provides that the Government must 
take action against existing contagious diseases when these 
become epizootic in character. The following diseases are 
specifically referred to: anthrax in all kinds of animals, 
symptomatic anthrax of cattle (blackleg), tuberculosis in 
all species, mange of cattle, sheep and goats, ixodiasis of 
cattle, cattle tick fever ("Texas fever"), swine fever, 
rabies in all species, infectious abortion in all species, 
hydatidosis, encephalomyelitis, gaseous oedema of sheep, 
fowl tick, swine trichinosis, and coccidiosis of fowl and 
rabbits. 

THE PROPHYLAXIS OF FOOT-A~D-MOUTH DISEASE 

Of all the diseases peculiar to cattle, foot-and-mouth 
disease has merited and still merits the particular atten
tion of the health authorities in order that commercial 
cycles in the cattle industry may be regularized and that 
the highest quality of beef for export and home consump
tion may be assured. Health measures of a preventive 
nature start with the animal on the farm and are continued 
at each step by the various commercial and industrial 
agencies that deal with cattle until the point at which the 
animals and their various products are ready for distri
bution to the consumer. 

The existence of a permanent official control and the 
support given by all cattle owners in putting into practice 
the recommended preventive measures have helped to 
reduce appreciably the incidence of the principal diseases 
and of foot-and-mouth disease in particular. The impor
tance from a health and economic point of view of this 
disease in relation to domestic and international trade has 
led to the greatest possible use being made of all specific 
preventive measures. From a knowledge of the action 
taken by the Government in this matter and of the sup-

port given to this action by the cattle owners, it is possible 
to form a clear idea both of the extent to which the State 
guarantees cattle products intended for export and of the 
technical basis of this guarantee. 

As regards prophylaxis against foot-and-mouth dis
ease, the detection of a case of that disease is immediately 
followed by a declaration that the area or region concerned 
is infected, and the following measures are then applied: 

(I) Absolute quarantine of the infected area, the boun
daries of which are fixed in each case by the technical 
services of the Ministry of Agriculture, and application 
within this area of the measures specified in the declaration 
of infection. 

(2) No animal, article, person, nor any object that 
might spread the disease can leave the infected area until 
adequate disinfection has been carried out, and no move
ment is permitted into the infected area except in the case 
of horses or of persons with special permission. 

(3) Diseased or suspected animals must be kept in 
quarantine in one place until they have been completely 
cured. 

(4) The carcasses and waste products of dead and 
slaughtered animals must be disposed of as determined by 
the technical services of the Ministry of Agriculture. 

(5) Every possible prophylactic measure must be ap
plied to fields and premises that have been occupied by 
animals suffering from foot-and-mouth disease. 

(6) No declaration of infection in respect of fields and 
premises can be rescinded until 30 days after the occur
rence of the last case and until the necessary disinfection 
has been carried out. 

(7) Milk from diseased animals can be used only as 
determined by the technical services of the Ministry of 
Agriculture. 

(8) If a centre of infection liable to produce an epidemic 
in any part of the Republic needs to be stamped out, the 
slaughter of diseased animals, and even of suspected ani
mals, may be ordered. 

(9) Where the spread of foot-and-mouth disease to one 
or several provinces makes the checking or stamping-out 
of contagion impossible, or where in any infected area it 
may be necessary to facilitate contagion because of the 
impossibility of avoiding it, infection may be provoked by 
placing healthy and diseased animals together, or even by 
directly infecting healthy animals. 

Under a decree issued in 1945, foot-and-mouth disease 
must be reported immediately if it appears, exists or is 
suspected among animals kept in cattle establishments, 
those concentrated in premises where they are to be 
exhibited or sold or those travelling along public roads. 
In order to encourage livestock breeders to co-operate in 
the discovery of sources of infection, those persons who 
of their own accord report the existence or suspected 
existence of the disease are given free veterinary advice, 
and their establishment instead of being closed is placed 
under temporary or partial interdiction. 

The movement of animals along public roads is pro
hibited, and it is laid down that the technical services of 
the Ministry of Agriculture shall fix the health regulations 
governing the disposal of animals that come to the market 
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from farms affected by foot-and-mouth disease; in no case 
may such animals be slaughtered for export. 

If it is found that animals suffering from foot-and
mouth disease have been admitted to premises where ex
hibitions or auction fairs are held, the General Directorate 
of Animal Health may prohibit the organizers from hold
ing up to four of the auction fairs that had previously 
been authorized. If the offence is repeated, the Ministry 
of Agriculture may suspend the firm or organization 
responsible for a period not to exceed one year. 

The application of the regulations that have just been 
summarized has resulted in a marked diminution of foot
and-mouth disease in regions where this disease was rife in 
previous years. These regulations have further made it 
possible to keep epidemics out of extensive areas of the 
country which are protected by certain geographical 
features. This is the situation for example in the southern 
territories where sheep are bred on a large scale which 
have been kept entirely free from this infection. This was 
confirmed at the end of 1941 and at the beginning of 1942 
by a United States health specialist, Dr. Severin 0. Flad
ness, who, among other statements, said: "The under
signed has found that foot-and-mouth disease does not 
exist at the present time in the island of Tierra del Fuego 
and that the territory of Santa Cruz (Argentina) and the 
continental section of Magallanes (Chile) are also free from 
this disease. In view of this situation, the possibility of 
the infection being introduced into the island through 
local movements of cattle is considered very remote. 

"It is also thought that the danger of introducing the 
disease into Santa Cruz or Magallanes through the move
ment of susceptible animals by land from central Argen
tina or Chile is remote because in each of these countries 
natural conditions exist which either entirely prevent such 
land movements or make them so difficult or costly that 
they would be undertaken only in very exceptional cases 
involving but a few animals. Direct shipment of suscepti
ble animals by water from an infected area to the island or 
to some point on the continental side of the straits pre
sents a more dangerous possibility. This danger is reduced 
to a minimum by the fact that such movements are very 
infrequent and take place only for the purpose of acquiring 
particularly valuable animals for reproduction, and by the 
further fact that a strict control of small shipments by 
water is relatively easy to carry out." 

Il\L'\fUNE ZONES 

The Argentine health authorities have not been content 
to rely solely on the security offered by the geographical 
configuration of the southern territories, and in order to 
keep these areas free from foot-and-mouth disease and 
other epidemic diseases they keep a regular check on the 
observance of certain regulations. This situation has ob
tained since 4 October 1937, when special measures were 
introduced to control the entry of cattle into southern 
Argentina in order to prevent a possible invasion of foot
and-mouth disease and other diseases. Accordingly, since 
1937 the introduction into this region of any cattle suffer
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spection and be certified at the point of origin, and the 
establishments from which they originate must be free 
from contagious diseases. These animals are also sub
jected to adequate quarantine regulations at the points of 
origin, concentration or shipment, respectively. 

In connexion with these protective measures, the 
Ministry of Agriculture and Livestock has established a 
double line of demarcation situated north of the forty
second parallel and represented by the Colorado river and 
by the Limay and Negro rivers, which are patrolled by 
police and health authorities in order to prevent the 
passage of animals which are not accompanied by proper 
certificates or which, even with such certificates, are not 
perfectly healthy. On arrival at the demarcation line or 
at ports of destination, the animals are inspected and put 
under quarantine and are at the disposal of the veterinary 
authorities. If animals arrive suffering from the foot-and
mouth they are immediately slaughtered and the 
necessary disinfection is carried out without the owners 
being entitled to any compensation. 

Ships transporting cattle to the southern territories 
must obtain the necessary fodder and litter from material 
that originates in those territories or has remained there 
for a considerable period, or from material that originates 
in sections of the country which are absolutely free from 
foot-and-mouth disease; the use of material originating 
elsewhere is prohibited. 

To give effect to these general provisions, the health 
authorities require a prior inspection of the establishments 
from which cattle are to be taken for shipment as stated in 
a written application that must in every case be submitted 
by the parties concerned within a certain time. If cattle 
are found to be healthy and come from an establishment 
free from foot-and-mouth disease and all other diseases, a 
health certificate to this effect is issued by a district veteri
nary surgeon in the area of origin or ·failing him by a 
veterinary surgeon in an adjacent area. This document 
must state that the animals certified have been kept in the 
establishment for at least fifteen days prior to the date of 
inspection, and this fact must be proved by the parties 
concerned or by their representatives. The certificate 
must further state that no case of foot-and-mouth disease 
or any other contagious disease conveyable to or by the 
species to be certified has occurred during the thirty days 
preceding the date of inspection in the establishment of 
origin or in an adjacent or neighbouring establishment. 
The health certificate for export purposes is valid for a non
renewable period of three days from the date of its issue, 
and during this time the animals certified must be kept 
apart in the establishment of origin. During this time, 
however, the owner of the animals or his representative 
is required to inform the veterinary authorities of any 
abnormality observed in the animals certified or in other 
animals in the establishment. Further, shipments of ani
mals to the southern territories must be made direct and 
without stops. 

HEALTH CONTROL ::\IEASURES APPLICABLE TO EXPORTS 

ing from foot-and-mouth disease or any other contagious In order to ensure the healthy condition of cattle pro
disease or any disease suspected of being contagious has ducts intended for export, various regulations permit the 
been prohibited. Animals that are sent to this region from veterinary authorities to guarantee the condition and 
other parts of the country must undergo a veterinary in- quality of these products under very strict conditions. 
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In the first place, no cattle, sheep or pigs may be 
slaughtered in a refrigerating plant unless accompanied by 
a veterinary certificate. Moreover, no animals of these 
species may be taken from an establishment for export un
less an inspection by a veterinary surgeon has shown that 
the cattle in the establishment are free from all conta
gious diseases, that there has been no case of disease in the 
establishment during the periods prescribed by law and 
that the animals selected have also been examined and 
found healthy two days before the date fixed for their 
removal. 

No animals may be shipped in a railway car or other 
means of transport that has not been properly cleaned and 
disinfected. 

With a view to inspection of the establishment of origin, 
persons shipping cattle to a refrigerating plant must in 
every case and within a prescribed time inform the special 
services of the Ministry of Agriculture of the location of 
their establishment, the means of access thereto, the 
nearest railway station, the date of shipment and the 
number of cattle. 

Animals that are to be sent from cattle markets, auction 
fairs, exhibitions and the like to a refrigerating plant must 
undergo special inspection at these places, but this is 
without prejudice to the examination of health conditions 
in the establishments of origin. Animals transported on 
the hoof must fulfil the same conditions as above with 
respect to health and origin. 

Inspection procedures before and after the slaughter of 
animals are intensified in the refrigerating plants. If foot
and-mouth disease or any other contagious disease is 
discovered among a group of animals on the hoof, this 
group must be isolated, and if the disease is discovered 
after the animals have been slaughtered, neither the meat 
nor the offal of the group may be exported. The by
products are treated in a manner adequate to destroy any 
possibility of contamination. 

If the cases referred to above occur, the pens in which 
the animals were kept are thoroughly cleaned and dis
infected under the supervision of the veterinary inspection 
service of the establishment, and this disinfection is also 
carried out in the slaughtering yards and other places of 
possible contamination. 

In addition, all the containers, coverings and wrappers 
of refrigerated meat intended for export must be new, and 
it is absolutely prohibited to use any which have been 
previously used and which have been in contact with ani
mals or objects liable to transmit foot-and-mouth disease. 

The following general objectives are aimed at by the 
campaign against foot-and-mouth disease and the inspec
tion by health authorities of meat for export: 

(1) Isolation of the foci of foot-and-mouth disease and 
declaration of outbreaks: This is accomplished through an 
intensive educational campaign and the dissemination of 
technical knowledge, in order to inculcate a collective 
sense of responsibility among cattle breeders and cattle 
dealers with respect to the need for immediately isolating 
diseased animals and reporting them to the proper health 
authorities in accordance with the general regulations out
lined above. 

(2) Ban on the shipment of injected cattle and on re
moving them from establishments in which the disease exists: 
The strictest vigilance is exercised in cattle establishments, 
at exhibitions, and in places where cattle are gathered, 
sold or processed, such as markets, auction fairs, slaughter 
houses, refrigerating plants, etc. 

(3) Measures to prevent means of transport and places in 
which cattle are gathered from becoming foci of infection: 
All measures are taken to remedy any def1ciency in dis
infection procedures, and systematic studies are under
taken to determine what changes, extensions and additions 
should be made in equipment, pens, inspection passage
ways, buildings and so on. In this manner the best con
ditions for disinfection and health inspection are assured. 

(4) Improvement of veterinary inspection in slaughter
houses and refrigerating plants: Technical services are con
tinually being improved, and all the latest innovations 
suggested by scientific research are introduced. 

PREVENTION OF FOOT-AND-MOUTH DISEASE 

Since, in the light of present knowledge, preventive 
vaccination is regarded as an ideal means of fighting this 
disease, the technical services of the Ministry of Agri
culture and private veterinary institutions in Argentina 
are giving particular attention to the improvement of 
various kinds of vaccines. 

Many investigations of an official nature are at present 
being carried out on this subject with a view to solving 
the specific problems connected with foot-and-mouth dis
ease which may be attributed to factors peculiar to the 
Argentine environment. At the same time, systematic 
supervision is exercised over preventive and curative 
products prepared by various private laboratories that 
operate under the provisions of Ministerial Resolution 
No. 2520 of 13 August 1947. 

This resolution requires the registration of all products 
of this nature and lays down the technical conditions 
which the manufacturing establishments must comply 
with. 

The resolution specifies further that the importation of 
active foot-and-mouth virus, in any form, whether for use 
by official or educational institutions or by private es
tablishments, must in each case be authorized by the 
Ministry of Agriculture, which will take all steps neces
sary to prevent the disease from spreading. 

Products that are intended to prevent or treat foot-and
mouth disease and its consequences are provisionally clas
sified as: (a) products that provide active immunity (vac
cines); (b) products that provide passive immunity (se
rums, animal blood, hyper-immunization products); 
(c) specific remedies for the treatment of lesions caused by 
foot-and-mouth disease or its consequences; (d) virucidal 
products for use in destroying or preventing the virus in 
food, surroundings, etc. 

Products that provide active immunity against foot
and-mouth disease (vaccines) are made the subject of in
vestigations and experiments, and their use is only autho
rized when shown they possess the following qualities: 

(a) Purity (freedom from germs and pathogens); (b) 
Benignancy (they must not cause any serious lesion at the 
point of injection or any appreciable general disturbance, 
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and they must be apathogenic when injected intrader
mally into the mucous membrane of the tongue of animals 
receptive to a dose of one cubic centimetre); (c) Activity 
(each type of virus may be tested separately, or one test 
may be made on three types of mixed virus, as the manu
facturer wishes). In the first case, six cattle are used for 
the type of virus and six cattle for each method of inocu
lation of foot-and-mouth virus; intradermal, lingual 
"aphthization" and cohabitation. In the second case, the 
lingual "aphthization" alone is carried out with a mixture 
of three viruses on six animals. In both cases, two test 
animals are used for each group or lot. Virus discharges 
are effected after a post-operative period specified by the 
preparing laboratory. 

A vaccine is considered acceptable if it withstands in
fection attempted through "aphthization", and the manu
facturer has the choice whether infection should also be 
attempted by means of permanent cohabitation and by 
the intradermal method. After an observation period of 
ten days in the case of an "aphthization" test on a lot of 
six animals, the presence of one sick animal is accepted. 
Up to two infected animals are accepted in the permanent 
cohabitation test, which must be continued for ten days 
after the last case of sickness has occurred, and also in the 
intradermal method. The two test animals must in all 
cases become sick. In cases where the interpretation is 
doubtful, the parties concerned may ask for a repetition 
of the original experiment, if they produce the required 
discharges. 

On the basis of these provisions the Ministry of Agri
culture exercises adequate supervision over the numerous 
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vaccines that are prepared in this country, in which cattle 
owners are coming to favour this method of prevention 
more and more. In view of the conditions of the local 
cattle industry-its extensive character, the large number 
of animals and the vast areas devoted to cattle breeding
the prophylactic campaign on the basis of vaccination 
constitutes a remarkable effort that holds great promise 
of completely eliminating the disease, inasmuch as many 
different kinds of control measures converge upon this 
objective. 

If to this be added the supervision to which cattle 
movements are subject and the strict inspections carried 
out in cattle establishments, slaughter-houses and re
frigeration plants, it will be seen how comprehensive is the 
health guarantee that covers Argentine cattle products 
intended for export. 

In this particular matter it is interesting to recall that 
some time ago the Argentine Refrigeration Association 
sponsored the establishment of a scientific committee to 
investigate the survival of the foot-and-mouth virus in 
meat for export. Specialists from the Ministry of Agri
culture served on this committee. 

The work done by the committee produced some very 
interesting conclusions. It was demonstrated, for exam
ple, that in boned meat refrigerated at the temperature at 
which it is preserved and transported for export, the virus 
perishes within a few days, and that consequently there is 
absolutely no danger of this meat carrying the virus or 
being an agent of infection. 

ABSTRACT 

Food animals of all classes are insidiously ravaged by internal parasites of great variety and abundance. The 
principal kinds, with a few exceptions such as trypanosomes, are of world-wide distribution. The economic loss caused 
by them is manifested chiefly in retardation of growth, and is largely preventable by methods of parasite-control that 
have been developed during the past decade. 

Gastrointestinal roundworms of many species are of ubiquitous occurrence and, as a whole, cause the greatest loss. 
The other helminthic conditions of major economic importance are liver flukes of ruminants; lungworms of cattle, sheep, 
and swine; kidney worms, thorn-headed worms, and threadworms of swine; and gape worms of poultry. The major proto
zoan diseases are coccidiosis of cattle, sheep, and poultry; trichomoniasis and anaplasmosis of cattle; and blackhead of 
turkeys. 

Measures of controlling the afore-mentioned parasites and parasitic diseases, including the adjuvant use of specific 
medicaments, are described, although the significance of all-round good management, feeding, and surveillance is 
emphasized. 

Internal parasites cause severe losses among all classes 
of farm animals. Despite the fact that they are responsi
ble for some of the worst diseases, they cause their heaviest 
losses by an unspectacular, insidious undermining of the 
health of millions of animals. 

In the paragraphs that follow, reference will be made to 
some of the important parasites affecting cattle, sheep, 

· swine, and poultry. The brief discussions thereof will be 
devoted to aspects of economic importance and control, 
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but, of necessity, almost wholly limited to experience 
within the United States. Although practices of parasite 
control vary greatly, the parasites that cause the heaviest 
losses in the United States are essentially the same, with 
only a few exceptions, as those encountered in all parts of 
the world. 

It is desirable, and perhaps necessary, to define what is 
meant by controlling parasites. It is doing the things that 
reduce the economic losses therefrom to a minimum, yet 
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this statement seems necessary because so many unsatis
factory connotations are evident in the literature. More
over, medication is an adjunct to control. Treatment of 
heavily parasitized animals, however necessary as a last 
resort, is not a "stitch in time". The aim should be to 
employ medication in such manner as to prevent the 
acquisition of parasites, and the economic losses there
from, preferably as a part of a practicable control regimen. 

Finally, in the economy of livestock production, care
lessness in but one of many directions may be costly and 
even disastrous. Vigilance against parasites is plainly one 
of the essentials. Specific measures of control are con
stantly improving with increasing knowledge, but basical
ly they are derived from the fullest possible knowledge of 
parasites, including their biology, life-cycles and means of 
spread, their susceptibility to natural influences and drug 
action, their effects upon the host, and many other items. 
Nevertheless, the ever-expanding knowledge of internal 
parasites makes it altogether clear that much in the way 
of control goes hand-in-hand with good management, 
wholesome feeding, intelligent breeding, sanitation, treat
ment, and surveillance. 

CATTLE 

animals. One group of 419 dairy cows slaughtered on 
Oahu in 1939 revealed 91.8 per cent with fluky livers. 
Another parasite, CEsophagostomum radiatum, has been 
shown to be one of the causes of so-called "tropical diar
rhoea" of calves in Puerto Rico. The parasite causes anae
mia, stunting, and other serious symptoms. The daily 
gains of infected calves were found to be only about one
seventh of the gains of uninfected controls. 

A full discussion of control measures for conditions of so 
great importance and diversity cannot be undertaken. 
But let us visualize, for example, that trichomoniasis has 
been diagnosed in a herd which has shown· signs of be
coming unprofitable because of sterility and breeding 
failures. In such unhappy event, effective steps must be 
taken to eradicate the infection. To determine means of 
accomplishing this has been the objective of years of 
study, observation, and experiment. Effective control 
rests upon rigid adherence to a hygienic breeding program
me, and such has recently been devised and outlined in 
detail (Bartlett and Dikmans, 1949). 

When coccidiosis threatens to cause losses, the proce
dure, as in the case of trichomoniasis, is to institute tried, 
proved measures for controlling the disease. A program
me for the control of coccidiosis of dairy calves, based 
chiefly on sanitation and segregation by age-groups, has 
been described (Boughton, 1941). It is too early to ap
praise the value of chemotherapy as an aid in the control 
of bovine coccidiosis, although acknowledgment should be 
made of the promising experience that has been reported 
with sulphamethazine and other sulphonamides. 

In cattle, several protozoan diseases are as important as 
the major helminthic diseases. In large areas of the world, 
trypanosomes and piroplasms are serious hazards in cattle 
production. In Africa, for example, the effective control 
of bovine trypanosomiasis would remove a major obstacle 
to successful cattle raising and permit almost limitless 
expansion of an immeasurably profitable and crucially 
needed livestock industry. Fortunately, the promising Anaplasmosis is a particularly complicated disease and, 
action of airplane application of DDT against tsetse flies unfortunately, many years may pass before reliable 
and the advent of new, protective drugs, the most recent means of diagnosis and control are devised. 
being antrycide, may make possible, in significant mea- In the field of helminth parasitism, better chemical 
sure, the realization of this hope. measures of control are available. This is fortunate be-

In the United States and most other countries, cocci- cause of the ubiquity and constant hazard of the large 
diosis, trichomoniasis, and anaplasmosis cause heavy group of gastrointestinal roundworms. Although no drug 
losses. Among the helminthic species, stomach worms and is effective against all species, phenothiazine is clearly the 
other gastrointestinal nematodes, liver flukes, and lung- drug of choice. Doses of 10 grams per cwt. are effective 
worms are the more injurious species of common occur- against common stomach worms, trichostrongyles, and 
renee. nodular worms, but larger doses are required for the 

Serious parasitism occurs in cattle of all ages. Death removal of one of the more injurious stomach worms, 
losses and those occasioned by the condemnation of parts known as Ostertagia. Since this latter parasite occurs 
and carcasses under Federal meat inspection are large, yet widely and is capable of causing severe losses in calves and 
not nearly so large as the inapparent losses, such as the yearlings, doses of 20 grams for each estimated cwt. are 
poor growth, excess feed consumption, and delayed mar- generally recommended. The total dose, however, should 
ketability of parasitized beef animals. Coccidiosis alone not exceed 60 grams. The drug may be given in capsules, 
has been estimated to cost cattle raisers at least 10 million boluses, prepared suspensions, or feed. In general, the 
dollars annually in the United States. Mortality losses treatment of young stock immediately prior to each 
from parasites in young stock probably amount to four or grazing season appears to give the best results. 
five times this figure. Yet, added thereto is the much There is no effective medication for the removal or 
greater loss from morbidity and inefficient production, as destruction of lungworms. Animals showing signs of the 
well as the death loss among dairy, beef, and other mature infection should be removed from pasture to clean quarters 
stock, not to mention the immobilization of space and until they no longer show symptoms. In general, resting 
labour, the waste of grain and forage, and the actual cost of and rotation of pastures are desirable. Low, we.t pastures 
combating parasitic diseases. should be avoided and permanent pastures should not be 

It would be informative, if space permitted, to recall at overstocked, even when well drained. 
least a few specific reports of losses. Mention might well The drug of choice for the destruction of liver flukes in 
be made, however, of the occurrence of the liver fluke in cattle is hexachloroethane, although there is no regimen of 
certain tropical areas. In Hawaii, for example, it infects treatment, sanitation, or management that affords wholly 
80 per cent of the dairy cattle and 50 per cent of the beef satisfactory control of fluke disease. The drug is given as a 
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drench with specially prepared suspensions containing 50 
per cent by weight-volume of the chemical, the dose for 
mature animals being 200 cub. em. and for calves over 
three months, 100 cub. em. The treatment of affected ani
mals in the spring and fall appears to offer the best con
trol. 

SHEEP 

The injurious parasites of sheep are numerous, and of 
peculiar significance among livestock parasites of the 
United States. 

The internal parasites of major concern are the numer
ous species of gastrointestinal nematodes, among which 
are the large stomach worm which alone costs the lives of 
thousands of lambs annually, the other stomach worms 
which, with the aforementioned species, contribute to the 
syndrome often described as "parasitic gastritis", the 
highly injurious trichostrongyles of the small intestine 
which are the causative agents of so-called "black scours", 
the nodular worms which are responsible for"knottyguts", 
and other very injurious species of world-wide occurrence. 
Probably next in importance are lungworms and liver 
flukes. Although of less economic significance, tapeworms 
and coccidia should be mentioned. 

The aforementioned parasites are of peculiar importance 
in the United States because, among sheep, there are no 
devastating infectious diseases comparable to those which 
affect other classes of livestock and, corollary to this, 
parasitism is the most serious disease hazard in sheep pro
duction. Moreover, because of researches of recent years, 
we are better able to control sheep parasites than those of 
any other class of livestock. 

An exaggerated impression of the significance of sheep 
parasites would be given if a full discussion were under
taken of the extremely interesting aspects of their eco
nomic importance and control. There have been many 
experimental studies of the injuriousness of specific para
sites and of losses from average, natural infections. The 
nodular worm, for example, is less injurious than certain 
other parasites, such as stomach worms and tricho
strongyles, yet a recent study showed that infections re
duced the weight of live sheep, the weights of the pelt and 
organs, the amount of lean and fat in the carcass and 
chops, the dressing-out per cent, and increased the degree 

FOSTER 

consume sufficient amounts of medicated salt to keep 
their parasites in check, should be given therapeutic doses 
of phenothiazine. Ordinarily, there is protection in treat
ing all animals of a breeding flock at least once during late 
winter or early spring before they are turned onto new 
pastures. Doses from 20 to 40 grams, usually 25 grams or 
about 1 oz., are given. They may be given in capsules, as 
drenches, or in feed. 

There is no reliable medication against lungworms but 
advantage may be taken of the relatively self-limiting 
nature of clinical infections by removing affected animals 
from pasture to clean quarters until the condition im
proves. Insofar as possible, pastures should be dry and 
well drained. 

In areas where liver flukes cause loss, control rests 
chiefly on a regimen of treating all animals of infected 
flocks with 1 cc. doses of pure carbon tetrachloride. In 
temperate climates two doses at an interval of three to 
four weeks are usually given in late fall. Good drainage, 
filling, and fencing of low, swampy areas are helpful in 
reducing the severity of infections. 

While the common intestinal tapeworm, Moniezia ex
pansa, is of controversial economic importance, it is 
currently regarded with more concern than at any time 
heretofore. Of chief interest regarding its control is the 
recent evidence that ordinary spray-grade acid lead arse
nate is of unusual promise for its removal. The chemical 
is administered in doses from 0.5 to 1.0 gram per animal 
in small gelatin capsules, without fasting or purgation. 

Coccidiosis of feed-lot lambs is a difficult problem. 
Epizootics are usually traceable to unsatisfactory feeding 
practices and poor sanitation. Feed troughs should be 
protected against the hazard of gross fecal contamination 
and thoroughly cleaned about every other day. Cleaning 
the lots also is sometimes both practicable and profitable 
since the manure may be recovered, dehydrated, and sold 
for fertilizer. Although chemical control has not de
veloped to a satisfactory stage, drugs are of value in sup
pressing outbreaks and preventing losses. The feeding of 
sulphur at a concentration from 0.5 to 1.5 per cent of the 
ration is a useful measure when time is needed for the 
detection and removal of sources of infection. 

SWDIE 

of shrinkage of the carcass on storage. The wool from The most damaging internal parasites of swine are large 
severely infected sheep, moreover, was short and dry and roundworms, kidney worms, lungworms, thorn-headed 
showed breaks in the fibers. It is of more significance that worms, and intestinal threadworms. These and numerous 
the average weekly weight gains of uninfected lambs was other species are found in practically all hog-raising coun-
2.4 lb. while that of moderately infected lambs was only tries. 
0.8 lb. Thus, it is emphasized again that the effect of a Because of the hidden effects of the aforementioned 
few parasites on the growth of meat animals is the critical parasites, their full economic significance is rarely ap
source of economic loss. preciated. When pigs appear to be doing well, it is too 

Against gastrointestinal roundworms, the free-choice often felt that the presence of a few parasites is of minor 
administration of phenothiazine in salt is a simple, effec- concern. Carefully controlled studies have shown that this 
tive control measure. It consists in making accessible to complacency is exceedingly costly. In an experimental 
flocks a mixture of phenothiazine, 1 part, and loose salt, study of ascarid infections, weight gains of four para
nine or ten parts, by weight, as a means of self-medication. sitized and four unparasitized pigs were recorded during 
The medicated salt should be sheltered from the weather, the period from two to twenty weeks of age. The latter 
and the supply replenished when necessary. Sheep should averaged 0. 79 lb. (0. 75 to 0.86) daily for 126 days. The 
be kept on the regimen throughout the grazing season and four pigs that were experimentally infected with ascarids 
the system started early enough to avoid contamination of averaged 0. 72, 0.4 7, 0.39, and 0 (actually, minus 0.06) lb. 
spring pastures by parasitized animals. Sheep that do not daily. At autopsy, after 126 days, they harboured respec-
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tively, 12, 20, 39, and 109 ascarids. Each adult ascarid, on 
the average, was responsible for depressing the rate of 
gain by more than 1 lb. (actually 1.16) before the pigs 
reached five months of age. 

Several years ago, in southern United States, a few 
comparisons were made of the growth of pigs reared under 
sanitary conditions designed to protect against parasites 
with the growth of pigs reared under ordinary conditions. 
Approximately as many pigs were marketed from 2 
"sanitary" litters as from 3 "unsanitary" litters. More
over, the latter required over 4 months longer to reach 
market weight. The loss from condemnations under feder
al meat inspection, chiefly because of kidney worms, 
amounts to 50 dollars per 100 pigs in some areas. At
tention should also be directed to the growing belief that 
Strongyloides, the intestinal threadworm, is of major eco
nomic importance. A recent study showed that this para
site could largely nullify the capacity of pigs to grow, as 
well as cause morbidity and mortality losses. 

Chief reliance for protection from losses due to these 
parasites must be placed on sanitary rearing, special dieta
ry management, and judicious, effective medication. Most 
swine parasites can be effectively controlled by a system 
of sanitation which encompasses the following main fea
tures: (1) clean farrowing pens, (2) sows washed clean be
fore farrowing, (3) a "clean" trip to clean pastures for the 
sows and their litters, and (4) clean pastures for the pigs 
until they are at least four months old. 

Many parasites can be controlled by feeding pigs ex
clusively on milk, skimmed milk, or whey for periods of 
three successive days at intervals of 2 weeks, or by feeding 
one or another of these daily in lieu of one grain feeding. 

Medication is exceptionally efficacious for the control of 
large roundworms, and the use of an efficient treatment 
against them is almost always a necessary adjunct to the 
successful control of swine parasites. The most effective 
treatment consists in the administration of sodium fluori
de (technical grade, tinted) at a concentration of 1 per cent 
by weight in dry, ground feed for a period of one day. Pigs 
should be slightly underfed the day before treatment, but 
not fasted. On the day of treatment they should be given 
about two-thirds of the amount of medicated feed that 
they normally consume of regular feed. Market pigs 
should be treated after weaning and again about two 
months later. Sodium fluoride is poisonous, however, and 
containers should be labelled conspicuously and stored out 
of reach of children. 

POULTRY 

Of the parasitic diseases affecting poultry, coccidiosis is 
the cause of greatest loss. Another protozoan disease, 
blackhead (infectious enterohepatitis) is of considerable 
economic importance in turkeys. The helminths of chief 
economic significance are gapeworms and intestinal 
nematodes, particularly large roundworms and cecal 
worms. 

Coccidiosis costs at least 10 million dollars annually in 
the United States, the losses from mortality and morbidity 
being about equal. There are no reliable estimates of 
losses attributable to blackhead, but many growers have 
abandoned turkey raising because of this disease. As is 

well known, mortality among poults is very high, possi
bly averaging 50 per cent in epizootics. The helminthic 
parasites manifest their chief injuriousness in the retarded 
growth of parasitized birds, yet they are important also 
from standpoints of widespread morbidity and mortality. 
The cecal worm, moreover, is of peculiar significance be
cause of its role in the transmission of blackhead. 

In spite of notable advances in the chemical prevention 
of coccidiosis, we are not yet at a point where reliance on 
drugs affords wholly satisfactory control. Some degree of 
infection, moreover, is almost certain to be present in spite 
of the most rigid measures of sanitation. Reliance must be 
placed, therefore, on both medication and sanitation. It 
is quite widely believed that it is wise to exert control only 
to the extent required to prevent clinical disease in order 
that advantage may be taken of the immunity which is 
engendered by light infections. In this respect, sulpha
guanidine has been used with considerable success. A 
mash containing 0.5 per cent of the drug gives marked 
protection against death losses and may be fed safely for 
at least seventeen days. More recently, continuous feeding 
of sulphaquinoxaline, at a level of 0.0125 per cent, for 
eight weeks or more, has been recommended. Sanitary 
measures are designed to prevent susceptible chickens 
from ingesting excessive numbers of parasites in the in
fective stages. Emphasis is placed upon clean feed and 
water, protected from fecal contamination, and clean, dry 
litter. Finally, medication is of some value for aborting 
outbreaks of cecal coccidiosis. As soon as bleeding is 
noticed, chicks may be fed a mash containing 1 per cent 
suphaguanidine for two days, followed by ordinary mash 
for three days. Thereafter an intermittent system of 1 
day with medication and three days without may be 
followed until symptoms subside. In lieu of this, feeding a 
mash containing 5 per cent sulphur for 5 days is efficacious 
and cheap. Other sulphonamides and a few newer, un
related drugs are currently being investigated, and the 
preliminary findings augur important developments in the 
near future. 

There are no simple measures for the control of black
head. No drug is of value for the treatment of infected 
birds, but phenothiazine is effective in reducing popu
lations of cecal worms, which are important in the propa
gation of the disease. Efforts should be directed toward 
destroying these worms in both chickens and turkeys, 
since the former are probably the chief reservoirs of in
fection. Many detailed programmes of control are pu
blished in the extensive literature on this disease. 

Poultry infected with gapeworms should be treated 
with barium antimonyl tartrate. Treatment consists in 
forcing the birds to inhale the powder. Infected birds are 
enclosed in a box for fifteen to twenty minutes. The 
powder is injected into the box with a dust gun at a 
dosage of 1 oz. for about 8 cub. ft. The box should be 
quite deep, and the powder injected piecemeal at intervals 
of about five minutes during the period of treatment. 

Phenothiazine and nicotine may be employed in com
bination for the removal of both large roundworms and 
cecal worms from chickens. A simple, effective formu
lation is (1) 15 grams of commercial nicotine sulphate 
solution (Black Leaf 40), (2) 151 grams of phenothiazine, 
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(3) 287 grams of bentonite, and (4) 44 pounds of ordinary 
.::hick mash. The medicated mash may be fed for three 
consecutive days at intervals of three weeks, as long as 
needed for control. 

DISCUSSION AND CONCLUSION 

In so brief a discussion of the internal parasites of live
stock, there have been many unavoidable omissions. The 
attempt has been made to focus attention upon the most 
important species affecting food animals, to take cogni
zance of the extent and nature of the losses caused by 
them, and to indicate what are regarded as the best mea
sures so far devised for their control. Particular emphasis 
has been placed upon the insidiousness of parasitism and 
on the heavy economic losses that occur almost without 
arousing suspicion. The importance of medication as a 
part of the regimen of control has been stressed, especially 
in connexion with the unprecedented value of phenothia
zine for controlling important gastrointestinal nematodes 
of cattle, sheep, and poultry, and of sodium fluoride for 
controlling large roundworms of swine. The successful 
control of internal parasites has been emphasized a.s an 
f~ssential aspect of sound livestock production. 

TAYLOR 
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Internal and External Parasites of Livestock 
E. L. TAYLOR 

ABSTRACT 

Many of the most economically important diseases are caused by parasites other than bacteria. Occasional op
portunities offered for accurate observation show the losses to be very great although no machinery exists whereby the 
whole loss may be estimated. Economic loss results from increased mortality rate, increased morbidity rate (which is 
the greater), the cost of preventive practices and veterinary policing. 

Recent advances refer to the knowledge of parasiticides and of epidemiology. The economic benefit from carbon 
tetrachloride for fascioliasis can be counted in millions of pounds, that from phenothiazine has also been very great, and 
great saving is confidently expected from the early eradication of sheep scab by the use of the new acaricides. Sulpha
mezathine has also effectively curtailed the loss from coccidiosis. 

Advances in epidemiology have facilitated the control of many of the worm diseases of stock, the more effective use 
of the new acaricides and the control of diseases caused by coccidia and by Trichomonas, but the need for efficient 
propaganda is very obvious. Where drugs are concerned, the Trichomonas, of commercial firms is effective but the 
propaganda for control by other means is inadequate and it is thought that research workers themselves should take a 
greater part in this educational aspect of the application of their work. 

A complete understanding of the biology of parasites can never be attained and as the parasites have the power 
of adaptation to new parasiticides, the need for continuity of research on any parasitic disease will remain until the 
eradication of the parasite has been effected. 

The internal and external parasites of livestock, com
prising the field of veterinary parasitology, takes into 
consideration infective agents of disease other than bac
teria, fungae and filterable viruses, namely the parasitic 
helminths, arthropods and protozoa. 

These parasites, which belong to very different biolo
gical groups of organisms call for very different means of 
control and are of varying importance in different geo
graphical situations. In general the arthropods and proto
zoa are of greatest importance in the tropics and the hel
minths of most importance in the temperate zones, 
particularly where agricultural methods are of an inten
sive or semi-intensi.ve kind. 

In Britain the principal parasitic diseases are, among 
the helminthiases, parasitic gastritis, fascioliasis, para
sitic bronchitis, and red-worm disease of horses; among 
the arthropod troubles are sheep scab, damage caused by 
the sheep maggot fly, warbles in cattle, and ticks as vec
tors of virus diseases; among the protozoan diseases are 
the coccidioses, bovine piroplasmosis, bovine tricho
moniasis and blackhead of turkeys. 

ECONOMIC LOSS FROM PARASITIC DISEASES 

For the proper consideration of the economic advantage 
which is being gained from the application of recent ad
vances in technology concerning parasitic disease, it be-
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comes necessary to pay some attention to the economic 
loss that was sustained prior to the application of the new 
methods of control. Unfortunately this is a most difficult 
thing to estimate and little more can be done than to show 
the losses to have been very great indeed. 

An authoritative American estimate (3)1 puts the figure 
at 418 million dollars for the United States and in pro
portion, our own loss can be no less. Some estimates for 
Britain (1, 2, 4) are available but reliable particulars are 
difficult to secure. An occasional enquiry into a series of 
outbreaks of disease within a confined area reveals such a 
point as a loss by 43 farmers of some 12,700 pounds 
sterling, and it is known that similar losses were widely 
experienced throughout the country (6); an enquiry over 
a period of three weeks at some British abattoirs shows 
that some 1,500 tons of bovine livers are condemned 
during twelve months because of liver fluke damage and 
it is known that the animals from which those livers were 
derived have suffered loss of condition, and that for every 
affected bovine there were probably a dozen sheep still 
more severely affected. The receipt of dead chicks for 
routine post mortem examination shows that coccidiosis 
is widespread throughout the country; county poultry in
structors report on its very prevalent occurrence and since 
nearly all poultry farmers can recognize it for themselves 
and need seek no aid over the matter of diagnosis it may 
be supposed to be even more widespread than appears. In 
each of these instances we know the loss to be very great 
indeed but we don't know how great it is even from actual 
deaths and from the obvious clinical forms of disease. 
A few very rough estimates amounting to hundreds of 
thousands and to millions of pounds sterling have been 
published (3). 

In addition to the loss from the more acute forms of 
disease and from disease epidemics, it is known that there 
is a very considerable loss which is probably even greater 
than the preceding loss arising from sub-clinical disease. 
There can be little doubt that a great proportion of the 
poor thriving, particularly among young animals, is a 
result of only a relative degree of infestation by some of 
the parasites that have been mentioned above as the 
causes of loss from severe or fatal disease when present in 
large numbers. 

Yet another cause of economic loss by external and 
internal parasites is brought about through the require
ment for continuous effort in order to maintain the para
site population at a level which is below the disease 
threshold. 

rearing calves indoors throughout the greater part of their 
first year of life originates in the need for avoiding the 
lung worms which cause parasitic bronchitis, and even the 
baneful results of overcrowding, so well known to farmers, 
refer to parasitism. Among the more obvious preventive 
procedures are the keeping of sheep off wet land, in order 
to avoid the liver fluke; daily inspection of sheep during 
the maggot fly season; avoidance of the introduction of 
adult cattle into redwater areas, keeping turkeys on wire 
floor in order to prevent blackhead and enforcement by 
law of the periodical dipping of sheep for the control of 
sheep scab. 

RECENT ADVANCES IN THE CONTROL OF PARASITIC DISEASE 

These advances fall under two main headings: (a) ad
vances in our understanding of the epidemiology of the 
diseases and (b) the discovery of new drugs for the deo;truc
tion of the parasites within the animal body. 

(a) The field of epidemiology 
The following may be cited as examples of the advances 

in the field of epidemiology. Recognition of the danger of 
allowing sheep folded on arable ground to return to areas 
which they have occupied more than four days previously, 
the dangers associated with the grazing of short herbage 
by sheep in times of drought, the association between 
cobalt deficiency and parasitic gastritis in sheep, the na
ture of the benefits of alternate grazing by different kinds 
of stock, or by immature and adult stock for the removal 
of nematode larvae from infected pasture, the association 
of tapeworms of herbivores with species of free-living 
mites in the herbage, the limitation of the liver-fluke snail 
to localized areas on most of the farms on which it occurs 
the highly host-specific nature of coccidia, and the self~ 
limiting nature of the life cycle, with the implied associa
tion of reinfestation with diseases; the short duration of 
trichomonas infestation in the cow and its long duration 
in the bull, implying control by artificial insemination, 
and the recognition of the phenomenon of latency in 
sheep scab, with its implication that summer dipping is 
less effective than was supposed and that sheep which to 
all appearances are healthy may be carrying the infection. 

Advances in the understanding of the host-parasite 
relationship, in the immunological field are also notable 
and enable the specialists to make helpful recommen
dation concerning the control of parasitic disease through 
management. These concern such points as the relatively 
great importance of protecting young animals as compared 
with adults and the importance of permitting a certain 
low level of infection to take place in coccidioses and, in 
parasitic gastritis and bronchitis. 

Many of the procedures invariably practised by farmers 
are so much a matter of tradition and are so generally 
accepted as an essential encumberance of successful agri
culture that their fundamental association with the need Advances in this epidemiological field, involving modi
for parasite control is scarcely recognized. With the ex- fication in management sometimes contrary to tradition, 
ception of sheep scab, trichomoniasis, tick-borne diseases are often difficult to popularize-but more will be said on 
and blackhead the rest of the parasitic diseases mentioned that aspect in a later part of this paper. 
in the early part of the report may be regarded as present (b) The field of parasiticides 
on every farm throughout the British Isles; and it is only Recently there have been several very notable advances 
through constant vigilance that they are kept in check. in our knowledge of anthelmentics, insecticides and acari
The universal practice of the continuous movement of cides, representing a marked improvement in the position 
sheep from one pasture to another doubtless originates in with regard to the control of several of the most economi
t~-~eed to control parasitic gastritis; the necessity for cally important of the parasitic diseases in Britain. If one 

1 Numbers within parentheses refer to items in the bibliography. goes back some twenty odd years, the observation of the 
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'/alue of carbon tetrachloride for use in liver fluke in
festation may be included as an advance of very great 
economic importance. In the worst fluke districts of 
Britain, preventive treatment with the substance is now as 
regularly employed as is the copper sulphate and arsenic 
treatment for haemonchosis in South African sheep. Were 
it not for the occasional intoxication of lowland sheep (as 
y'et unexplained) it would be still more widely employed. 
From the sheep farmers' point of view this discovery 
probably represents the greatest single advance in sheep 
husbandry since the discovery of the life history of the 
liver fluke in 1882 and must represent the lives of millions 
of sheep and an even greater saving in connexion with the 
condition of sheep that do not actually die. 

The next important addition to our knowledge of 
anthelmintics is phenothiazine. In spite of its compara
tively high cost and bulky nature which renders adminis
tration rather difficult, this substance is now very widely 
used in sheep, cattle and horses. Laboratory trials have 
shown its outstanding efficiency against a number of 
parasitic worms, and farmers and veterinary clinicians 
alike are extremely pleased with the results. In cases of 
clinical strongyloses of sheep, cattle or horses, these 

TAYLOR 

juries that occur as a result of stamping and kicking to 
allay the irritation. There is little doubt that this parasite 
also could be eradicated. 

Among the treatments for protozoan diseases there is no 
doubt that the greatest advance has been in the control of 
coccidiosis among chicks by sulphonamides, notably by 
sulphamezathine. This is an example of a new method of 
using a drug in the control of a spreading disease. This 
drug is useless as a curative treatment, nor can it be re
commended as a preventive treatment in the same way 
that carbon tetrachloride or hexachloroethane are used 
for the liver fluke, but solely to curtail an epidemic that 
has already begun. It is now very widely used by poultry 
farmers throughout the country, who keep a supply of 
sulphamezathine in readiness for the first appearance of 
the disease among their chicks. As soon as symptoms ap
pear a course of treatment is initiated (through the me
dium of the drinking water) and the otherwise inevitable 
epidemic is immediately checked. The parasite responsi
ble for this very destructive disease is widespread through
out the country and the losses, which used to be very 
great, are now much reduced. 

results are frequently very striking indeed and groups of APPLICATION OF ADVA~CES I~ TECHKOLOGY 

animals suffering from the sub-clinical form of helminthic The economic loss from parasitic disease has already 
disease are also greatly benefited. One of the farmers' been briefly discussed and the potentially great benefits to 
ways of expressing this improvement is to say that "pheno- be derived from even small advances in knowledge in this 
1hiazine is better than food", being cheaper and more field will have become apparent. Each additional aid to 
effective. control applies to hundreds of thousands or to millions of 

Laboratory observations show that cases of sub-clinical animals and the work of any one scientist may and he
parasitism in sheep may be anything from 5 to 8 or 10 lb. quently does, result in enormous economic benefit. This is 
])elow normal weight and since phenothiazine is used in seen to best advantage in instances where eradication of a 
some scores of tons, the saving of mutton, quite apart disease has become possible. Knowledge recently ac
Jrom the curing of clinical disease and the prevention of quired in the ecology of the ox warble fly and the sheep 
<leath, may be presumed to be very considerable. scab mite, together with the discovery of the parasiticidal 

Recent advances in the entomological field, in insecti- powers of derris, benzene hexachloride and DDT have 
cides and acaricides have been even more notable than brought within view the eradication of those two parasites 
those in the field of helminthology. The first advance from the country; but much time may be lost between the 
concerns the recognition of the efficacy of derris in the scientific discovery and its full use in the field. No better 
destruction of warbles in the backs of cattle, and the example could be given of this unfortunate delay than 
second and third, much more notable ones, the discovery that of sheep scab which was eradicated from Australia 
of the parasitical activites of DDT and benzene hexachlo- and New Zealand many years ago by the relatively im
ride. As yet there has not been adequate time for results perfect means then at the disposal of the veterinary 
to show, but the potentialities for economic gain are very authorities. That we have not been able to bring about 
great. This is most obvious in the example of sheep scab, the eradication campaign to the same conclusion in Eng
which disease has been the cause of great economic loss in land is to be ascribed in no small part to the lack of public 
Britain, necessitating costly veterinary inspection anct the support and the difficulties in enforcing a strict observance 
country-wide enforcement of periodical dipping of sheep. of the legislation. If every sheep farmer would do what he 
Because of the very marked acaricidal action of benzene was told to cto throughout one year, the parasite would be 
hexachloride, and its power of protecting sheep for several extenninated. It is largely due to the great energies of one 
weeks after dipping, there are now great hopes that the or two individual veterinary inspectors that it appears to 
disease may be eradicated from the country. As this have been eliminated from Scotland in 1941, and the same 
~ubstance is also extremely toxic to the sheep ked, there is may be said to apply to the ox warble fly which has been 
no doubt that that parasite could also be eradicated and eradicated from Cyprus, the Channel Islands and from 
for these to be a final termination to the harm that it Clare Island. 
causes by staining the wool, and the annoyance to the There is a great need for more effective propaganda. 
sheep through its skin piercing and blood sucking habits. This statement does not apply, however, to the use of 
There are also great possibilities of a considerable saving drugs which are in the hands of commercial firms who, so 
in connexion with the loss from itchy legs in heavy draught long as sales may be increased, can be relied upon to carry 
horses. This condition is almost entirely caused by mites out a wide and effective advertising campaign. Over the 
and is regarded as the most economically important dis- matter of total eradication, however, or the application of 
,~ase of heavy draught horses, because of the frequent in- control measures based on management, it is imperative 
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that steps should be taken to educate the public. A first 
step in this process is to convince the farming community 
of the loss that they sustain; and the second to convince 
them of the success of the method to be employed. The 
success of the Australian sheep scab eradication campaign 
was largely due to the appointment of sheep farmers who 
had actually been ruined by the disease to serve as special 
scab inspectors. These men had a most convincing ex
perience behind them, which they could use in persuasion; 
they were also given considerable authority, and where 
necessary could enforce the measures under pain of heavy 
penalty. It was a matter of first importance to Australia 
and public support was behind the effort. 

The importance of public support is also reflected in the 
apparent eradication of sarcoptic and psoroptic mange 
from horses in Britain. The horse must be a clean animal, 
the R.S.P.C.A. inspectors see that it is so and as a result 
any skin lesion is likely to be attended to. Not so the pig 
and the ox, however, which still have their mange acari. 

A most important point about the propaganda required 
for putting these measures into effect is that whoever is 
carrying out the publicity campaign should have personal 
experience, and there is much to be said for scientists 
occasionally leaving their laboratories and devoting them
selves for a few months to the popularizing of some econo
mically important advance with which they have personal
ly been concerned. The whole dairy-farming community 
in Britain was recently stirred by the educational campaign 
of a certain American physiologist who came on a lecture 
tour of some months duration, bringing with him a very 
excellent film. This laboratory investigator had done 
some good work in his laboratory, he made a good film 
and he came out to talk about it. The film alone would 
have done quite a good work, but the effect was tremen
dously enhanced by the personality of the man who had 
made it. He was talking about his own work, and he was 
therefore convincing. 

:\EED FOR CONTIXUITY 

Until their total eradication from Britain has been 
brought about, there can be no halt in the persistence of 
effort to control these parasitic diseases. A complete 
biological understanding can never be attained, and the 
adaptability of parasites to chemical substances employed 
for their destruction is likely to keep the chemists fully 
employed. As seen at the present time the position is such 
that the rate of discovery of new parasiticides may only 
just keep ahead of the rate of the development of drug 
resistant strains. It is a similar position to that of the 
plant breeders whose virus resistant strains maintain their 
lead over the adaptability of viruses or fungae only for a 
few years. Nevertheless, for the control of parasitic dis
ease among farm animals there is nothing quite so useful 
and nothing which so speedily brings great economic gain 
as a good, safe, cheap and easily applied parasiticide. 
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External Parasites of Livestock 
E. F. KNIPLI NG 

ABSTRACT 

Great progress has been made during recent years in controlling many of the external parasites of livestock. The 
advances for the most part have been due to improved chemicals and methods for their application. DDT, benzene 
hexachloride, toxaphene, methoxychlor, chlordane, TDE, and new pyrethrum insecticides are the most important new 
insecticides and acaricides currently in use or under experimentation for controlling ectoparasites. 

Although the new insecticides have resulted in improved control procedures for insects and related parasites at
tacking livestock, their widespread and extensive use have created new problems. The possibilities of harmful effects 
of the chemicals to the animals when they are applied and the potential hazards to consumers of animal products such as 
meat and milk containing small amounts of the chemical residues are of great significance. The development of strains 
of insects or ticks resistant to the chemical agents is also an important adverse development. 

There is need for further research in the field of veterinary entomology, especially on improved materials and meth
ods for their control, studies on the economic importance of various animal parasites, possibilities of eradication, toxico
logical investigations, and a study of the nature of resistance to chemical control agents which develops among animal 
parasites. 

Of the hundreds of species of arthropods that attack 
animals, many are of minor importance, whereas others 
seriously interfere with the production of livestock. Most 
of them cause damage by direct attack, but others, such as 

ticks (10)1 and tsetse flies (6), are of primary concern be
cause of the animal diseases they transmit. 

1 Numbers within-parentheses refer to items in the bibliography. 
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As a group the ectoparasites of livestock have exceeding
ly diverse life histories and habits. Furthermore, many 
kinds of host animals are involved, and various practices 
are followed in managing them on farms and ranches. 
Because of the many factors that must be considered, it is 
understandable that even though great progress has been 
made many questions relating to the control of animal 
parasites remain unanswered. The recent development of 
new insecticides and acaricides, and of improved equip
ment for applying them, has made possible satisfactory 
control measures for many important species attacking 
livestock. However, further research is needed to deter
mine how and under what conditions these measures will 
be most effective. 

The purpose of this paper is to review briefly some of 
the major advances that have been made in dealing with 
the external parasites of livestock, and to discuss some of 
the more urgent of the complex problems that may arise 
in our efforts to cope with these insects. 

Obviously in a report of this nature it is not practical to 
discuss these matters in detail or to give credit to the many 
investigators throughout the world who have made im
portant contributions to the science of veterinary ento
mology. However, several references dealing with the 
various topics are given at the end of this report. Some 
of them are referred to in the text. 

LOSSES CAUSED BY ARTHROPOD PARASITES 

One of the important aspects of the livestock parasite 
field is the question of losses caused directly or indirectly 
by the various species attacking livestock. In some areas 
parasites such as ticks and tsetse flies have greatly re
tarded, or even prevented, the development of the live
stock industry. For most species, however, we have little 
or no exact information as to what extent they influence 
animal growth or production and the quality of animal 
products. 

As there are few precise scientific data available upon 
which to base reliable estimates, any suggested figures on 
losses would, of course, be mere guesses. Nevertheless, 
such guesses have been made. In the United States, for 
example, yearly losses to the livestock industry due to in
sects and related parasites have been estimated at several 
hundred million dollars. This figure multiplied several 

KNIPLING 

National Livestock Loss Prevention Board of Chicago 
reported that one lot of grub-infested beef animals aver
aging 1245 lb. live weight was devaluated by an average 
of $43 per head because of damaged meat and hides. No 
accurate measure has been made of the damage caused to 
animals by annoyance of the heel flies when they attack 
cattle, or during the eight to ten months' period when the 
larvae are in the host. The human bot fly (Dermatobia 
hominis (L., Jr.)), a serious pest in parts of Central and 
South America, probably does more damage to livestock 
than the cattle grubs. 

Parasites of poultry, such as lice, are reported to be 
capable of decreasing egg production as much as 10 to 15 
per cent. Recently a member of the research staff of 
the U. S. Industrial Chemical Corporation of Baltimore, 
:Maryland, reported that heavy infestations of cattle lice 
reduced weight gains among cattle by as much as 70 lb. 
over a period of several months (22). 

Some of the blow flies, particularly the screw-worm 
(Callitroga americana (C. & P.)), cause a high percentage 
of loss among animals. In some sections of the South-west 
the losses of sheep and goats from death alone are esti
mated at 5 per cent annually. Although of relatively 
minor importance in the United States, the several species 
of wool maggots cause extremely heavy losses to the sheep 
industry in many parts of the world. In Australia it has 
been estimated that 50 per cent of the sheep in some areas 
would become infested if no control measures were under
taken. 

Little is known about losses caused by most of the lice, 
ticks, various species of blood-sucking flies such as the 
tabanids, mosquitoes, and black flies, and other parasites. 
In the aggregate, however, it is not unreasonable to esti
mate that all the external parasites combined cause an 
average loss of 5 per cent in the monetary value of the 
livestock industry through deaths of animals and de
creased production and devaluation of animal products. 
On this a..ssumption the annual losses in the United States 
due to external parasites of livestock would approach one 
billion dollars. As will be discussed later, there is an urgent 
need for a thorough study of the economic losses to the 
livestock industry caused by external parasites. 

NEW MATERIALS 

times would be a safe estimate for world losses. Until recent years livestock producers were largely de~ 
The writer believes that external parasites of livestock pendent on the arsenicals, rotenone, pyTethrum, and 

cause greater losses than is generally believed. In an in- sulphur for controlling the arthropod parasites attacking 
dustry of such monetary value as the entire livestock livestock. However, the new developed synthetics are 
interests, even a small percentage of deaths or a slight in- effective against a wide range of parasites, many of which 
terference in animal growth or in the production of milk, could not be controlled previously. 
fibre, and other animal products would amount to many The new insecticides currently available to the public 
millions of dollars. Recent studies conducted in the and of great interest in the field of veterinary entomology 
United States by the Department of Agriculture and are DDT, benzene hexachloride, chlordane, methoxychlor, 
several State experiment stations (15) show that high toxaphene, and TDE. Another group of compounds which 
populations of horn flies (Siphona irritans (L.)) alone act as synergists with pyrethrum, are also of interest. The 
decreased weight gains of beef cattle by as much as t lb. best known of these is piperonyl butoxide. The results of 
per day during the fly season. The Illinois Agricultural tests conducted with these materials against various in
Experiment Station (5) found that moderate infestations sects and ticks in the United States have recently been 
of the horn fly and the stable fly (Stomoxys calcitrans (L.)) summarized by the Bureau of Entomology and Plant 
decreased milk production by about 10 per cent. Various Quarantine (9). At present the widespread use of some of 
studies have also been conducted to determine the losses these materials is restricted because of possible toxicity 
caused by cattle (Hypoderma spp.). Recently the hazards either to animals or to man. The problems re-
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lating to the toxicity of these materials will be discussed in 
another section of this report, but their performance will 
first be briefly summarized. DDT has been used as a basis 
of comparison because of its extensive use in many parts 
of the world for controlling various external parasites. 
Benzene hexachloride 

Benzene hexachloride, which was first investigated in 
Great Britain and France, is highly effective against many 
species of insects, ticks and mites (1, 8, 9, 13, 17, 20, 21, 
23). Of the several insomers in the technical product, the 
gamma isomer is the most effective. Benzene hexachloride 
is far more toxic to most animal than the other 
new chlorinated hydrocarbon insecticides, but it is less 
persistent than DDT and most of the others. Because 
benzene hexachloride is effective for only a short time, it is 
of little practical value in controlling flies attacking live
stock although it shows considerable promise for the con
trol of house flies when employed as a residual spray in 
barns. 2 The sheep tick, and lice on cattle, sheep, goats 
and swine are effectively controlled with this insecticide. 
It is by far the most effective insecticide for killing all 
stages of ticks, but it does not prevent reinfestation so 
long as do some of the other new materials. Usually all 
stages of the ticks can be controlled with a concentration 
as low as 0.025 per cent of the gamma isomer. Up to 1.5 
per cent or more of DDT is required to kill engorged forms 
of some ticks, but a concentration as low as 0.5 per cent 
will provide considerable protection against reinfestation. 
For this reason combinations of DDT and benzene 
hexachloride show promise for tick control. Benzene 
hexachloride is also of great interest for controlling vari
ous species of mites on livestock, and is coming into ex-
tensive use mites on swine, cattle and sheep. 
Toxaphene 

Toxaphene, an insecticide recently developed in the 
Cnited shows exceptional promise for controlling 
many species of insects and ticks. Its residual toxicity is 
comparable with that of DDT for the control of horn flies. 
It is also of the same general order of effectiveness as 
DDT against lice on cattle, swine and goats, and ticks on 
sheep. However, the chief interest of toxaphene is in 
connexion with tick control, especially the cattle tick 
(Boophilus annulattts (Say)). It is intermediate between 
benzene hexachloride and DDT in killing engorged ticks, 
but its residual effect is at least equal to DDT against 
most species and superior to that insecticide against other 
species. A concentration of 0.5 per cent seems to kill most 
or all of the engorged ticks, and will usually provide good 
protection against reinfestation. Toxaphene is at least as 
effective as DDT in preventing wool maggot infestation in 
sheep. It also shows promise as an ingredient in prepa
rations for the prevention and treatment of screw-worm 
infestations. 
Chlordane 

At equal concentrations chlordane and DDT have given 
similar control of hom flies, and of lice on cattle, swine 
and goats (9). Against the sheep tick, when used as a dip 
or spray, chlordane is superior to DDT and at least equal 

2 The Bureau of Entomology and Plant Quarantine has recently 
recommended pure gamma benzine hexachloride, now known by 
the common name of lindane, as a residual spray for fly control in 
dairy barns. 
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to benzene hexachloride. Although chlordane has not 
been tested so extensively as toxaphene, the two materials 
are of the same general order of effectiveness against ticks 
when they are applied as a 0.5 per cent spray. Chlordane 
is not so long-lasting as DDT against normal house 
but DDT-resistant house flies (11.1usca domestica L.) are 
more susceptible to chlordane than to DDT. 

Methoxychlor 

Methoxychlor, a chemical related to DDT, has come in
to prominence because of its low order of toxicity to 
animals. Although in general it not so effective as the 
insecticides already discussed, it is especially promising 
when used as a 0.5 per cent spray and proved about equal 
to DDT at the same concentration for controlling horn 
flies, stable flies, and lice on cattle (9). Methoxychlor has 
also controlled DDT-resistant house flies in some areas. It 
is now recommended as a replacement for DDT for con
trolling flies on dairy cattle and in dairy barns in the 
United States. 

TDE 
TDE, another insecticide chemically related to DDT, is 

about equal to methoxychlor for controlling flies and lice 
on cattle when used at equal concentrations in sprays (9). 

New pyrethrum synergists 
During recent years a number of compounds have been 

developed which are especially useful when used in combi
nation with pyrethrins. Such compounds are commonly 
called synergists. Piperonyl butoxide, piperonyl cy
clonene, propyl isome and sesamin are the best known of 
this group. Most investigations against livestock pests 
have been conducted v.rith piperonyl butoxide. This ma
terial greatly increases the kill of some insects, especially 
house flies, when it is used with pyrethrins at a ratio of 
10 to 1 and often prolongs the effect of the pyrethrum. 
Although rather expensive for general use against live
stock insects, this combination is of special interest for 
contro!ling horn flies, stable lice and tabanids on 
dairy cattle. Pyrethrum insecticides are still the most 
rapid-acting of the insecticides in use today, and pyre
thrins alone or in combination with the compounds 
mentioned are of a low order of toxicity to higher animals. 

Other new insecticides 
A number of other new insecticides are available which 

may find a place in the field of livestock pest control. 
Among those being investigated by the Bureau of En
tomology and Plant Quarantine are parathion, heptachlor 
and Julius Hyman Company's compounds Nos. 497 (1, 2, 
3, 4, 10, 10-hexachloro-6, 7-epoxy-1, 4, 4a, 5, 6, 7, 8, 8a
octahydro-1, 4, 5, 8-diendomethano naphthalene) and 118 
(1, 2, 3, 4, 10, 10-hexachloro-1: 4, 5: 8-diendomethano-1, 
4, 4a, 5, 8, 8a-hexahydronaphthalene). Little is known 
about the toxicity of these compounds to livestock, but 
preliminary tests indicate that they are effective in
secticides and acaricides. 

Recently the Bureau of Entomology and Plant Quaran
tine announced the synthesis of pyrethrin-like compounds 
that have shown insecticidal activity comparable with or 
superior to that of the natural product. The possibility of 
their commercial production is now being investigated. 
Should these products become available at a price much 
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lower than the naturally occurring pyrethrins, their use
fulness in controlling external para.-;ites of livestock would 
be greatly extended. 

EQUIPMENT 

Control operations for external parasites have been 
undertaken more extensively since the development of 
mobile power spray equipment. Power sprayers largely 
replaced other methods for controlling cattle grubs in the 
United States even before the new insecticides were de
veloped. During recent years, however, power sprayers 
have come into extensive use for controlling flies on cattle, 
lice on all kinds of livestock, ticks, and even the sheep 
tick. The power units vary from small units developing 
pressures of 30 lb. per sq. in. to large machines developing 
pressures up to 600 lb. 

Equipment of this nature has in great part been re
sponsible for the more wide-spread use of insect control 
measures, particularly on range cattle. However, even 
with the new highly effective insecticides, it is doubtful 
whether some of the parasites, such as lice, ticks and sheep 
ticks, can be completely eliminated from animal herds in 
actual control operations. Animals usually require more 
frequent treatments when they are sprayed than when 
they are dipped. 

TOXICOLOGY OF IKSECTICIDES 

The development of the new insecticides and their 
wide-spread use under many conditions are causing in
creased concern because of the harmful effects on man and 
animals that might result. The acute or chronic toxic 
effect on the animals of the newer insecticides and acari
cides is an important consideration. A problem of even 
greater concern to toxicologists, however, is the potential 
hazard to consumers of animal products from livestock 
that have been treated with insecticides. Most of the 
chlorinated hydrocarbon insecticides are absorbed through 
the skin of animals and stored in animal tissues, especially 
the fat. When DDT and TDE have been applied on cattle, 
some of the insecticide has appeared in the milk (7, ll). 
Although additional research is needed on many aspects 
of the toxicity of insecticides, some general statements 
regarding developments in this field follow. 

A cute toxicity to livestock 

From the standpoint of acute toxicity, DDT, TDE, and 
methoxychlor are relatively harmless to livestock when 
applied externally. They can be applied as single doses or 
repeatedly at concentrations greatly in excess of those 
required for pest control without producing gross toxic 
symptoms. Often the solvents used in formulations are 
more harmful than the insecticides themselves. 

KNIPLING 

powders, suspensions or emulsions, although in general 
the wettable powders are the least toxic. • 

Because certain classes of livestock might be harmed by 
these materials, their use is not generally recommended at 
present. Little is known about the stability of various 
formulations of these insecticides while in storage or in 
dipping vats and their miscibility in various types of 
water. However, it is believed that as more information is 
developed these materials can eventually be employed 
safely against livestock pests. 

Secretion of chemicals in milk 

As the diet of many individuals, especially children, 
consists largely of milk, toxicologists look upon the pre
sence of chemicals in milk with great concern. It has been 
shown that an average of about 0.25 to 1.0 parts per 
million of DDT is secreted in the milk of cows treated with 
0.5 per cent DDT wettable powder or emulsion sprays at 
about one-month intervals, as practised for fly control. 
The maximum occurring within the first few days after 
application of the insecticide may exceed 2 parts per mil
lion. It has also been shown that milk may become con
taminated \vith DDT or TDE when these insecticides are 
applied in the usual manner, i.e., as a residual spray in 
dairy barns for fly control (9). The contamination may 
amount to as much as 1 part per million of DDT, but the 
average is only about 0.1 part per million. Further 
studies are under way to determine whether this slight 
contamination can be avoided by careful application of 
the insecticide. 

Because the quantities of the chemicals found in milk 
from treated animals have been judged by the Food and 
Drug Administration to be a potential hazard to con
sumers, the Bureau of Entomology and Plant Quarantine 
has recommended that DDT and TDE not be applied to 
animals producing milk for human consumption or in 
dairy barns or milk-processing plants. Since there is still 
some question regarding the hazard of benzene hexachlo
ride, chlordane and toxaphene when these materials are 
applied to dairy animals or in dairy barns, they are like
wise not recommended for such uses. However, metho
xychlor, which is perhaps the least toxic of the new in
secticides to man and animals, has not been found in milk 
when used for insect control. Therefore, this material and 
pyrethrum insecticides are recommended for the control of 
insects on milk cows and in dairy barns. 

All the chlorinated hydrocarbon insecticides have been 
shown to be absorbed and stored in fatty tissues when 
applied to cattle in large amounts. Studies are under way 
to determine the quantities stored in tissues when amounts 
generally recommended for the control of external para
sites are applied. 

Benzene hexachloride, chlordane and toxaphene, how-
ever, are highly toxic to certain animals. Calves less than :MAJOR RESEARCH PROBLEMS 

three months old are about eight times as susceptible to Afore eUective materials and methods 
these materials as cattle of a year or older (18). Tests have Although great progress has been made in controlling 
shown that thorough applications might cause toxic many of the important external parasites of livestock, it is 
symptoms, or even death, among a small percentage of apparent that improvements are needed. A number of the 
calves treated with 1 per cent toxaphene or chlordane or more important parasites cannot now be controlled in a 
0.05 per cent gamma benzene hexachloride. Contrary to satisfactory manner, especially the human bot, tabanids 
earlier beliefs, there is no great difference in the acute and tsetse flies, and to a lesser extent cattle grubs, screw
toxicity of these materials when employed as wettable worm flies, black flies and certain ticks. M:uch remains to 

491 



UNSCCUR PROCEEDINGS: LAND RESOURCES 

be done to determine the relative effectiveness of currently 
available materials and how to employ them most effec
tively tor the control of many parasites in various parts of 
the world. Much improvement could no doubt be made by 
developing formulations having maximum effectiveness 
and economy. 

Undoubtedly other new chemicals will be developed 
that will be more effective and more practical than any of 
those available at present. The search for such materials 
should continue, and adequate research facilities should 
be encouraged by the livestock industry so that such 
materials can be adequately studied and developed for 
practical use. 

Toxicological investigations 

Most of the uncertainties regarding the hazards con
nected with the use of insecticides available today are due 
to inadequate research facilities. Basic studies on the 
toxicity of chemicals to laboratory animals exposed to 
them are necessary and helpful, but adequate provisions 
for studies on livestock must also be made so that the 
many complex problems of a toxicological nature arising 
when chemicals are used in practical control of animal 
parasites can be investigated. 

To protect the livestock industry and the public, and to 
guide research workers, it is essential that toxicological 
studies on new insecticides and acaricides be initiated be
fore rather than after they have come into extensive use. 
Not only are there potential hazards in connexion with 
the use of materials of unknown toxicity to animals, but 
in some cases the wide-spread use of safe materials is 
discouraged because of lack of information relating to 
their toxicity and how they might be employed without 
hazards. 

Studies on losses 
As pointed out in the foregoing discussion, reliable data 

are not available on the question of losses caused by most 
external parasites. There are probably few, if any, in
dustries which are so lacking in precise information rela
tive to losses caused by insects and related pests as the 
livestock industry. No doubt the principal reason for 
this absence of reliable data upon which to calculate losses 
to the industry is the difficulty of obtaining such infor
mation. Surveys and carefully controlled experiments 
should be made to determine the damage caused to vari
ous livestock and livestock products by parasites and also 
to determine what profits are derived from applying con
trol measures. Such information will prove valuable for 
educational purposes and will serve as an important guide 
for research workers who might wish to undertake in
vestigations on the most important problems. 

Studies on feasibility of eradication or co-ordinated control 
programme 

Most emphasis in the past has been placed on develop
ing control measures which the individual farmer or ranch 
owner can employ to solve his animal-parasite problems. 
Some of the currently available materials and methods 
are highly effective in controlling several of the animal 
parasites. In fact, there is every reason to believe that 
some insecticide formulations now known and available 
would completely eliminate the following parasites with 
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two or three thorough, properly timed treatments: All 
species of lice attacking cattle, sheep, goats, and swine; 
the sheep tick; the horn fly; and no doubt several of the 
mites. The cattle tick was eradicated from most of the 
Cnited States with an arsenical dip, a tick-killing agent 
much less effective than several known today. Theoreti
cally, there seems to be no justification for permitting the 
above-mentioned parasites to exist in any area where ani
mals are under reasonable control and can be readily 
treated. 

However, before such a programme is undertaken, large
scale experimental projects should be conducted to de
monstrate whether eradication can be accomplished. The 
Congress of the United States recently authorized such a 
project in connexion with the control of cattle grubs. On 
the basis of current information, the parasites listed above 
could probably be eradicated much more easily and at less 
cost than the cattle grub. The continued individual 
efforts of only a few livestock growers will mean continued 
losses caused by the parasites involved, and in time far 
greater expenditure for labour, materials, and equipment. 
Furthermore, such procedure are likely to lead to the 
development of strains of parasites resistant to the chemic
als used for their control. 

Studies on parasites resistant to insecticides 

The rapid and dramatic development of strains of the 
house flv resistant to DDT has shocked all those con
cerned ~ith the control of insects and related parasites. 
Although it was known that insects and ticks had become 
resistant to chemical agents such as arsenicals over a 
period of years, few, if any, workers expected this to 
happen in a matter of two or three years, as in the case of 
the DDT-resistant house flies. Furthermore, it is unlikely 
that anyone expected strains to develop that would re
quire several hundred times the dosage of an insecticide 
used to kill the non-resistant insects. This magnitude of 
resistance, from a practical viewpoint, can be considered 
almost complete immunity. 

Reports of DDT-resistant mosquitoes have come from 
Europe, of benzene hexachloride-resistant ticks from 
Africa, and of strains of house flies resistant to chlordane 
and benzene hexachloride from the United States. There
fore, it is not unreasonable to expect the development of 
strains of insects resistant to other chemicals. 

In view of the significance of the resistance problem, it 
should be thoroughly investigated. Basic studies on phy
siology and genetics in relation to the problem are needed. 
Substitute materials are now urgently needed for con
trolling house flies resistant to DDT. To avoid such occur
rences in the future, investigations should be conducted, if 
possible, to determine in advance whether some of the 
more important external parasites of livestock are likely 
to become resistant to specific insecticides used for their 
control, and to study ways and means of decreasing the 
chances of such occurrences. 
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MINISTRY OF AGRICULTURE, ARGENTINE REPUBLIC 

QUARANTINE AS A MEASURE FOR PREVENTING THE 

INTRODUCTION OF DISEASES 

The veterinary examination of the individuals of vari
ous species introduced into Argentina takes place in the 
Quarantine Lazaret, where clinical examinations, autop
sies and diagnostic tests are carried out in order to deter
mine the possible presence of infectious-contagious or 
parasitic diseases in the imported animals. 

In addition to diagnostic tests, other preventive meas
ures are employed: thermometric tests, anti-anthrax vac
cination and the use of anti-foot-and-mouth serum (for 
cattle) and anti-anthrax serum (for sheep). 

In addition to this work, which is carried out on the 
premises of the Quarantine Lazaret in the port of Buenos 
Aires, there is also, on certain occasions, a preliminary 
examination on board ships in the roadstead or the port of 
Buenos Aires and at the airport or seaplane base of 
Greater Buenos Aires. 

At the same time a record is kept of the medical state of 
animals in various countries, by means of reports supplied 
by Argentine consulates. 

The quarantine system has prevented the introduction 
of animals suffering from the following diseases: brucel
iosis of cattle, pullorum disease, tuberculosis of cattle, 
foot-and-mouth disease, utero-vaginal streptococcic in
fection in equines, infestation of cattle and equines with 

1 Original text: Spanish. 
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lice (Trichodectes and Haematopinus) and external phyto
parasitosis (ringworm) of cattle. 

Argentine experts therefore report: 
I. That the operation of the Quarantine Lazaret, sup

ported by adequate statutory veterinary police regula
tions, effectively protects local stock-raising against the 
possible introduction of animals suffering from various 
bacterial or parasitic diseases. 

PREVENTIO)[ OF DUMB RABIES l)[ CATTLE 

The prevention of dumb rabies in cattle in the northern 
zone of Argentina is based on systematic vaccination 
carried out and checked by official veterinary surgeons, 
using vaccine prepared by technical subsidiaries of the 
Ministry of Agriculture. 

Effective results have been obtained in this campaign, 
and the danger which the spread of this disease represents 
has been largely averted. 

In the last five years more than 300,000 head of cattle 
have been vaccinated, with good results which speak well 
for the quality of the vaccine used. 

Argentine experts therefore report: 
I. That the systematic vaccination of cattle has re

sulted in a notic~able reduction in the incidence of dumb 
rabies in cattle in northern Argentina; 

II. That the vaccine prepared by the specialized State 
bodies has shown a high degree of preventive efficacy. 
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PREVENTIO" OF FOOT-AXD-l\IOUTH DISEASE 

The prevention of foot-and-mouth disease in Argentina 
is based on the sanitary inspection of commercial and in
dustrial livestock establishments, the control of livestock 
movements and the vaccination of livestock with types of 
polyvalent subcutaneous and intradermic vaccines pre
pared with aluminium hydroxide and formaldehyde. 

The number of animals immunized in 1948 may be 
reckoned at 4,500,000, particularly dairy and herd cattle 
and cattle for winter fattening. 

The various technical bodies of the State control the 
preventive measures for use in the campaign and check the 
therapeutic value of the preventive and curative pre
parations. 

The system of voluntary vaccination is giving satis
factory results, and the State has already taken pre
liminary steps for the development of anti-foot-and-mouth 
vaccines to be used preferably in the official campaigns. 

In view of the nature of large-scale stock-raising as 
practised in Argentina, prevention takes on standard 
forms, though its complete success will depend on the 
elucidation of a number of local factors that have not yet 
been completely investigated. 

Argentine experts therefore report: 

I. That the prevention of foot-and-mouth disease in 
local large-scale stock-raising by means of subcutaneous 
and intradermic vaccination is giving promising results; 

II. That a strict official control of all preventive 
measures, in particular the degree of therapeutic efficiency 
of the vaccines used, is indispensable; 

III. That all local factors connected with the types 
and geographic distribution of viruses, and also the bio
logical and chemical properties of the vaccines, should be 
thoroughly studied with a view to the effective im
munizing power and perfect conservation of the vaccines. 

PREVENTION OF BRUCELLOSIS IN CATTLE 

The plan for the prevention of brucellosis in cattle in
cludes the voluntary registration of all establishments 
wishing to combat this disease under official instructions 
and with the advice of State experts. 

The measures used consist in the determination of the 
number of animals showing a positive reaction in each 
registered stock-raising establishment, with a view to 
ascertaining the incidence of the disease, followed by the 
vaccination of all calves with Brucella abortus Strain 19. 

The vaccinated calves are identified by means of special 
markings tattooed on their ears, which also bear the mark 
of each stock-raising establishment. At the same time the 
relevant vaccination certificate is issued to the establish
ment, thus obviating the inconvenience incidental to 
vaccination in commercial transactions, especially export. 

The present preventive treatment is scientifically based 
on the effective immunization achieved by vaccinating 
calves with Strain 19. The treatment is confined to the 
calves, as the post-vaccination reactions disappear within 
a year, whereas in adult animals, though the vaccine is 
equally effective, the subsequent reactions continue for a 
long time. 

Argentine experts therejore report: 

I. That the official plan for brucellosis prophylaxis 
which is optional for the stock-raiser is developing satis
factorily; 

II. That the vaccination of all calves with Strain 19 is 
the most effective procedure for local conditions; 

III. That the vaccinated animals should be identified 
and registered so that their post-vaccination reactions 
may be noted. 

CAMPAIGN AGAINST CATTLE TICKS 

The method of systematic periodic dipping is used in 
Argentina in the preventive action against cattle ticks. 

In addition to the acaricide dips, there are inspections 
of stock-raising establishments and herds in transit in 
order to clear the campaign areas and to preserve the 
immunity of the tick-free areas. A further recommen
dation is to plough up and burn the camp, according to 
the season of the year. 

For the purposes of the campaign against Boophilus 
microplus, Argentina is divided into immune or clear zones 
and campaign zones-intermediate and infested. 

The application of Acts No. 3,959 to issue Animal 
Health Regulations, and No. 12,566 respecting the Com
pulsory Anti-Tick Campaign has up to date given results 
which must be accounted satisfactory. 

Argentine experts therefore report: 

I. That the division of Argentina into zones, according 
to the absence or degree of infestation, has given satis
factory results in the anti-tick campaign; 

II. That, in addition to dipping, there should be sani
tary inspection of livestock establishments and control of 
herd movements; 

III. That the use of new acaricide preparations based 
on benzene hexachloride, though recent, promises well and 
has given good results. 

PREVENTIVE ACTIOX AGAINST TAPEWORM 

Preventive action against tapeworm infestation in Ar
gentina is governed by a special law, Act. No. 12,732. 

A wide survey of local zones of infestation has been 
carried out; the first tests of preventive treatment were 
made in the foothill regions of the territories of Rio Negro 
and Chubut in 1945 and 1946, and have since been ex
tended to other parts of the country. 

Those campaigns begin with the dissemination of in
formation to school children and the general public con
cerning the danger and seriousness of tapeworm infes
tation; the inhabitants are then called to attend at a 
meeting with their dogs after handing in a sworn decla
ration of ownership. 

The dogs are treated with arecoline hydrobromide and 
then marked and given dog tags. 

In addition to treatment of the dogs for parasites, the 
campaign includes the prophylactic inspection of rural 
slaughter-houses. 

A rgent1:ne experts therefore report: 
I. That the campaign against tapeworm which in

cludes anti-parasite treatment of the dogs with arecoline 
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hydrobromide and also sanitary measures in rural slaugh
ter-houses has given satisfactory results; 

II. That the success of preventive action calls for a 
large-scale educative campaign amongst the inhabitants 
of the affected zones; 

III. That films and lectures as means of dissemination 
in the schools give excellent educative results. 

ANTI-SCAB CAMPAIGN 

The campaign against scab in Argentina consists in the 
main of three compulsory dippings after shearing, with an 
interval of three days between each. 

Committees of local stock-breeders co-operate in the 
registration of these dippings and thus there is a systematic 
check on possible infractions of the provisions in force for 
areas declared campaign areas. 

This dipping is feasible in virtue of the statutory pro
visions which make the installation of dipping vats com
pulsory in each stock-raising or transit establishment. 

Summary of Discussion 
Mr. HAliDWND summarized the paper submitted by Mr. 

Stableforth on "Prevention of Introduction and Control 
of Spread of Infectious Diseases in Great Britain". 

Infectious diseases amongst animals caused great loss 
in most countries and wider use of proved preventive or 
curative measures would quickly and amply repay costs. 
Owing to the large investments in pedigree stock, the 
United Kingdom was anxious to prevent the importation 
of new diseases and to that end had instituted stringent 
control measures which had given satisfactory results. 

Various animal diseases, such as bovine mastitis, tuber
culosis, brucellosis and Newcastle disease were described 
in the paper. The last mentioned disease attacked poultry 
and had reappeared in the United Kingdom in 1947 
through the large-scale importation of table poultry. The 
measures taken to control the spread of disease included 
vaccination, dipping and quarantining of the infected 
animals. 

The CHAIRMAN summarized the paper submitted by Mr. 
:V1inett, which dealt with the general subject of livestock 
diseases and pests. The author, who was Animal Hus
bandry Commissioner of Pakistan, had undertaken astudy 
with a view to determining the losses caused by livestock 
diseases and pests. Such losses, in Mr. Minett's view, were 
too high, and many of them were preventable through 
adequate sanitary control, treatment and the elimination 
of mismanagement. He outlined preventive measures 
falling into the category of short-term projects, such as 
countrywide campaign against rinderpest by immuni
zation and quarantine and a greatly extended use of 
standardized biological agents. He also referred in his 
paper to some of the difficulties which were seriously 
hampering progres.-; in under-developed territories; in his 
view, the main problem was a lack of man-power. 

Mr. G. H. HART summarized his paper on "Conser
vation of Livestock Resources by Control of Disease". 

SUMMARY OF DISCUSSION 

The specialized bodies constantly check the effective
ness of the anti-scab dips-a point of the greatest impor
tance for the successful prevention of this form of ecto
parasitosis. 

Stock-raisers who fail to comply with the provisions of 
the anti-scab campaign render themselves liable to fines 
on a progressive scale. These rules have given very satis
factory results in recent years in the eradication of scab. 

Argentine experts therefore report: 

I. That the anti-scab campaign based on three post
shearing dips with a ten-day interval between each is 
giving excellent results; 

II. That the compulsory construction of vats and the 
control of stock-raising establishments and of animal 
movements are indispensable; 

III. That a constant official supervision of anti-scab 
dips, inspection of dipping and the application of suitable 
fines to stock-owners who fail to comply with the preven
tive regulations in force are also indispensable. 

A basic premise was the development of animal pro
duction proficiency through animal well-being. That 
could be attained by ensuring that domestic animals, of 
whatever species, were in tune with their environment. 
As an example, he cited the export of Hereford cattle 
from the United Kingdom to Argentina, where they soon 
equalled or surpassed the quality of the breed in its native 
land. By contrast, European breeds imported to the 
South African veldt regressed because of multiple en
vironmental limitations. 

Turning to the general problem of disease, he said that 
the efficiency of animal disease control, like public health 
in human populations, was an index of the enlightenment 
of a people. He cited several cases where the complete 
eradication of some livestock diseases had been brought 
about through an enlightened policy energetically carried 
out. 

The CHAIRMAN drew attention to the paper by Mr. 
M. Christiansen. In the absence of the author, this paper, 
which had been distributed, would be considered as read. 

The Chairman also drew attention to a paper on "Meas
ures to Protect the Health of Argentine Cattle", which had 
been prepared by the Argentine :Ministry of Agriculture 
and Livestock. This paper had been received too late to 
be reproduced. 

Mr. FOSTER summarized his paper on" Internal Parasites 
of Livestock". 

Food animals of all classes were insidiously ravaged by 
internal parasites of great variety and abundance. The 
principal types of parasites, with a few exceptions such as 
trypanosomes, were of world-wide distribution. The eco
nomic loss caused by them was manifested chiefly in 
retardation of growth, and was largely preventable by 
methods of parasite-control which had been developed 
during the previous decade. 
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:Measures for the control of parasites and parasitic 
diseases, including the adjuvant use of specific medica
ments, should be generally adopted, and particular empha
sis should be laid on all-round good management, feeding 
and surveillance. 

Mr. HA1L\!O~D summarized j,fr. Taylor's paper on "Inter
nal and External Parasites of Livestock". 

Many of the diseases which were the most serious from 
the economic point of view were caused by parasites other 
than bacteria. Occasional opportunities offered for accu
rate observation showed the losses to be very great, but 
no machinery existed whereby the whole loss could be 
estimated. 

Advances in epidemiology had facilitated the control of 
many of the worm diseases of stock, but the need for 
efficient propaganda remained very obvious. Where drugs 
were concerned, the propaganda of commercial firms was 
effective, but the propaganda for control by other means 
was inadequate and it was desirable that research workers 
themselves should take a greater part in that educational 
aspect of the application of their work. 

Mr. KNIPLI~Gpresented his paper on "External Parasites 
of Livestock". 

stated that certain insecticides such as DDT, chlordane 
and benzene-hexachloride, when applied not to the ani
mals but rather to the soil directly, had proved very effec
tive in checking parasitic attacks. However, in view of 
the fact that two pounds of insecticide were required for a 

acre, it would hardly be practical to apply it, for the 
protection of livestock, to large areas of grazing-land. On 
the other hand, ground application in places where humans 
were exposed to ticks would be worthwhile. 

The CHAIRMAN drew attention to the paper on "Live
stock Diseases and Pests" submitted by the Ministry of 
Agriculture and Livestock of Argentina. This paper had 
been received too late to be reproduced. 

Mr. RHOAD described the experiments carried out in 
Costa Rica in the use of new insecticides to control exter
nal parasites. A systematic programme had resulted in a 
substantial reduction in their number. It was important 
to note, in that connexion, that a marked difference 
existed in the degree and rate of infestation between ani
mals adapted to tropical conditions and those which were 
not. European cattle breeds, for example, showed a very 
high mortality rate from parasitic attack, while locally
bred cattle and livestock imported from tropical regions 
resisted infestation. It could thus he noted that a direct 
relation existed between the adaptability of livestock to 
environment and parasitic infestation. Since the 
resistance of various livestock breeds was difficult to 
determine, the factor of adaptability, which had been 
measured by experiment, should be given full importance. 

Mr. 0RELLANO A. suggested that the work done in vari
ous countries on the control of animal diseases should be 
co-ordinated and made known through the medium of 
United Nations publications. 

After reviewing the major advances made in dealing 
with the problem, he commented specifically on the diffi
culties arising from the application of new insecticides 
without prior knowledge of the hazards involved. :VIuch 
research remained to be done on the properties of those 
compounds, their relative effectiveness and their possible 
toxic effects both on the animals themselves and on the 
quality of animal products. Moreover, reliable data on the 
importance of various parasites would be very useful for 
the guidance of research workers as well as farmers. The 
latter, by a common effort, could promote the control of a 
number of the best known livestock by the use Mr. GUILLAUME stressed the importance of bearing in 

mind the relation between soil conditions and animal of currently available methods and materials. 
husbandry. In parts of Africa, for example, the excessive 

Mr. DovE felt that not enough emphasis had been cattle population had been a direct contributory cause of 
placed on the need for combining the use of chemical soil erosion. The slightest relaxation in pest and parasitic 
compounds with proper management, good breeding control measures gave rise to epidemics. 
practices and sanitation in order to check parasites most Mr. Guillaume agreed that locally-bred cattle were 
effectively. The work of parasitologists and toxicologists better adapted to withstand disease. They had survived 
should be co-ordinated in every instance with the good as a result of the process of natural selection. Cross
principles of management and hygiene. For example, the breeding with non-local types tended to weaken their 
rotation of cattle from low to higher pasture lands had natural resistance. A balance had to be maintained be
been found to be effective in reducing the degree of in- tween the number of cattle surviving the struggle against 
festation of stomach worms in sheep and similar rotations pests and parasites and the conservation of the soiL That 
in pastures have reduced infestations of ticks on livestock. could be achieved by more economic management which 

Mr. GALLEY stressed the value of an efficient advisory would avoid overloading the land with an excessive live
or extension service to give advice about and to de- stock population and would provide cattle with larger 
monstrate the latest methods of pest control for the pro- areas of grazing-land by the introduction of water in arid 
tection of both plants and animals. Losses would thus be areas and the raising of fodder plants for the dry season. 

reduced. On one farm in the United Kingdom sheep The CHAIR)fAN commented on the virtual disappearance 
spraying and dipping had been so effective that the farm of sheep in Western Europe in the course of the preceding 
had become unsuitable for further experiments as the tick hundred years. Since 1860, the number of sheep in France 
population had been reduced to negligible proportions. had fallen from 40 million to barely 7 million. An im-

In connexion with the question of the growing resistance portant cause, particularly in France, had been the de
of various pests and parasites to insecticides, Mr. Galley velopment of parasites. The resulting diseases, fascioliasis 
suggested that such immunity might be checked by ro- and pulmonary and intestinal strongyloses had been 
tating the compounds used each year. fought effectively with carbon tetrachloride, creosote and 

In reply to a question from Mr. Galley, Mr. KNIPLING copper arsenic treatment. Those compounds were cur-
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rently in general use. Increasing immunity to DDT, or 
what might be the inferior quality of the compound, had 
resulted in its replacement by other drugs for direct 
~praying of animals. DDT continued to be used effective
ly, however, for disinfecting stables. 

Mr. HA:>.iMOND had found from his experience in New 
Zealand that adult sheep were far less susceptible to at
tacks of stomach worms than young ones. If young sheep 
were well nourished, however, there was no incidence of 
the disease. When the young lamb had not received 
enough milk from the ewe, phenothiazine had been used 
with excellent results after the period of weaning. 

Miss LEITCH emphasized the relationship between nu
trition and susceptibility to infectious disease. Experi
ments performed in Aberdeen, Scotland, indicated that 
certain differences between diet, even between good diets, 
influenced the degree of resistance developed. The exact 
nature of those differences remained to be determined. 
The negative results of much of the earlier work could be 
explained by the fact that the experiments had been con
fmed to a single generation, or a single season. More 
definite results appeared in the second or third generation, 
or after two or three years. There was reason to believe 
that the giving of protein supplements increased the 
resistance of sheep on poor hill pasture to parasitic in
festation and might affect the incidence and severity of 
certain infections. 

Mr. BnL confirmed the importance of nutrition and the 
effectiveness of rotation of livestock and pasture lands. 
In Australia, the method of rotating stock, on the one hand, 
and grasslands and crops, on the other, had contributed to 
checking animal diseases. 

Mr. FATHY reverted to the question of penetration of 
DDT through the fatty tissue of cows and hence the pre
sence of that insecticide in milk. He observed that the 
evidence obtained thus far by analytical methods might 
be open to question. He was not certain that the sole 
source of the chlorine contained in the milk of animals 
which had been sprayed with DDT was in effect para-para 
DDT. His doubt arose from the fact that when the DDT 
extracted by analysis from that milk had been applied 
to mosquito larvae, it had not yielded positive toxic re
sults. It had not had the destructive effect demonstrated 
by applications of ordinary DDT. 

}fr. KNIPLING replied that a specific chemical method 
had been developed for DDT which was not based on 
organic chlorine compounds. The method had proved 
extremely accurate when applied to milk. The question 
whether the chlorine found in milk was actually DDT had 
been the subject of an investigation. A dairy animal had 

SUMMARY OF DISCUSSION 

could be the poor nutrition of livestock, since the feeding 
of the mother during the last six weeks of pregnancy had a 
most marked effect on the vigour of the young. New-born 
twins were usually found to be weak. Fertility could be 
pushed too far, as had been shown in the case of sheep
raising in poor nutrition areas of the United Kingdom and 
Australia. 

Mr. MORRISON observed that experiments carried out in 
some parts of the United States had disclosed that while 
pasture rotation was important in eliminating internal 
parasites of sheep, medication was still necessary. Sheep 
should be treated before going out to pasture and a 
phenothiazine salt mixture should be supplied throughout 
the grazing season. 

Mr. GALLEY wished to point out, in connexion with Mr. 
Knipling's remarks on analytical methods for insecticides, 
that while it was true that in the case of DDT such accu
rate and specific methods had been developed, the position 
was not the same for other insecticides. It was therefore 
necessary to develop specific analytical methods for in
secticides other than DDT. 

Mr. CLAY stressed the importance of organizing the live
stock industry in under-developed countries in such a way 
as to control epidemics of diseases such as the rinderpest. 

A concerted drive in Africa had resulted in the virtual 
elimination of that disease in South Africa and the Rho
desias. That proved that an intensive drive on an inter
national level could cause the elimination of the disease 
from the entire African continent. The main difficulty in 
under-developed countries was inability to apply" the 
methods used in highly developed countries, owing to lack 
of technical staff and other factors. There was an acute 
need for technical assistance which could be supplied by 
an Organization such as the United Nations or by the 
more highly developed countries themselves. 

Mr. Clay wished also to emphasize the importance of 
livestock management in the control of internal and exter
nal parasites. If any successful results were to be achieved 
in that field, the traditional pattern of management by the 
individual peasant must be abandoned. A village unit 
under the control of specialists with management of a 
group herd as the function of one man would lead to a 
higher yield in animal production. 

With reference to the tolerance of animals to blood 
parasites, Mr. Clay pointed out that in West Africa ani
mals of the non-zebu type, such as the shorthorn, showed 
tolerance to the tsetse fly and the trypanosomiasis. He 
wished to know whether any study had been made as to 
the causes of tolerance. Was it caused by the composition 
of the serum? 

been fed high doses of DDT, which had then been ex- Mr. 0RPDI confirmed the fact that the rinderpest had 
tracted in pure form from the animals' milk. The DDT been eliminated from South Africa. A curious incident, as 
had been tested against flies, together with an original yet unexplained scientifically, had occurred in that conn
sample of the insecticide, and had been found to be just as try. In 1896 a terrible epidemic of rinderpest had broken 
effective, showing the same amount of DDT activity. out in South Africa, after which the tsetse fly had com
When tested against insects DDT was not as toxic in milk, pletely disappeared from the area now known "as the Kru
however, as when it was added to water. ger National Park. He wished to know whether that had 

Mr. HAMMOND had been struck by the references in l\Ir. happened in any other country. 
}iinett's paper to the high rate of mortality among young Mr. DE LA TORRE pointed out that considerable atten
animals in India. He felt that, in certain areas, the reason tion had been given to parasites of domestic livestock, yet 
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parasites of fur game had scarcely been dealt with. Fur 
game was an important economic factor, yet the chinchilla 
had almost become extinct at one time as a result of dis
eases caused by parasites. Research on fur game parasites 
should be stimulated. 

The CHAIRMAN wished to emphasize the relationship be
tween animal and human diseases, such as tuberculosis. 
The digestive tract was a more important channel of dis
ease transmission than the respiratory tract. 

Among the animal diseases transmissible to man was 
Malta fever (undulant fever), prevalent in goat-raising 
areas. 

The Chairman supported Mr. Hammond's view as to the 
need for proper feeding of ewes in the last stages of 
pregnancy. However, the high rate of mortality among 
young animals might also be due to poor sanitary con
ditions, septicaemia being present even in highly developed 
countries. 

With regard to parasite tolerance among animals, 
breeds in a given area showed varying of resistance 
to parasites. An experiment carried out in France with 
three breeds of sheep living in exactly the same conditions 
had disclosed that while one breed was completely resis
tant to the intestinal threadworm, the second was sus
ceptible to the parasite, while the third race was highly 
susceptible. 

Mr. HAMMOND, referring to the Chairman's remarks on 
the relationship between animal and human diseases, 
wished to point out that while the transmission of tubercu
losis from animals to man was mainly through the diges
tive tract, among livestock the disease was transmitted 

through the respiratory tract. Experiments conducted in 
the United Kingdom had shown that outdoor living con
ditions for cattle lessened the spread of tuberculosis; the 
old-fashioned cow-barn was gradually being replaced by 
the outdoor shed, the cows being taken indoors solely for 
milking purposes. Pigs contracted tuberculosis when fed 
skimmed milk, but it was found that pasteurization of the 
milk had cut down the high incidence of the disease. 

Mr. Hammond observed that the high rate of mortality 
among young lambs was due to the fact that the animals 
were born with a very low power of temperature control. 
Lambs weighing 7 lb. at birth did not have the same 
power of temperature control as lambs weighing 12lb. In 
cold climates death was due to loss of heat while in hot 
climates it was caused by too much heat. It was therefore 
important to choose the time of birth. In hot climates it 
was advisable that the young should be born during the 
cool period of the year. 

Mr. DEVADANAM wished to stress a point in connexion 
with livestock management and nutrition control as a 
means of combating diseases caused by parasites. Some 
animals, such as the zebu, had done well without the bene
fit of modem improved methods, being resistant to tick 
fever and not very susceptible to foot-and-mouth disease. 
Could it be that the pampered animals in highly developed 
countries had lost their natural immunity to disease? If 
that vvere the case, resistant animals might be used for 
breeding purposes to develop strains which would not be 
as highly susceptible to diseases caused by parasites. 

The CHAIRMA~ summarized the debate and stressed the 
need for the control of animal imports and exports on a 
national and international level. 
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Relation of Sustained Livestock Production 

to Condition of Grazing Land 

CLARENCE L. FORSLING 

ABSTRACT 

Non-arable grazing lands have been neglected and allowed to deteriorate practically throughout the world. Exten
sive areas are contributing less than half the forage they were capable of producing on a sustained yield basis. Even 
more serious is the attendant accelerated erosion of the soil. 

Among the causes of depletion is the failure to recognize that close utilization year after year exhausts the ability 
of forage plants to grow and eventually leads to their destruction. The process of deterioration under too close utiliza
tion sets in long before lack of forage for the grazing animals becomes critical. Other outstanding causes of depletion 
are the indiscriminate use of lands as public grazing commons, drought coupled with close grazing, repeated burning, 
and the crowding out of forage plants by unpalatable species. 

Only in the last half century have grazing land problems begun to receive intensive study as an important phase of 
agriculture. The findings are pointing the way to management practices and restorative measures which when fully 
developed and widely applied will afford a higher sustained production of livestock. Adjustments of land tenure and land 
use practices, including the elimination of nomadic grazing, and furnishing aid to under-resourced livestock producers 
are among the problems to be met. 

Exchange of information and co-operation among nations will hasten the process of deriving greater human benefits 
from grazing lands. 

The condition of grazing lands is a vital factor in world 
livestock production and hence in world food production. 
?\!early one-third of the total feed requirement for the 
world's livestock comes from grazing lands-lands that 
generally are too dry, too cold, or too rough for cultivated 
crops or improved pasture, but which support a plant 
cover more or less of which is suitable for grazing. Such 
lands make up about one-half of the total land area in the 
Continental United States. An equal or greater portion of 
the total land area of many other countries is used or is 
suitable for grazing. The livestock that feed upon these 
lands furnish meat, dairy, and other products which form 
a large part of the average diet of the better nourished 
peoples of the world. They are important contributors of 
wool, mohair, hides, and various by-products. Draft ani
mals which graze part of the year are used extensively in 
the production of food crops in many countries. Quite 
commonly it is the utilization of grazing lands in combi
nation with other pasture and cultivated lands that makes 
possible the most productive use of the several kinds of 
agricultural land in a given region. 

Man has pastured his herds and flocks upon the native 
vegetation of uncultivated lands since before the dawn of 
history. Important as grazing lands have always been and 
continue to be in agriculture, the fact remains that chiefly 
because of poor husbandry, almost everywhere in the 
world they are failing to contribute their full share in the 
production of food and other animal products. An at
tendant and even more serious consequence of this mis
management is the acceleration of erosion which is de
creasing the productive capacity of the soil and spreading 
injury to the lowlands. No resource has longer been 
neglected in world agriculture or stands more in need of 
conservation management for sustained production. It is 
only in the last few decades that man has begun to realize 
that grazing land use is far more than a primitive form of 
agriculture. He has only now begun to explore the 

problems, and gain the necessary knowledge to develop 
and apply grazing management with the view of achieving 
sustained production. 

The present record, almost universally, is that of marked 
deterioration and reduced capacity of grazing lands to 
support the production of livestock. Whether it be the 
veldt of South Africa, the ranges of the Americas, the 
tundra of Alaska, the bush of Australia, or comparable 
grazing lands elsewhere, the story of marked decline in 
productivity is much the same. In the majority of in
stances, the diminution of plant cover and excessive 
trampling has led to accelerated erosion by wind and 
water. The exceptions to this general rule are chiefly in 
Western Europe, as in the Swiss Alps, where a favourable 
climate and good husbandry have served to sustain forage 
production and minimize erosion. 

One of the more recent comprehensive regional studies 
of the condition of grazing resources deals with the 728 
million acres of western range lands in the United States. 
While depletion was found to vary depending on manage
ment practices and other factors for the existing range 
area as a whole, it "has been depleted no less than 52 
per cent from its virgin condition (of sixty to seventy 
years before) using depletion in the sense of reduction in 
grazing capacity for domestic livestock". It is stated that, 
"No less than 589 million acres of range land is eroding 
more or less seriously, reducing soil productivity and im
pairing watershed services. Three-fifths of this area is 
adding excessively to the silt load of major western 
streams." 

Gorrie points out that grazing lands in the Punjab and 
the Northwest Frontier Provinces of India between them 
should produce the equivalent in grazing of 150 million 
tons of fodder, but that this is not being done because of 
the "universal curse of overgrazing", under the weight of 
which the grazing lands are deteriorating rapidly and be-
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coming areas of bare screes of stones or of ever-deepening 
gullies. For India, as a whole, the most severe erosion is 
reported to be taking place in a strip 1,600 miles long and 
60 to 120 miles wide that includes the foothills bordering 
the Himalaya Mountains. Large migratory bands of 
sheep and goats are driven into the higher mountains for 
summer grazing and in winter are returned to the heavily 
overgrazed foothills which are used the year long by cattle 
and goats from almost every village and the many herds 
of buffalo kept by nomadic grazers. 

According to Jacks and Whyte, erosion goes on un-
checked on the grazing lands of the less humid of 
China. 

Southwest Asia, from Turkistan to the Red Sea and the 
Mediterranean, also falls into the category of heavy de
pletion which no doubt began centuries ago and has con
tinued down to the present day. It is stated, for example, 
that of the great flocks of sheep in Southeastern Kara 
Kun, which formerly supplied Bokhara with hides to the 
value of 15 million roubles annually, few remain owing to 
the overgrazing of the scanty vegetation of the desert and 
the areas bordering it. The advancing dunes no longer 
bound by the peculiarly adapted vegetation threatens the 
population in the oases and narrow river valleys and each 
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try of South Australia the bush cover has been reduced 
10 to 25 per cent of its original density by a combination 
of over-grazing and drought. Likewise, the vast sandhills 
of the mugla scrub lands have been seriously reduced by a 
combination of heavy livestock grazing and rabbit in
festation and probably also drought. Soil drifting due to 
plant depletion in New South Wales differs little from that 
in South Australia and is serious also in Queensland. 
F. N. Ratcliff is quoted as stating that "stocking as 
practised in Australia must inevitably result in the pro
gressive reduction in the slow-growing evergreen fodder 
plants in semi-desert regions subject to frequently re
curring droughts. And, in turn, the reduction of edible 
shrubs and bushes render the country increasingly 'risky' 
for the pasturalist since the effects of drought will, as a 
result, be more and more rapidly felt". Indiscriminate 
burning and overstocking, and destruction by rabbits are 
also said to have caused serious deterioration and, in 
places, the complete destruction of all vegetation on the 
14 million acres of native tussock grassland in New Zea
land. 

That, in brief, is a cross-section of the present condition 
of grazing lands in various parts of the world. 

year bury large areas of highly fertile irrigated land. CAUSES 

Lowdermilk has pointed out how heavy use by the herds The reasons for the present almost world-wide deterio-
of nomadic grazers has operated hand-in-hand with rated condition of grazing lands are manifold depending 
erosion to destroy the fertility of the land in North Africa, upon local conditions. There are at least five more signi
Syria, and Trans-Jordan. ficant causes, however, of which one, or a combination of 

One of the more serious situations along the Mediter- two or more, has been responsible in the great majority of 
ranean is illustrated in a report of the United Nations cases. 
Relief and Rehabilitation Administration on the Vourai- 1. Few, if any, native forage plants can long survive if 
kos River watershed in Greece. This watershed is re- they are grazed year after year as closely as grazing ani
presentative of conditions elsewhere in much of that coun- mals will consume them from necessity or choice. In the 
try. Its hillsides are overgrazed by goats and sheep to an almost universal failure to recognize this fact lies the great 
extent that most of the vegetation as well as the soil has danger to grazing lands. Forage plant species have a 
been destroyed or seriously damaged. Twice the number utilization limit which, if exceeded year after year, even-
of grazing animals, including goats, sheep, cattle, tuates in a decline in productivity and deterioration of 
mules, and horses, that the forage will support are both plant cover and soil. The number of years that 
turned upon the land. The quantity of milk, wool, mohair, grazing in excess of this limit may take place before the 
or meat that each animal produces on the average is less breakdown begins will vary with the degree and season of 
than one-half of what the yield might easily be under good over-use, and the ability of the individual plant species to 
practices. resist close use. The over-use sooner or later weakens the 

The pastoral industry is the most important phase of vigour of the established perennial plants and hinders or 
agriculture in Africa. Numerous observers have pointed prevents the formation of seed and the establishment of 
out, however, that over-grazing and burning accompanied sufficient new plants to maintain the vegetative cover. 
by accelerated erosion are converting the rich veldt lands The diminution of cover and the excessive trampling, in 
to semi-desert. The Karoo vegetation of the more arid turn, encourages erosion and permits the more productive 
sections of the southern part of the continent is also being top soil to be washed away at an accelerated rate. The 
seriously injured. By 1900 it was realized that over- key plant species-those that are the more important from 
grazing was taking place in Africa, but little attention was the standpoint of palatability, quantity, and soil holding 
paid to the problem until the Drought Investigating Com- ability-should not be grazed in excess of the utilization 
mittee issued its final report in 1923. As in many other limit. This is good practice even though it may result in 
countries, the grazing lands in Africa that were stocked on but light use of the species of lesser palatability and the 
the basis of good seasons were heavily overstocked and in- leaving of what appears to be a considerable quantity of 
jured in the years of drought. The long established prac- the growth of the key plant species. 
tice of indiscrimate burning of the veldt to remove old Too frequently the practice has been to rely on the con
vegetation has in many places completely destroyed the dition or even the survival of the grazing animals, rather 
native plant cover. than on the growth requirements of the forage plants, as a 

Australia and New Zealand, according to and measure of the to which grazing lands may be 
Vlhyte, and other observers, have their share of grazing safely utilized. The condition of the grazing animals is a 
land depletion. It is estimated that in the semi-arid coun- false and dangerous guide. With few if any exceptions, 
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grazing lands suffer injury and start on a downward trend grazing lands are stocked up before forage stand has re
under continued close grazing, in advance of the stage covered. The breakdown of a great many grazing lands 
that the grazing animals are affected. Reed Bailey, of the that are subject to drought, beyond any doubt, began 
Inter-Mountain Forest and Range Experiment Station, during protracted periods of less than average rainfall 
has called attention to the fact that on sloping lands during which there was failure adequately to reduce the 
grazing can be highly profitable for a considerable period grazing use. 
during the time the range is deteriorating and while the Studies have shown that the semi-arid and arid grazing 
soil is eroding excessively. Put another way, the process lands which are subject to wide fluctuations in rainfall in 
of deterioration of forage cover and excessive erosion of the Western United States, should not be stocked in ex
the soil sets in long before lack of forage for grazing ani- cess of 65 to 75 per cent of the average grazing capacity 
mals becomes critical. over a period of years. Such stocking will ensure an ample 

The degree of use that native forage plants can safely supply of forage, circumvent serious injury to the range, 
withstand varies with plant species and also with such and avoid serious death losses from starvation or sacrifice 
factors as climatic conditions, soil and steepness of slope. of the breeding herds in all but the especially serious 
On the range lands of Western United States, for example, droughts. The leeway in the average or better years will 
but few perennial species under average conditions will provide opportunity for restoration of the forage cover 
long survive continuous grazing prior to the maturity of that has been diminished by drought. 
the season's growth that removes in excess of 75 per cent As a further measure of protection to areas subject to 
of the volume of the annual growth. Many of them cannot prolonged drought, it has been found beneficial to limit 
be used in excess of 50 per cent. The safe degree of use the size of the breeding herd to one-half to two-thirds of 
needs to be determined for each set of conditions. the number of stock which may be safely carried in the 

The portion of the volume of growth of the forage plants average year. In the good grass years, young growing 
that is left unutilized under conservative grazing practices stock may be added and sold in years of deficient forage. 
should not be considered as a waste. It is a working These practices will go far toward maintaining the range 
reserve that is necessary to sustain plant growth and and, of equal importance, sustain the breeding stock which 
forage production and conserve the soil. A range cattle is the foundation of the cattleman's prosperity. 
producer in Western United States, on viewing an ex- 3. Uncontrolled and unattended grazing lands upon 
perimental area that had been restored to near potential which landless owners of livestock may pasture their ani
productive capacity in the midst of an area of depleted mals at will, generally have suffered heavy damage or vir
range land stated it this way: "If all of my range was tual destruction. Such irresponsible use of land almost 
restored like that on the experimental area and I only inevitably leads to over-use and deterioration. Too many 
used one-third to one-half of the volume of the forage that people seek to run more livestock upon the land than it 
would be grown each year, I could produce at least twice can support and come and go with their herds as they 
the quantity of beef on the same area that I do at pre- choose. Because of the continued and indiscriminate 
sent". grazing, the over-used areas never have the opportunity 

The rate of stocking grazing lands should be dependent to recover. The public grazing lands of the Western 
upon the quantity of forage that experience and study United States suffered their greatest injury before they 
have shown may be utilized each year without diminish- were placed under regulation through appropriate legis
ing production in subsequent years. This conservative lation. In the other countries of the world where grazing 
use, based upon the growth requirements on the forage lands are subjected to persistent use by herds of cattle, 
species and not upon the condition of the grazing animal sheep or goats of nomadic livestock owners, the vegetation 
or the quantity of forage they can be forced to take each never receives the opportunity to recover and progress up 
year, is basic to the maintenance of the productivity of the ecological scale where the land can produce forage in 
grazing lands. accordance with its potential capacity. Large areas have 

2. Drought, in combination with overgrazing, is an- been reduced to scattered thorny shrubs and seasonal 
other factor that has played a prominent part in ruining annual plants that afford only a small fraction of the 
grazing lands in many regions. The semi-arid and arid potential grazing capacity of the land. The problem of 
lands which make up the greater part of the grazing area curbing such indiscriminate use is one of the most difficult 
of the world are subject to protracted periods of severely to meet in pasture management in many countries of the 
deficient rainfall. Even the more humid areas are similar- world. Unless it can be met, however, there is every 
ly afflicted by droughts, extending over more than one prospect of continued impoverishment of the land. 
growing season. There is bound to be a smaller production 4. Indiscriminate burning has taken a heavy toll in 
of forage during such periods and if the drought persists many places. The firing of grass lands is frequently done 
for two seasons or more there may also be a marked de- to eliminate remnants of previous years' growth of grasses 
cline in the density of the plant cover even in the absence or herbs, to destroy or open up thickets of shrubs or other 
of any grazing. It is a common occurrence, however, for vegetation that interfere with the growth or use of the 
grazing lands to be fully stocked or over-stocked on the better forage plants, to remove the protective cover for 
basis of the average or better season at the onset of a predatory animals, and to discourage insect infestation. 
drought. Consequently, if grazing is not immediately Properly controlled fire undoubtedly has a place in coping 
reduced in proportion to the decline in forage production, with certain problems in grazing land management. How
there will be extremely heavy overgrazing and injury to ever, it is not a tool for the unskilled to use. Burning 
the forage stand. Likewise, when rains come again, many should be done only with the proper application of know-
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ledge of the conditions under which fire may be used to 
advantage, knowledge which, on the whole, is lacking at 
the present time. Indiscriminate burning should be barred 
as one of the worst enemies of grazing lands. 

5. The invasion of unpalatable species is a common 
cause of decline in grazing capacity. When plant species 
that are little sought after by grazing animals are left in 
their full vigour, they are likely to reproduce and spread 
to the disadvantage of the species that are more or less 
reduced in vigour when grazed. For example, in the 
western part of the United States millions of acres that 
formerly supported a mixture of sagebrush and grass have 
been converted under grazing use to almost pure stands of 
the little-grazed sagebrush. The heavier use of the more 
palatable grasses gave the edge to the sagebrush in the 
natural competition for the limited moisture supply. It 
has gradually closed in to capture the space formerly 
occupied by the grass almost to the complete exclusion of 
the latter. Elsewhere mesquite, snake weed, and other 
similar species, all of which are less palatable to livestock 
than the grasses or are not eaten at all, have invaded 
former grass lands to the detriment of the grazing capaci
ty. To a considerable extent, the spread of the less pala
table shrubs or other plants is the result of too close use of 
the more palatable species, but the conversion may gra
dually take place even under fairly good grazing practice. 
In addition to good management, therefore, artificial 
means such as grubbing, chemical treatment, or con
trolled burning may have to be applied from time to time 
to destroy or control the spread of unwanted species. 

EFFECTS 

FORSLING 

lands of India, China, North Africa, and Southwestern 
Asia, including the Near East, would be difficult to deter
mine. There can be little doubt, however, judging from 
the various reports on these areas, that the decline in yield 
of forage and livestock production has been extreme. But 
the success of a number of attempts to reclaim the soil, 
described in W. C. Lowdermilk's book, "Palestine, Land 
of Promise", indicate that there are considerable possibili
ties for returning to much of its former productivity except 
where the soil has all been washed away. 

However, the decline in number of livestock is only a 
partial measure of the loss that has been suffered under 
continued excessive grazing. A number of studies con
ducted by the Forest and Range Experiment Stations of 
the Forest Service and other branches of the United 
States Department of Agriculture has shown that over
utilization and range deterioration on the arid and semi
arid grazing lands result in poorer gains and lower quality 
of growing or fattening animals, the production of fewer 
calves or lambs for each 100 breeding animals, smaller 
yields of wool per sheep, greater use of more expensive 
harvested feeds, and heavier death losses of livestock from 
malnutrition which weakens the resistance of the stock to 
exposure to severe winter weather and certain diseases. 

A number of carefully conducted tests comparing the 
outcome of moderate grazing and heavy grazing of range 
lands conducted for a number of years in the Western 
United States illustrates the benefits of good grazing land 
management. Even these experiments do not indicate the 
full or total effects of continued heavy grazing because the 
tests which were begun on lands that were in good con
dition have not been carried on for a sufficient period to 

Depletion of grazing lands has seriously curtailed or show the full accumulative effects of overuse. As heavy 
reduced livestock production. Quantitive data to indicate stocking continues year after year, the penalties grow 
the world-wide extent of this loss are not available. Too heavier, the forage yield declines, unpalatable plants come 
few studies have been made of the problem. Some of the in, and the soil washes or blows away. On the other hand, 
known examples, however, will serve to illustrate the the better managed range with limited livestock numbers 
general situation. has given maximum sustained economic production. 

It has already been stated in this paper that 728 million In a twelve-year co-operative study at the "Cnited 
acres of Western United States range have been depleted States Range Livestock Experiment Station in Eastern 
over 50 per cent. This means that grazing lands once Montana, range pastures which were stocked approxi
capable of supporting 22.5 million animal units (one ani- mately at grazing capacity produced a yearly calf crop 
mal unit is one cow, horse or mule, or five sheep, goats, or 7 per cent greater and an annual calf weight per cow 43lb. 
swine) can now carry only 10.8 million on a sustained yield greater on the average than comparable range pastures 
basis. stocked 25 per cent heavier over the period. The cows on 

Where livestock in greater numbers are being carried the overstocked ranges required practically double the 
than the depleted condition of the range warrants, this is expense for supplemental feeding as compared to those on 
being accomplished, the report indicates, by increased use ranges properly stocked. 
of improved pasture, hay and field crops and continued In another co-operative study at the Central Plains 
range overstocking. But, in many localities, the animal Experimental Range in Colorado, yearling Herefords were 
units continue to decline. For example, a study of eight found to yield a higher cash return for each unit of land 
range counties in southwestern Utah showed that between over a seven-year period than equivalent land that was 
1920 and 1940 the total number of livestock dropped by overstocked. The heavily grazed land produced slightly 
44 per cent and the chief reason given was the gradual more pounds of beef per unit per area, but it was poorer in 
reduction of range forage. quality and brought a smaller price. Although the short 

With regard to the veldt of the Union of South Africa, grass range on which these experiments are being con
A. T. Semple states that "since the coming of European ducted has a comparatively high resistance to grazing and 
pastoralists this natural veldt has been so intensively and break down only slightly in the first few years of over
badly used that its carrying capacity has been cut nearly stocking, the heavy stocking has already resulted in en
in half". mulative soil and forage deterioration. All indications are 

The extent to which the long, continued overgrazing that this will become more aggravated as the experiment 
has reduced the grazing capacity of the semi-arid and arid continues. 
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Two bands of ewes wintered in the semi-desert shrub
type of Western Utah were placed on range grazed conser
vatively and heavily in alternate years. Each year the 
ewes on the conservatively used land produced fully a 
pound more wool per head and were 12 to 20 lb. heavier at 
the close of winter than those grazing on adjacent heavily 
stocked range. Death loss from malnutrition was practi
cally eliminated, whereas 3 to 5 per cent losses were ex
perienced year after year on the heavily stocked range. 
Lamb crops were 8 to 13 per cent higher, and financial 
returns were $1 to $1.50 higher for each ewe on the conser
vatively stocked range. 

Continued heavy grazing, especially during the plant 
growing season on range used during spring and fall at the 
United States Sheep Experiment Station in Idaho, during 
a seven-year period, 1941 to 1947, brought about a decline 
in the yield of the more palatable forage plants, and the 
heavy invasion of little-grazed sagebrush and other species 
of low palatability. The first signs of downward trend in 
the forage stand under heavy stocking were evident in the 
third year of this study, although ewes and lambs were 
still gaining as much as those on lightly stocked range as 
late as the fourth year. In the seventh year, however, 
ewes on the heavily stocked range lost 9.3 lb. in body 
weight during the eight-week spring grazing season, as 
compared to a gain of 2 lb. by ewes on the moderately 
stocked range. The lag in weight losses during the first 
four years of the test as compared to the downward trend 
of the range which became evident in the third year on the 
heavily stocked areas, stressed the fact that the condition 
of these spring-fall ranges may not be judged safely by the 
condition and weights of the sheep using the range. 

Conservative stocking and reserving some forage for 
use in emergencies have been found to be major factors in 
achieving sustained cattle production on the Jornada Ex
perimental Range in Southern New Mexico and the Santa 
Rita Experimental Range in Southern Arizona, both in a 
region where protracted droughts occur frequently. 

RESTORATION AND MAINTENANCE OF GRAZING LANDS 

over to excess, mowing, grubbing, treatment with chemic
al herbicides, or controlled burning may be necessary to 
reduce the competition with the better forage species. 

Artificial reseeding of native or introduced species may 
be practicable where natural recovery of potentially pro
ductive grazing lands is too slow or unlikely. Altogether 
there are probably many hundred million acres of grazing 
lands upon which artificial revegetation could be applied 
to advantage if the methods and species to use were 
known and available. For conditions in the Western 
Mountain Region, and the Great Plains in particular, in 
the United States suitable methods and species have been 
found on developed grazing lands and abandoned culti
vated fields. Most of the success has been attained on the 
better soils and where moisture conditions are favourable 
-usually 10 inches or more of annual rainfall with a good
ly portion of it occurring during the main growing season. 
Similar trials have given good results in other countries. 
This kind of work, including breeding to develop plant 
varieties better suited to local conditions, should be ex
panded. 

Manuring or the addition of chemical fertilizer have 
been used with success in several countries to increase the 
forage yield. Their use, however, has been mostly on the 
moister grazing lands and on improved pastures. There is 
need for more research in the use of fertilizers on different 
kinds of grazing land. 

The aim of this paper has been to point out the poten
tialities rather than to discuss the details of grazing land 
management or reseeding practices that have been de
veloped in different parts of the world. The details and 
many of the principles of grazing land management will 
differ depending upon the prevailing local conditions. Soil, 
climate, and especially plant species all have an important 
bearing. The necessary ecological studies and grazing ex
periments should be conducted as soon as possible under 
the prevailing conditions in every country, in order to 
make known the best practices for grazing land manage
ment. As rapidly as possible these practices should be put 
into effect in the interest of a greater sustained livestock 
production. 

SOME SOCIAL AND ECONOMIC PROBLEMS 

The present condition of grazing lands offers a vast op
portunity, as well as need, for measures to stabilize or to 
increase livestock production in many countries. Where 
decline in forage yield has not yet set in, or is only in the But the development and application of better grazing 
early stages, sustained production may be achieved pri- land management is not the only problem. Even where 
marily through the application of sound management the methods and practices for restoring and maintaining 
practices. The basic essential of good management is the productive capacity of rundown grazing lands are 
stocking not to exceed the grazing capacity of the land at known, certain social and economic problems complicate 
whatever its stage of depletion. "In simplest terms, their application. In some situations, as for example 
grazing capacity means grazing the number of animals where nomadic grazing has become established, it may 
which (the land) will support for the period of grazing involve the readjustment of the entire land tenure and 
without impairing the vigour of the forage plants. It should land use systems. However uneconomic they may be, 
afford abundant forage available for the full grazing changing long established customs of any large group of 
period." Some of the other more important measures in- people is usually difficult. It will require soundly de
elude grazing in accordance with the seasonal growth veloped, far-seeing programmes, a considerable period and 
requirements of the forage plants; rotational grazing; infinite patience to make the necessary readjustments. 
amply distributed watering places; fencing and herding Nor is the problem always simple where land tenure is 
that will attain even utilization of the forage; and the well stabilized. Where sound grazing land management 
elimination of excessive trailing to night corrals or water- has been neglected for the sake of economic opportunity 
ing places. Under some conditions mowing or carefully or for other reasons, its introduction may mean added ex
controlled burning may be justified to remove old, dry pense or a temporary curtailment of production. Some of 
grass. Where non-palatable or noxious species have taken the better situated livestock producers may object to the 
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temporary reduction of profits that are made possible by 
short-sighted neglect. The problem is even more serious 
with the "small" farmer or livestock producer if it involves 
denials in use or increased expenses that reduces his in
come to an even lower plane of subsistence during the 
readjustment period. Where the small operator has be
come "geared" into a livestock production economy based 
on over-use of grazing resources, he often finds himself 
caught on the horns of a dilemma. The course of con
tinuing to seek a living on the basis of over-utilization of 
grazing land inevitably follows the downward spiral of an 
ever-narrowing resource base. On the other hand, if he 
undertakes the adjustment he may find that for a period 
he will be reduced to less than a subsistence level. It is in 
these situations where State aids, such as relocating some 
of the under-resourced farmers, granting capital loans or 
subsidies, or other measures will be necessary to help 
bridge the period of readjustment. 

HOPEFUL TRENDS 

At present the trend in condition of grazing lands for 
the world as a whole is probably continuing downward, 
but at a greatly reduced rate. In some countries it has 
been reversed and started upward, in others the trend is 
levelling off, but over wide areas it continues downward. 
However, the future is more promising. First, the 
problems are now being considered. Except in some of the 
Western European countries, it is scarcely more than fifty 
years that even the existence of a grazing land problem 
has come to be recognized in modern agriculture. In most 
countries, grazing lands were either entirely neglected or 
looked upon as areas which eventually would be placed 
under cultivation and therefore did not merit the appli
cation of scientific study or management. During the past 
five decades, and especially in the last twenty to thirty 
years, it has come to be realized that large areas would 
find their greatest economic use for grazing and that they 
can and should be improved and managed for that pur
pose. 

Second, there has been the establishment and expansion 
of research and investigations in grazing land manage
ment. In the United States the eleven forest and range 
experiment stations of the Forest Service, several stations 
of the Bureau of Plant Industry, Soils and Agricultural 
Engineering, and the Soil Conservation Service of the 
Federal Department of Agriculture, and nearly every one 
of the agricultural experiment stations of the range states 
now have grazing research programs under way. At least 
nine experiment stations have been established to find the 
best remedies and means of preventing deterioration of 
the veldt in South Africa. Several experiment stations and 
other investigations have been gotten under way in 
Australia and New Zealand. Work has also been started 
in many of the other countries. As the results of these and 
the many other studies not mentioned in this partial 
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enumeration bear fruit, and many of them already have, 
the grazing land management practices necessary for 
sustained livestock production will gradually become 
known and be available for application. 

However, education and extension must go hand-in
hand with research. The good practices must be passed 
along to the individual farmers who use the land and 
produce the livestock. Among free people the job will not 
be completed until there has been adopted the philosophy 
that the land one generation uses must be passed on to the 
next in as productive or more productive condition than 
it was received. Of outstanding importance in the achieve
ment of this aim is the exchange of information and ex
perience among the peoples of the world. This United 
Nations Scientific Conference on the Conservation and 
Utilization of Resources marks a milestone along the 
course of mutual helpfulness that needs to be followed in 
the future. Continued and renewed efforts should be 
made to see that the useful information is gotten as 
quickly as possible to the man on the land. He is the 
person we have to reach to gain success. 
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Relation of Sustained Livestock Production to Condition of 
Grazing Land 

T. L. BYWATER 

ABSTRACT 

I. In temperate areas, grassland provides the most economic means of utilizing land for raising sheep and cattle and 
for building up fertility which can be recovered either in human food crops or in arable crops for feeding to livestock. 

2. On upland grazings, the key to increased stock raising is the provision of the necessary food to close the winter 
gap; well managed re-seeded grassland has proved its worth for this purpose and a greater use of fertilizers, especially 
nitrogen, is suggested as a possible means of making the fullest use of the limited area of ploughable land. 

3. On lowland areas, grassland can be kept indefinitely in a state of reasonably high productivity provided it is not 
over stimulated with nitrogen but is well managed; stock must take precedence over grass, however, and good manage
ment is not always possible and is rarely easy. As a result, deterioration in productivity in leys does in fact often take 
place after the third or fourth year. 

4. The alternation of crops with grass for three to five years promotes the health and output of crops, grass and 
stock and in Aberdeenshire, at any rate, has proved to be the ideal system of handling mixed farms. 

5. A brief description of ley farming in Aberdeenshire is given and passing reference made to new developments 
in grassland husbandry which have either come into practice or are likely to do so when developed further. 

In Britain, sustained production of livestock other than 
pigs and poultry, rests squarely upon the productivity and 
healthfulness of grassland. 

Pastoral areas of one kind or another exist in all parts of 
the world, but this paper is based upon experiences of 
grassland in Britain under temperate climatic conditions 
and should be studied against that background. 

Ruminant animals subsist by grazing during the 
growing season and are carried through the winter on 
conserved grass supplemented by the produce of arable 
crops. Milk, meat and wool can be produced with less 
labour and at lower cost on grass grazed than in any other 
way; e.g., in 1947/48, food costs were 8!d. a gallon for 
milk produced on on certain farms in the North of 
Scotland, while corresponding figure in winter was 
15d. a gallon on the same farms and these figures are 
typical (1) 1 . 

Obviously the efficiency of livestock production can be 
greatly enhanced, especially where wages are high, by 
making better use of this cheap source of animal feeding 
stuffs. Broadly, three main lines of attack can he followed, 
aiming at: 

1. l~aising the productivity of grassland; 
2. Lengthening the grazing season; 
3. Improving methods of conservation by raising their 

efficiency and lowering their labour requirements. 
It will be convenient to divide grazing into two broad 

types, namely, upland rough grazings and lowland grass; 
I propose to consider them in that order. 

LIVESTOCK PHODUCTION ON UPLA::\D ROUGH GRAZINGS 

These rough grazings consist for the most part of natu
ral associations of plant species on land which, for one 
reason or another, is difficult, or impossible to cultivate; 
they occur mainly above the 500 ft. contour line, are low 
in productivity and, when utilized at all, are grazed by 

1 Numbers within parentheses refer to items in the bibliography. 

small, hardy sheep and cattle. Stocking is low, rarely 
more than one sheep {or its equivalent) to two acres, and, 
more often, one sheep to five or more acres of land. In 
consequence, there is an abundance of herbage in the 
growing season but very little food for stock in winter. 
As an illustration of the extent to which output can be 
increased by providing a supply of winter food, un
published data from the North of Scotland College's Hill 
Farm at Glensaugh from 1944 to the present time may be 
of interest. This farm consists of two thousand acres of 
rough grazing and two hundred acres of enclosed fields; in 
1944 it carried 1,092 sheep and 58 cattle; in 1948 the 
stock consists of 1,166 sheep and 200 cattle. Output has 
been more than doubled by fencing and controlling the 
low·er faces of the hill; by control of bracken, by heather
burning and, in particular, by re-seeding direct about 83 
acres of the best land on the hill and making grass silage 
for winter use. In open winters, certain of the re-seeded 
fields have carried two sheep to the acre without supple
ment; in hard winters, grass silage is fed when the ground 
is covered with snow. The key to these results has been 
management: the re-seeded areas are given lime, phos
phate and potash as required each second or third year; 
they are rested each year for three to four weeks in late 
April or in May, then grazed closely by cattle until mid
August; then follows a complete rest from stock until mid
October, by which time there is a lush growth, about four 
inches long, of grass which provides grazing during the 
late Autumn and ·winter for ewe hogs. The increase in the 
number of cattle has improved the grazing for sheep 
whose numbers have been maintained and whose general 
quality and condition have been improved over the past 
four years. 

This which is typical of wide areas in Britain, has 
only a small proportion of ploughable hill and it is now 
proposed to try out heavy applications of nitrogen, in ad
dition to other fertilizers, in order to see whether these 
will give an economic increase in grass silage plus out-of
season grazing from these re-seeded areas without serious-
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ly depreciating their quality and productivity, or whether, 
under such treatment, these areas must be ploughed up 
anrl. renewed periodically (2). 

LIVESTOCK PRODUCTION ON LOWLAND GRASS 

Lowland grass can be divided into temporary leys, that 
is grass that has been established for not more than five 
years, and permanent grass which has existed for longer 
periods. The comparative merits of the two continue to 
provoke the fiercest controversy. Yorkshire experiments 
have shown that regular applications of lime, phosphate 
and potash, plus good management, i.e., a rest period in 
April followed by reasonably close grazing with fattening 
stock, will stabilize the productivity of permanent grass at 
a fairly high level (3). In farm practice, however, where 
the interest of livestock must come before that of grass
land, it is the usual experience to find the productivity of a 
ley declining with age due to persistent close grazing in 
Spring or constant mowing. Permanent grassland tends, 
therefore, to be less productive than temporary ley 
(4, 5). In its early years, temporary grass is healthy for 
stock, but with age it tends to become disease-ridden and 
less safe. Temporary leys have the additional advantage 
over old grass of starting growth earlier in the Spring and 
continuing later into the Autumn, thereby shortening the 
expensive period of winter feeding. On the other hand, 
permanent grass is less liable to poaching and does not in
volve the expense of periodically resowing. The ploughing 
out of land, however, is not a disadvantage, since arable 
crops may be required for feeding livestock in winter or as 
cash crops and can be grown profitably on land that is 
ploughed out of leys. To sum up, under conditions where 
leys can be established and saleable arable crops can be 
grown, the evidence seems to me to be in favour of the 
alternation of leys for from three to five years with 
three or more arable crops; this has proved to be one 
way, and perhaps the best way, of sustaining livestock 
production. Convincing support for this view is to be 
found in the conspicuous success that has attended the de
velopment of livestock rearing and feeding in Aberdeen
shire, and other parts of Scotland based on the alternate 
system of husbandry (6). The soils of Aberdeenshire, being 
derived largely from granitic rocks, are for the most part 
stony, medium to light irr texture and inherently poor; the 
climate too is unfavourable, being cold and bleak; yet, as 
the agricultural returns show, this part of Britain has 
deservedly won a considerable reputation for its producti
vity, for the quality of its crops and livestock and for its 
efficiency and prosperity. 

Table I. Aberdeenshire Agricultural Returns 

(4th June, 1948) 

Crops and grass (acres) 
Cereals. . . . . . . 220,498 
Potatoes . . . . . . 21,198 
Roots and other crops 69,507 
Temporary leys . 274,581 
Permanent grass 25,868 
Rough grazings . . . 293,768 

905,420 

Horses. 
Cattle . 
Sheep . 
Pigs .. 
Poultry 

Livestock 

12,870 
210,287 
279,935 

17,588 
2,813,325 

BYWATER 

third of the land, all the potatoes and a half to three
quarters of the cereals, are sold off the farm. I am satis
fied the size and importance of the livestock industry in 
Aberdeenshire and the high standard of farming generally 
are attributable mainly to the intelligent and systematic 
exploitation of grassland in a scheme of alternate hus
bandry. This system might usefully be adopted in other 
similar areas and I propose to give some details of it 
which may be of interest to the delegates. 

On a typical Aberdeenshire farm of 100 to 200 acres, all 
ploughable fields are cropped in rotation. The common 
rotation prior to 1939 was a six-course-three years grass 
and three years arable; details of cropping and fertilizing 
on a progressive farm are given in Table II (7, 8). 

Table II. Aberdeen Six-Course Rotation 

Year Crop Manures & fertilizers applied to the acre 

Dung N. (lb.) PzO.(lb.) K 20 (lb.) 
1st Ley mown Droppings 

early and 
grazed 0 to 14 0 0 

2nd Ley grazed from 15 to 20 0 0 
3rd Ley grazed or Stock 

mown and 
grazed 0 to 20 0 0 

4th Oats none 7 to lO 40 to 50 25 
5th Roots 12 to 20 Swedes20 50 to 70 Swedes 25 

tons Potatoes Potatoes 60 to 80 
30 to 40 

6th Oats & barley none 7 to 10 50 to 60 50 

Lime is applied to one crop in rotation, usually roots, 
second corn crop or ley, at the rate of 12 to 15 cwt. of 
ground burnt lime or about 20 cwt. of ground limestone 
(carbonate) to the acre, though many farmers now have 
their soils tested and lime accordingly. Since 1939, the 
proportion of tillage crops has been raised from one half to 
nearly two thirds. The grassland area has, of necessity, 
been correspondingly reduced by shortening the ley. 
Nevertheless a satisfactory level of soil fertility and crop 
output has been, and still is being, maintained. This has 
been achieved by applying sufficient lime, phosphate and 
potash to the soil, particularly when the ley is sown, there
by assuring a robust sward, and by fostering the early 
development of white clover in a well balanced mixture by 
taking an early cut for hay or silage in the first year, 
followed by grazing. In the second year the white clover 
is further encouraged by applying a small amount of 
nitrogen in the Spring and following this up with fairly 
close grazing, particularly during the early part of the 
growing season. 

GRASS AND CLOVER SEEDS MIXTURES 

In recent years, special mixtures of grasses and clovers 
have been developed for particular purposes and these, 
under special management, will give excellent results. In 
practice, however, the farmer is rarely able to apply this 
special management, with the result that, up to now, we 
have found in the North of Scotland that more or less fool
proof general purpose mixtures give best results on all 
farms excepting those where grass production is one of the 
farmer's special interests, e.g., on grass-drying farms. 

Except for pigs and poultry to which purchased feeding The mixtures commonly sown for three years ley in 
stuffs mainly are given, these livestock are fed on produce Aberdeenshire are based on principles worked out at 
from the land, and, in addition, the crops from nearly one- Craibstone by my colleague, Wm. M. Findlay (7, 9) and 
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are based on one general type modified to suit different 
soils and for longer or shorter leys. 

Table III. 

Typical General Purpose Mixture for Three Years Ley 

lb. per 
acre 

Perennial rycgrass (about ! Ayrshire: ! S. 23, 
S. 24 or Kcntish) . . . . . . . . . . . 13 

Cocksfoot (about! Danish: ! S. 27, S. 143 or 
Akaroa) . . . . . . . . . . . . . 8 

Timothy (Scots). . . . . . . . . . . 4 
Late flowering red clover (Montgomery) . . 
Board red clover (English) . . . . . . . . 
Alsikc . . . . . . . . . . . . . . . . . ~· 
S. 100 or New Zealand mother seed white 

clover . . . . . ·~ 
Wild white clover . ! 

ToTAL . . 30 

The seeds, we find, should be broadcast as soon as pos
sible after the corn crop has been sown. There is some risk 
of smothering laid corn, but with a strong-strawed ear
ly variety of oats and graded seed sown early and not too 
thickly and cut early, the corn will stand well enough in 
the worst season to allow the ley to establish (10). 

USE OF LEAFY STRAIKS 

In the past thirty years plant breeders at Aberystwyth 
and elsewhere have produced many new leafy grasses (ll). 
In general, our experiments have indicated a fairly high 
degree of incompatibility between the leafiness, persist
ence and winter greenness of bred strains on the one hand 
and, on the other, the quickness of establishment, earliness 
in the Spring and over-all productivity throughout the 
season of commercial strains. As a result of trials at Aber
deen, the inclusion of bred leafy strains is advised to the 
extent of about one-third of the grass seeds in a ley for 
three years, the proportion being increased in long 
leys (12). 

INTENSIVE MAKURIKG 

Grass leys made and managed on the principles out
lined have produced annually without heavy applications 
of nitrogen up to 690 lb. of liveweight gain in cattle and up 
to 390 gallons of milk to the acre on inherently poor soils 
(13, 14). These figures are very encouraging, but recent 
reports have shown that bigger yields of milk and a much 
greater yield of protein in the form of dried grass can be 
got by applications of up to 200 and even 300 lb. of 
nitrogen to the acre in a favourable year (15, 16). These 
very heavy applications of nitrogen to are being 
tried in Aberdeenshire and it is already that they 
tend to produce herbage which is more liable than ordinary 
grass to lead to such physiological disturbances as "Bloat" 
in the grazing animal. There are also indications that the 
utilization of these stimulated swards requires more exact 
methods of management involving in particular a combi
nation of rotational and restricted grazing. The use of 
nitrogenous fertilizers opens up fascinating possibilities, 
but until their true merits, including their long term effects 
on animal health and soil fertility, have been determined, 
it will be advisable to continue meantime with the lower 
levels of grassland manuring that, with the use of white 
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clover, have 
practice. 

good results over many years in farm 

GRAZIKG MANAGEMENT 

Grassland management was formerly a matter of con
venience or expediency with results which left much to be 
desired. The investigations of :\iartin Jones and others of 
the Aberystwyth School have demonstrated the far
reaching influence of management on the botanical com
position, productivity and other characteristics of swards 
and the usefulness of rest periods, rotational grazing and 
other methods. Here, in the reactions between animal and 
pasture, is a vista of new territory waiting to be explored; 
new possibilities to be worked out in farming practice. 

CONSERVATION OF GRASS (17) 

Until recently, hay was the only conserved grass pro
duct fed to livestock in Aberdeenshire. In suitable 
weather and with modern methods and machinery, hay
making is still a cheap and effective way to preserve grass 
at the flowering stage for winter use. But grass in the 
desired state of nutritious immaturity is difficult to make 
into hay, even in good weather and, in wet weather, hay
making is a hopeless process. To overcome these weak
nesses, silage making and artificial drying have been de
veloped, and now supplement, but do not, and probably 
will not, entirely replace haymaking. 

Grass drying involves expensive equipment and high 
costs but will convert young grass into a very nutritious 
product, a protein-rich concentrate in fact, with the 
minimum loss of nutrients. Silage making in a pit (18) 
requires the minimum of expensive equipment, it is largely 
independent of weather, it will preserve grass at any stage 
of maturity, with losses much less than in hay-making, 
though greater than in artificial drying, and it is a process 
that has proved its worth as a supplement to hay-making 
on many Aberdeenshire farms. I confidently expect to see 
a great expansion of pit silage making on ordinary farms 
and of grass drying to produce a protein-rich concentrate 
on big farms and as a co-operative venture. 

To sum up, the urgent necessity, born of the war 
emergency, for maximum human food crops at all costs is 
coming to an end, and it is desirable that world agri
culture should be planning and shaping itself for a greater 
emphasis on livestock. Briefly, the thesis of this paper is 
that, in Scotland, and possibly in many other temperate 
areas, a stable and efficient balance between crops and 
livestock can best be achieved through a system of ley 
farming in which arable crops are alternated with periods 
of three years or more in grass leys. 
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Application of Ecological Principles 
in Determining Condition of Grazing Lands 

ARTHUR W. SAMPSON 

ABSTRACT 

In recent years the principles of ecology have found a renewed place of usefulness. This is the application of a 
technique for appraising range areas according to their condition classes, that is, their "state of health". The condition 
ratings employed are essentially based upon the concepts of plant succession and the physiological vigour of the more 
economically important forage plants of the community. 

On most natural grazing grounds the true grasses, that is, plants belonging to the natural family, Gramineae-hold 
first rank as food for livestock. It was on these lands that man first attempted to control his fate against fluctuations 
in the native animal populations and upon which he depended for food and clothing. 

Since grasslands occupy no less than 30 per cent of the land area of the globe, it is evident that they are tremendously 
important for livestock grazing. In continental United States the prairie formation embraces some 38 per cent of the 
land area. The greater portion of this formation lies west of the lOOth meridian where the annual rainfall is relatively 
low. 

Most of this grassland region has been subjected to many years of over-grazing. An important initial step in the 
maintenance of the grasslands is that of classifying them according to their condition. This procedure presupposes in
timate local information on the following points: (I) a knowledge of the more important forage species; (2) recognition 
of what constitutes a satisfactory state of physiological vigour of the key, or representative forage species; (3) a know
ledge of local forage densities in order better to evaluate these as an expression of the densities that should exist on ex
cellent condition range of different qualities of sites; ( 4) intimate knowledge of the stages and trends of their successional 
development; (5) information on the amount of litter that should remain on the ground; and (6) some measure of the 
degree of stability of the soil. 

In the declaration of range condition, most administrators employ four condition classes. These are: excellent, 
good, fair, and poor. These classes are chiefly discernible by the composition, density, and the successional stage of the 
plant cover. Excellent condition range, for example, includes areas which are producing from 80 to 100 per cent of 
their potential capacity of high-climax forage, whereas poor condition ranges embrace areas which are producing only 20 
to 40 per cent of their potential capacity. The indicator plants which typify each condition class are invaluable in 
recognising misuse of the lands in its incipiency. 

Desirable as it is to classify rangeland units into condition classes, this measure is but an important step in a cor
rection programme. Undesirable range condition implies the need, among other things, of applying ecological principles 
which will result in improved range use. The correctness of this use will be measured by the extent to which range 
units in poor condition are converted to their maximum potential forage production. 

In recent years the principles of plant succession have 
been refocused on pasture lands with a view to inter
preting more precisely the reaction of forage stands to 
systems and intensities of livestock grazing. Out of this 
broadened application has emerged a procedure of ap
praising grazing areas according to their condition classes, 
that is, their "state of health". In applying these concepts 
of succession to obtain condition ratings, the specific fac
tors of composition, density, and the physiological vigour 
of the forage grasses have been further co-ordinated. 

"range (pasture) lands", and "grass" are 
terms. On most natural grazing grounds 

the true grasses, that is, plants belonging to the clearly 
defined natural family, Gramineae, rank first as food for 
livestock. natural range unit upon which highly 
palatable grasses, forbs, or shrubs do not predominate is 
not of the highest pasturage value. 

The early recognition in our civilization of the great 
extent to which livestock relied upon the grasslands for 
forage, gave rise to the verb, to graze, from the French 
word graes-a term formerly applied to all associated 
herbaceous growth. No other group of organisms is so use
ful to man or beast as the grasses. In addition to providing 
us with our daily bread, the grasses, by supplying the bulk 
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of the forage for domestic pasture stock, also indirectly 
supply our beef and mutton, dairy products, leather, wool, 
and animal power-to mention but a few such products. 

On all continents man's earliest attempts at controlling 
his fate against the vicissitudes of climate and the fluctu
ations in natural animal populations, must have been on 
grasslands. It was on these areas that civilization had its 
origin; it was there that man first nurtured young grazing 
animals which he had caught and began to domesticate. 
Much of the range of today-that is, the relatively large 
natural grass-covered areas which we now use for live
stock grazing-is the modern equivalent of the grazing 
grounds of our remote nomad ancestors. 

Grasslands occupy a large part of all continents-in fact, 
more than 30 percent of the land area of the globe is classi
fied as grassland (15) 1 . The value of this resource is much 
the same everywhere. The greater part of the grasslands 
is utilized annually for pasturing livestock, though in the 
heavier rainfall sections a large acreage has been ploughed 
up for farming. On most well-organized farms there is 
some pasture land. 

The natural grassland associations vary greatly in 
species and growth characteristics because of their de
velopment under widely different climatic and soil con
ditions. Although admitting their variability, let us here, 
for our immediate purpose, recognize but one vast eco
logical formation, the prairie. 

The prairie formation of Continental United States 
originally embraced no less than 38 per cent of the entire 
land area of this country. The greater part of this area 
lies west of the lOOth meridian where the annual precipi
tation is less than 20 in. Weaver (24) describes the distri
bution of the prairie formation as follows: 

From the highlands of central Mexico across the entire 
United States and northward into Canada extends the 
great mid-continental prairie. On the east it is in contact 
with the deciduous forest. From this central mass the 
prairie extends westward beyond the Rocky Mountains 
across \Vyoming into eastern Utah, and south-westward 
through northern New Mexico into northern Arizona. The 
Palouse Grasslands occurred in eastern Oregon and 
Washington, and other parts of the far North-west. The 
Pacific Prairie was found in the Great Valley of California, 
and the Desert Plains Grassland still occupies much of 
southern Arizona and New Mexico and south-western 
Texas. 

Although dry farming and irrigated tillage are practised 
in parts of this region, livestock grazing gives the best 
returns on most of the area, and probably always will. 
The task of regrassing the acreage that should never have 
been ploughed is no small or simple task. 

CONDITION OF THE GRAZING LANDS 

Everywhere in the world the grazing capacity of the 
semi-arid grasslands has declined in productivity. The 
most severely punished tracts occur in the older countries 
where unwise grazing has been practised longest; but 
some regions in the more youthful nations have also de
clined greatly. Portions of north and south Africa, Spain, 
Greece, India, and Palestine are among the most de-

1 Numbers within parentheses refer to items in the bibliography. 

vastated. Much of the landscape of these countries sup
ports only scattered stands of ephemeral grasses and xeric 
browse, and these plants are essentially confined to the 
thin-soiled portions between a network of ever-deepening 
gullies. Among the younger nations-Australia, New Zea
land, and the United States-a few natural tracts are still 
to be found which compare favourably in condition to 
those which simulate virgin productivity. 

When the white man first placed his animals on the 
western range of the United States the grassland forage 
crop seemed inexhaustible. Probably a vegetal resource 
was never exploited more rapidly, for wild tales of quick 
profits lured thousands of stockmen to send their animals 
to the West. Soon the ranges were stocked far in excess of 
their carrying capacity. Within a half century, and in 
some places in even a shorter period, the ranges became 
seriously impoverished. Noteworthy in this connexion is 
the statement by Bartlett (1), in 1854, describing glowing
ly the productive grasslands of Texas and the adjoining 
territory. But soon after the coming of the railroad, in 
1883, these lands were overrun with livestock, and within 
a few years, extensive grass stands yielded to mesquite 
bush and prickly pear (2). Likewise, in California, as early 
as 1865, General Bidwell (3) stated: 

"It cannot have escaped the observation of those en
gaged in rearing livestock in California that the indigenous 
grasses, once so abundant as to pasture thousands of ani
mals where only hundreds are able to subsist now are fast 
disappearing f~om the plains." ' 

Since the day of free-for-all grazing, the more productive 
and accessible valley and foothill grasslands of the West 
have passed into private ownership. A large part of the 
remaining area, amounting to some 350 million acres, has 
gradually been placed under federal control-in the agen
cies of the Forest Service, the Indian Service, and the Land 
Management Division of the Department of the Interior. 

At this point we are likely to be asking: "Which has 
proved the more effective-private or Federal ownership 
in the rehabilitation of these lands?" The answer, un
fortunately, is not one of over-all optimism for either pri
vate or Federal grassland ownership and management; 
but if anything, the latter probably have the better record 
considering the diverse character and uses of the lands 
which the various public agencies have administered. 

In the year 1939, the Forest Service (22) estimated that 
the reduction in carrying capacity of the then existing 
range was 52 per cent from its virgin condition. On some 
55 per cent of the eqtire range area, forage resources had 
been reduced by more than half. Various choice perennial 
bunch grasses and highly palatable shrubs had dis
appeared largely or completely on some ranges, and their 
place taken by such unpalatable plants as sage-brush 
(Artemisia spp.), and by exotic weedy species such as 
downy chess ( Bromus tectorum), star thistle (Centaurea 
spp.) and Russion thistle (Salsola pestifer). In many 
instances, stock-poisoning plants had increased to an 
alarming degree. Depletion had occurred under all con
ditions of climate, topography, and ownership. The 
Federal public domain range, which was without regu
lation until the year 1934, was estimated to have suffered 
67 per cent depletion in carrying capacity, and was in the 
worst condition, whereas that in private ownership stood 
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at 51 per cent depletion, or about the same as the lands 
reserved for the Indians but under Federal regulation. 
And although the national forest ranges had been under 
management for thirty years, they were still 30 per cent 
below virgin condition, and various observers have even 
regarded these estimates as too optimistic. 

One may logically ask why depletion of these ranges has 
not been corrected. Several factors have hindered the 
application of a broadly effective improvement pro
gramme; but two in particular seemed to stand out over all 
others. These were firstly, the economic and political con
ditions which induced almost universal overstocking of 
the range, and secondly, failure on the part of operators 
and administrators alike to recognize or understand the 
indicators depicting the state of health of the ranges. 
These, when correctly interpretated, tell the true story of 
the reaction of the forage cover and the soil to the manage
ment practices in operation (20). It is here that the prin
ciples of ecology and physiology attain their greatest use
fulness. 

SUCCESSIONAL TRENDS AND RAJ\GE CONDITION 

CLASSIFICATION 

The formal setting up of condition classes, as well as of 
the companion procedure, that is, of recognizing "stand
ards of allowable grazing use", is of relatively recent 
origin. The general ideas behind these techniques, on the 
other hand, are exceedingly old indeed, they were ex
pounded in one way or another by ancient herdsmen. 
With the Prophets, grass was the symbol of blessing and 
redemption, whereas failure of grass crops was a symbol of 
desolation. The theme of grazing and of adequate, pro
ductive fields of grass for the cattle carries all through 
Genesis and Exodus. Long before livestock were do
mesticated, primitive huntsmen were vitally concerned 
with grassland crops to supply large numbers of bison, 
wild cattle, sheep, and goats (9). 

In western United States, condition and over-utilization 
were referred to repeatedly but the earliest scholars of the 
natural rangelands. In several instances, recommenda
tions were made to improve the "condition of the range", 
including especially lighter stocking and proposals for ar
tificial and natural reseeding. The most outstanding 
workers of that time were Vasey (23), Smith (19), Bentley 
(2), Griffith (8), and Thornber (21), whose findings were 
reported in 1888, 1895, 1898, 1903, and 1910 respectively. 
But the range planning programmes which are being ad
vocated today had to await subsequent researches and the 
synthesis of these findings. 

The first attempt at unified estimation of the grazing 
capacity of western rangelands consisted of mapping the 
"types" of vegetation, estimating their forage density, and 
expressing their grazing capacity in animal unit months. 2 

This initial so-called "range reconnaissance" technique 
was developed by the United States Forest Service in 
Arizona, in 1911, by Jardine (13), and was later refined to 
attain greater accuracy (12). Within the past decade, a 
new method of estimating range capacity, using what is 
termed the "range condition" classification, has been 

2 An animal unit month of forage is an expression of the amount 
of palatable vegetation required to support a cow and her offspring, 
or the equivalent in numbers of sheep, for one month. 
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applied by the Vnited States Soil Conservation Service. 
This procedure is more rapid and is readily adaptable to 
some range lands (6, 11). 

While guidance in setting up a procedure for recognizing 
proper range use has long been apparent, suitable tech
niques had to await the outcome of researches involving the 
ecology as well as the physiology of range problems. Most 
urgent and economically useful among these researches 
were the following: 

1. To attain more intimate knowledge of the succes
sional behaviour of forage species on range lands in the 
different climatic regions. 

2. To build up range indicator guides both for lands of 
diverse capability potentials and for areas which were im
proving or declining in productivity. 

3. To acquire more reliable information as to the maxi
mum utilization allowable on range associations of diverse 
sites and production capacity. 

The concepts of range condition and condition classi
fication have evolved chiefly through two fields of in
vestigation. From studies of succession have developed 
the recognition of changes in species composition of the 
plant cover under the pressure of grazing (7). And from 
studies of grazing endurance of individual forage species 
has come a knowledge of the grazing endurance of the 
different forage species. 

Some early work by the author (17) in the Wasatch 
Mountains of Utah demonstrated that the most reliable 
way to recognize range condition and condition classi
fication is to take note of the dominant or so-called indi
cator plants which depict specific successional stages. 
Weathered rock, or the exposed C soil-horizon, supports 
but a few lichens and mosses, which, through their 
physical and chemical reactions, prepare the substratum 
for invasions of shallow-rooted, short-lived annuals. This 
first annual herb stage tends to hold the soil particles in
tact. Furthermore, it hastens soil formation. In the 
Wasatch Mountains this process continues until four 
stages beyond that of the lichen-moss stage have been 
formed. The last represents the climax, or a relatively 
stable cover. These developmental units correspond closely, 
if not exactly, with the range condition classes for the 
different sites which are encountered by workers in various 
parts of the western range region of this country. 

In the assignment of range condition ratings, the con
cept of "key", that is, principal forage species, is common
ly used. For example, well-drained areas in the Hudsonian 
life zone of eastern Oregon and eastern Washington (14), 
with a dense cover of green fescue ( Festuca viridula), were 
found to be in good condition; but, when similar sites 
contained an abundance of columbia needlegrass (Stipa 
columbiana), they were rated as in poor condition. In 
this general area the mountain meadows were found to be 
in good to excellent condition where the stand was fairly 
dense-provided three-fourths of the palatable vegetation 
consisted of tufted hairgrass ( Deschampsia caespitosa) ; 
but these areas were rated as in fair or poor condition 
where tufted hairgrass composed only one-fourth or less 
than one-fourth, respectively, of the forage volume. 

The procedure used in assigning condition classes to a 
range area must always take into consideration the physio-
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logical vigour of the forage species, the stage and trend of 
the succession, the stability of the soil, and the amount of 
mulch present. The area being classified should be com
pared with nearby units of similar site quality which would 
rate as in good or excellent condition. The greatest use
fulness of range condition ratings is that they provide a 
guide to needed correction in the management plan in 
operation. Poor range condition, for example, occurs 
commonly in the vicinity of too widely spaced watering 
places, and on areas grazed too closely year after year
thus preventing the building up of adequate food reserves 
in the plant's storage organs, and in providing a mulch for 
soil protection. Good to excellent range condition typical
ly occurs where these factors are given due consideration 
]n the grazing plan. 

I 
MODERATE 
GRAZING. 
Improving 
range; 
decreasing 
erosion 

4. Dense, Climax Perennial 
Grass Stage 

Agropyron, Stipa, Poa, 
a few perennial forbs. 
(Excellent range condition) 

I 1 
3. Mixed Perennial Grass

Forb Stage 

Poa, Festuca, Melica, 
Stipa, Geranium, Chry
sothamnus. 
(Good range condition) DESTRUCTIVE 

t I GRAZING. 

I 1 

Declining 
'~' range; 

2. Perennial Herb Stage increasing 
erosion 

Artemisia, Pentstemon, 
Achillea, a few short-lived 
perennial grasses. 
(Fair range condition) 

t I 
I I 

I .). 
I. Sparse Annual Herb Stage 

Chenopodium, Collomia, 
Polygonum, Sophia, a few 
annual grasses. 
(Poor to very poor range I 

condition) .). 

Figure 1. Sequence of successional development, with cor
responding range condition ratings-from 1, a sparse annual herb 
stage to 4, a dense, climax perennial grass stage, and with inter
mediate developmental stages shown in 2 and 3. Generalized from 

studies in the Wasatch Mountains, Utah. 

The United States Soil Conservation Service, which in 
the last decade has been particularly active in explaining 
and adopting the range condition concept to individual 
ranchers, has published many local guides on range con
dition (4, 16, 25). This and other agencies have employed 
€ssentially the following range condition classes: 

Excellent condition: range production from 80 to 100 
per cent of capacity. 

Good condition: range production from 60 to 80 per cent 
of capacity. 

Fair condition: range production from 40 to 60 per cent 
of capacity. 
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Poor condition: range production from 20 to 40 per 
cent of capacity. 

While setting up condition classes according to the 
status of the vegetation and the soil, a third factor, name
ly, estimates of the relative abundance of the mulch layer, 
are also noted. These estimates are usually recorded after 
first weighing the raked-up mulch obtained on sample 
plots. Infiltrometer studies strongly support the con
clusion that an adequate mulch layer favours maximum 
infiltration, minimum run-off, erosion and surface evapo
ration, good seed germination and seedling establishment, 
and a large forage yield of desirable quality. 

PROPER RANGE UTILIZATION 

Desirable as it is to classify and map a range into its 
respective condition units, this procedure is only a step in 
indicating the possible need of adjustment in the existing 
management practice. 

Poor range condition rating is a reflection of too close 
forage utilization, that is, overstocking, poor livestock 
distribution, and other malpractices. Utilization is con
veniently expressed as excessive, close, moderate, or light. 

Clipping experiments, associated, as they have been, 
with a study of the percentage of carbohydrate stored in 
the roots and stem bases of perennial grasses in the 
autumn, have been helpful in determining proper range 
forage use (18). The degree of allowable use of a given 
range area is essential1y determined by the proportion of 
the season's forage growth, or volume, of the key forage 
grasses that remains on the ground when the animals are 
removed. For convenience to the operator and the ad
ministrator, range correlations have been worked out 
between the volume that should remain ungrazed and the 
stubble height of the better forage grasses. As would be 
expected, the volume-stubble height relations vary ac
cording to the grass species which predominate in the 
different climatic regions. A range which for many succes
sive seasons has not been cropped beyond the stubble 
height recommended, should be producing maximum 
forage crops and should be in good to excellent condition. 

The standards of use for ranges supporting chiefly an
nual plants, as in the foothills and valleys of California, 
are mainly based upon a measure of the current growth 
that remains on the ground when the next season's forage 
crop begins greening up (10). On these ranges an average 
stubble height of 2 in., or from 400 to 1,200 lb. of the cur
rent growth per acre, should remain when the grazing 
season closes. Areas so handled are regarded as having 
been grazed moderately, and their condition is usually im
proving or is good to excellent (Figures 2 and 3). 

GRASSLAND 1\IORE VALUABLE THAN GOLD 

It is noteworthy that the grasslands of the world pro
vide a fundamental agricultural resource of great value. 
In the United States, the grassland crops have outranked 
in intrinsic value all the gold that has been mined in this 
country. In order to preserve this great wealth for pos
terity, adequate protection must be given at all times to 
the basic resource-the soil-and to the superior forage 
plants which it supports. Maximum grazing use, year after 
year, of these widely divergent lands is not a simple, yet 
not an unsurmountable, problem. Clear understanding 
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Figure 2. Poor range condition. A California foothill range o£ annual vegetation which has been overgrazed by cattle for several 
successive seasons. The yield of high quality forage is relatively small. Erosion has been severe and little of the A-soil horizon 

remains. The numerous trails shown were formed during the wet spring period as a result of too early grazing. 

Figure 3. Excellent range condition. A California foothill range of annual vegetation which has been properly utilized by cattle. 
There is no more than normal soil erosion, the surface soil is mellow, there is an adequate covering of mulch, and the yield of nu

tritious grasses is large. 

and timely application of the principles underlying tested 
range management practices are the keynote to a con
tinuous and prosperous livestock industry. 

Mention has been made of some of the means at the 
disposal of operators and administrators of maintaining 
desirable range condition. This, it has been pointed out, 
can best be accomplished through the use of a few indi-

cators which show, in its incipiency, change in plant 
composition and declining grazing capacity (20). 

Conservative grazing-implying stocking of the range 
at a rate that will ensure adequate, nutritious forage in all 
but the poorest growth years-is the first essential of basic 
management planning. Likewise, stocking the lands with 
the kinds of animals for which the forage and physical 
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conditions of the lands are best suited, is a big step toward 
proper range use and maximum production of needed live
stock products. Too close grazing does not pay, in the 
long run and in the interests of society (5, 10, 20). 

One should be constantly mindful of the fact that 
grazing lands in good condition yield the largest, most con
tinuous returns of which they are capable. Maintenance of 
good range condition may be achieved by application of 
ecological principles to set up standards for judging trends 
in the plant cover, and of introducing remedial measures 
when and where needed. 
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British Grassland Problems and Some Results 

WILLIAM DAVIES 

ABSTRACT 

Distinction is made between leys and permanent grassland. Data are presented to show that the ley is the more 
productive in terms of animal live weight gains. Much emphasis is placed upon grass as a crop-even as the most impor
tant crop in Britain, and one whose improvement and upgrading on a nation-wide scale could help enormously to step 
up the output of British farming. Improved pastures using leys based on improved seeds mixtures, well fertilized and 
fully utilized, are able to produce more S.E. and P.E. than most arable crops; this class of pasture also builds up soil 
fertility at a rapid pace. 

The quality of British grasslands is still low on the average-figures are quoted to stress this point. The replace
ment of permanent grass by leys would greatly improve quality as well as output. 

The farming of Britain is essentially based on its live
stock. The standard of our farming, and especially on the 
mixed farm, will materially depend upon the management 
and utilization of grassland. The better-treatment now 
given our pastures is bound to have a far-reaching effect 
upon the total output of animal products in the country 
as a whole. Two p:)ints need emphasis in this connexion, 
namely that: 

(a) The production of feed (as measured by S.E. and 
P.E.) from grass is greater than that from the normal 
arable crop where fed to livestock. 

(b) Short term leys have an appreciably higher produc
tion potential than has old grassland. 

In order to achieve maximum output from our live
stock farming, the farming programme must· be so de-
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signed as to place grassland improvement very high on the 
list of priorities on a nation-wide scale. Grassland is the 
basis of livestock farming because of the relative cheap
ness of the food producing unit when grass is being con
sumed in situ by the grazing animal at pasture. Various 
<:alculations have been made to compare costs of feeding 
on summer grass compared with indoor or stall feeding in 
winter. All these find common ground in noting that 
summer grass is cheap and that the summer grazing costs 
are of the order of one-third to one-quarter of the costs of 
feeding the same quantity of nutrients indoors during the 
winter period. 

Another aspect of the problem which makes wide scale 
pasture improvement imperative in Britain is the effect 
good grass has upon soil fertility as measured by crop
yielding power. Exact data are difficult to achieve but 
there is little doubt that good grass as a product of good 
farming builds up the soil with the result that increased 
yields follow. Here the place of the ley or rotation grass
land must be indicated in relation to permanent grass
land. The greater proportion of the grazing and hay 
grounds in Britain (and especially in England and Wales) 
is permanent pasture. Much of this has been down to grass 
for a long time. Most of it, however, has been under the 
plough at one time or another as is indicated by the plough 
furrows which cross these fields throughout the country. 

The total agricultural area of England and Wales is 
approximately 30 million acres. About one-third of this 
area is now in tillage; nearly one-sixth in rough grazings; 
about one-ninth under rotation grass; and the remaining 
one-third is in permanent grassland. There are, in fact, 
about 10 acres of permanent grass to 3! acres under the 
more productive rotation grass. Our problem, therefore, 
is clear. If we are to achieve higher production from our 
grasslands we have to replace the present-day permanent 
grass by leys, and our farming policy must be designed on 
the basis of the ley and of taking the plough around the 
whole farm. Not only have we in Britain far too large a 
proportion of permanent grass but the majority of this 
grassland is of comparatively low production. In particu
lar, it has a short period of seasonal growth compared with 
the ley when the latter is based on a proper balance of 
grass and clover. The well-farmed ley starts growth ear
lier in the spring and goes on producing succulent keep 
later into the autumn than the normal run of our perma
nent pastures. The improved strains of grasses and clover 
that are now available on the British market make possi
ble a still longer grazing season. By the use of specially 
designed seeds mixtures, some of the seasonal fluctuations 
due to dry weather after midsummer can be smoothed out. 

In the drier parts of England mixtures based on lucerne 
with cocksfoot or some other appropriate companion grass 
will yield green feed under conditions of considerable 
drought. When such mixtures are managed and manured 
appropriately they can be made to produce a greater 
quantity of feed than when treated in haphazard fashion. 
Seasonal fluctuation in the growth of pastures is a feature 
by no means confined to districts of low rainfall but may 
also be a severe strain on the stock-master even in the high 
rainfall districts of the west and north of Britain. Under 
high rainfall conditions, however, the normal type of ley 
<:an be designed so as to tide over the usual gap in produc-
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tion in a dry spring or summer. Special purpose leys, 
based variously on cocksfoot, meadow fescue and other 
species, have also been employed to cater for these gaps. 
The aftermath growth from such leys is sufficient to tide 
over the dry weather of a normal summer. 

The principle that emerges from these facts is that by 
the use of 

(a) Specially designed seeds mixtures, 
(b) Appropriate grassland management, and 
(c) Special fertilizer treatment (usually involving dres

sings of nitrogen) the output from our leys can be substan
tially increased and seasonal production lengthened with 
the fluctuations partially smoothed out. 

The agronomic work on pastures being conducted at the 
Grassland Improvement Station at Stratford-on-A von, 
England (1) 1 is, in quite considerable part, directed 
towards the problem of seeds mixtures in relation to 
efficiency of production. The land occupied by the Station 
since 1940 was in a completely derelict state before the 
war. Its production at that time, in terms of animal 
products, was very low. Under a system of ley farming 
the results from recent years have clearly shown that high 
output in terms of animal live-weight gain, both in sheep 
and in cattle, can be achieved on these lands. Further
more, good quality leys can be maintained for at least five 
years, and probably for a much longer period, without 
showing deterioration. Since 1944 careful measurements 
have been made at the station in relation to live weight 
gain in cattle and sheep. Although we have no exact 
figures of the pre-war output, we know that the poor 
permanent grass at the station is likely to have yielded 
something of the order of 50 lb. live-weight gain per acre. 
In recent years we have more exact figures and Table I 
will show the range of figures which have been recorded in 
live-weight increase trials at the station. 

Table I. Grassland Improvement Station, Stratford-on-Avon 

Live weight gains per acre (various leys) 

Year lbs. per acre 
live-weight gain 

No. of Type of stock 
fields 

involved 
1944. 279 (range 216-342) 2 sheep 
1945. 287 (range 214-370) 7 cattle and sheep 
1946. 394 (range 216-559) 10 cattle and sheep 
1947. 285 (range 170-385) 7 cattle and sheep 
1948. 391 (range 195-513) 9 cattle and sheep 

In the main, the figures given show that there is con
siderable consistency and no real tendency for the yields 
to fall. During the wet summers of 1946 and 194.8 the 
figures were above average, whereas in 1947, a typically 
dry year, average figures were recorded. 

To achieve this standard of output, however, ley grass 
must be farmed efficiently and well. Balanced seeds mix
tures must be used, utiliz~tion must be at a high standard, 
and there should be adequate manurial treatment. On 
most soils throughout Britain there is a serious deficiency 
of phosphates and of lime. Some of our lighter soils are 
also deficient in potash. The response to nitrogenous 
dressings may be very marked but clearly nitrogenous 
manures of high solubility have to be employed with care. 
These latter, if applied in haphazard fashion and without 

1 Numbers within parentheses refer to items in the bibliography. 
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adherence to the tenets of good husbandry, can do ap
preciable harm. In proportion. as the stan dar~. of farming 
is high, however, the use of mtrogenous fertilizer can be 
safely advised to increase pasture yields .and, even more 
important, to provide a means of extendmg the seasonal 
growth on pastures and particularly on leys. 

It has been said that ley farming offers a means for in
creasing production. It is not, however, simply a matter 
of increasing the yield of specific fields. The ley farmer has 
to plan his farming as a whole. It is by sue~ planning ~nd 
by employing the ley as the pivotal cr?p m the. rotatwn 
that an all-around upgrading of productive capacity of the 
farm as a unit may be achieved. 

We have abundant evidence in Britain to show that our 
leys are more productive than permanent grass. There 
are indications that we can plough up even the best of our 
old grassland, put it through a rotation an~ re-establish 
levs in its place. Such leys are more productive than any 
b~t the very choicest of the old grasslands in the renowned 
fattening districts. Our problem is to fit this knowledge 
into the planning of our farms; the majority of. these are 
laid out badly in relation to modern needs and With regard 
to economic management of the farm unit. Even so, by 
the use of present-day knowledge relative to the ley, gre~t
ly increased production is made possible. Clea:ly such .Ill

creases will be proportional to the care taken m plannmg 
the rotations, and in designing the leys in relation to the 
livestock policy of the farming unit. 

Recent trials designed to compare the output in terms 
of live-weight gain in cattle from new leys compared with 
some of the best feeding pastures of the country have 
shown that, perhaps with the exception of some of the 
very best fields situated on the richest of soils, the ley 
comfortably outyields even the good types of permanent 
pastures. Table II summarizes some of these data (2). 

It must be clearly understood that the old grassland 
under test in these comparative trials is a great deal more 
productive than the average permanent pasture of Britain. 
Even so, on the average the young pastures, or leys, have 
yielded one-third more animal live weight gain than the 
old pastures. The Leicestershire centre (Centre No: 1), 
where the figures are in favour of the old grassland, IS on 
rich soil and the grassland superbly managed. 

A pre-war survey of British grasslands (3) showed that 
only 1.6 per cent of the lowland grasslands of England and 

Table II. 
Live-weight Gains (Relative) of Permanent Grass and Leys 

Centre Experimental Live-weight gains, cattle 
Years Relative yield (average) 

------

Old pasture Young pasture 
(ley) 

l. Leiccstershire (a) 1945/47 100 97 
2. Leicestershire (b) 1945/47 100 ll8 
3. Sussex 1945/47 100 169 
4. Essex 1945/46 100 123 
5. Herefordshire 1945 100 164 
6. Bedfordshire 1945/47 100 160 
7. Durham 1946/4 7 100 106 

All centres 100 134 

Wales conformed to the type under test and on which the 
foregoing figures (Leicestershire centres) have been based. 
This 1.6 per cent represented the very best of our old 
pastures, whereas the normal run of British pastu:es were 
either third or fourth class (27.4 per cent bemg third class 
and 60.6 per cent fourth class). In the aggregate these 
"average" pastures accounted therefore for 88 per cent of 
the total lowland grasslands of England and Wales. New 
leys are known to be far more productive than average old 
grasslands but it is interesting to note that the leys have 
also out-yielded the good quality pastures and that by a 
margin on the average of 34 per cent during the first three 
years after sowing (Table II). 

Another interesting point in connexion with these ani
mal production trials was that, on the whole, the animals 
have fattened about as well, and sometimes better, on the 
new swards than on the old. It has also become evident 
that the old grass and the new have strikingly different 
growth curves and, in fact, require quite different syste~s 
of management in order to make the best of them. This 
raises many problems in connexion with the technique for 
conducting these experiments. This aspect is now being 
critically studied at the Grassland Improvement Station. 
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Soil Fertility and Pasture Production: 
Legumes, Fertilizers and the Grazing Animal 

P. D. SEARS 

ABSTRACT 

(I) The effect of clover and of animal droppings on the yield and composition of pasture associations has been 
studied. 

(2) Where grass is grown without clover and without return of dung and urine the yield was about 1,600 lb. dry 
matter per acre; where clover and grass are grown together the yield was about 9,500; where phosphate and lime are 
added to the grass-clover association the yield increased to about 11,000; and finally where the dung and urine of grazing 
animals are also returned the yield went to 14,000 lb. 

(3) Grass without clover showed no increase with phosphate and lime and only small increases with dung and urine. 
Such grass plots quickly reverted from ryegrass to low fertility species. 

(4) Ryegrass responds to added phosphate only when the nitrogen status of the soil is maintained at a high level 
by the action of legumes, animal manure (particularly urine) or artificial nitrogen. 

(5) It is important that in a grazed pasture there is both underground and overground transport of nitrogen from 
legume to associated non-legume. 

(6) The effect of the animal by its grazing habits and trampling effect can markedly change the botanical com
position of the pasture sward, The problems of pasture growth must, therefore, be studied against a full background 
of the various factors operating in the grazed sward. 

"And before anyone builds a new estate upon the industrial 
proletariat he will be wisely cautioned to discover that the 
source of all wealth is the peasantry of grass." 

These words of Donald Culross Peattie express a general 
truth and are rightly addressed to the world at large; but 
to no other country do they apply with greater force than 
to New Zealand. 

Here, with our favourable climate, the possibilities of 
increased wealth from a full exploitation of grassland are 
truly immense. These possibilities lie not only in the in
crease of animal products, but also in the greater produc
tion of (direct) food crops, made possible by capitalizing 
the increased soil fertility which can be built up through 
efficient pastures. 

The highest levels of pasture increase may be expected 
in the lowland districts of the North Island where yields of 
up to 14,000 lb. of dry matter per acre per annum (with an 
average Crude Protein content of over 24 per cent and 
equivalent to approximately 500 lb. of butterfat or nine 
ewes and lambs) have been recorded in official trials. 

There is also great scope for improvement on the hill 
country, and in the lowland areas of the South. In these 
latter regions climatic conditions are more severe and 
consequently the per acre yield of herbage is lower (8,000 
to 9.000 lb. dry matter) and less evenly spread over the 
year. Nevertheless the potential production from these 
areas is high compared with that from land of similar topo
graphy in other countries. 

advantage of the opportunities now available. It can be 
confidently expected that these opportunities will be 
more generally realized during the next decade 'With con
sequent improvement in the production from our grass
land. 

Much of this improvement will come from a greater use 
of the newer strains of pasture plants. Better subdivision 
and greater use of lime and fertilizers will also play their 
parts, but maximum increase will come only when farmers 
generally gain a better understanding of the principles of 
pasture growth and utilization so that all efforts are 
directed along clearly defined paths, waste is avoided, and 
guesswork way to a properly integrated approach to 
the problem. 

EXPERIMENTAL WOim 

The purpose of this paper is to discuss some of the 
results of recent work carried out by the author (at the 
Grasslands Division) with the object of adding some ex
perimental data to the already existing body of knowledge 
on the intricate relationships between soil, pasture plants 
and the grazing animal. The trials discussed have covered 
a fairly wide field in the past ten years, ranging from ani
mal feeding trials to soil fertility studies. It will be ap
preciated that details are impossible in such a paper as 
this but these have been, or will be, published elsewhere 
(or are still in progress). 

THE E:FFECT OF CLOVERS A::-lD FERTILIZERS 

The country is justly proud of the endeavours and Perhaps the best starting point is a trial at Palmerston 
achievements of those pioneers who found this land a North in which grasses are grown with and without 
wilderness of forest, scrub, and tussock, andhavechang~d clovers, and with and without added lime and phosphate. 
it into farm land as productive as that to be found almost The treatments were othenvise the same, the herbage 
anywhereintheworld.Butthereisnoreasonforcomplacen- being mown and removed and analyses made on the 
cy when the present production is compared with what species within the mixtures at every cut. It is important 
could be achieved by the average farmer if he took full to note that the soil on which the trial was made was of 
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excellent quality and at sowing time was high in plant 
nutrients, while a full range of pedigree grasses and 
clovers was used in the seeds mixture sown. The lime and 
phosphate dressings made were in amounts that equalled 
those removed in the highest yielding treatment. Yields 

and composition of the dry matter of the herbage for the 
period 4 May 194 7 to 4: May 1948 and weights of the earth
worm population at 10 September 1947 are shown in the 
following Table I. The trial was sown down in March 
1946. 

Table I. Yield and Composition of Grasses and Clovers under Mowing at Palmerston North 
for Period 4 May 1947 to 4 May 1948 

Treatment Dry 1'v1atter 
per acre in lb. 

Grasses alone no fertilizer . . . . . . 
Grasses alone + lime + superphosphate 
Grasses + clovers-no fertilizers. 

Grasses. . . . . . . . . . . . . 2,729 
Clovers. . . . . . . . . . . . . 6,744 

Total .......... . 
Grasses + clovers + lime + superphosphate. 

Grasses. . . 3,301 
Clovers. . . 7, 604 

TOTAL . 

1,590 
1,586 

9,473 

10,927 

Crude 
protein 

13.0 
13.3 

20.9 
29.7 
26.9 

21.8 
30.8 

30.0 

D.M. 

p Os 

0.98 
1.11 

1.19 
0.90 
0.98 

1.35 
0.97 

1.08 

CaO 

0.91 
0.88 

0.70 
1.92 
1.55 

0.78 
2.19 

1.76 

Earthworms 
as at 1,10,47 

per 
acre 

2.6 
2.8 

16.2 

19.2 

per worm 
(Grams) 

0.22 
0.20 

0.30 

0.35 

The outstanding features of the results shown are: clover mixtures, it is apparent that total nitrogen fixation 
(1) The large increase in total herbage following the by the clover bacteria has been equivalent to at least 

inclusion of white clover. This increase is, of course, large- 2,000 lb. of sulphate of ammonia per acre per year at the 
ly due to the clover plant as such, but it is of importance 10,000 lb. dry-matter level. By contrast the nitrogen 
to note that the yield of grass in the mixed sward is much available from all other sources to the grass plots is not 
greater than in the pure grass plots. The effect is seen in more than 34 lb. per acre per year. The nitrogen uptake 
both fertilized and unfertilized sets, and is undoubtedly of the grass in the grassfclover mixtures amounted to 
due to lack of nitrogen in the pure grass series. This be- 116lb. for the year giving an estimated subsurface transfer 
came apparent early in the trial as soon as the original of nitrogen of the equivalent of approximately 4 cwt. of 
supply of soil nitrogen had been used up by the growing sulphate of ammonia per acrefannum. 
plants. ( 4) The data on earthworm weights are included be-

Total grass yields, however, do not tell the whole story. cause of the surprising correlation with weight of herbage 
The grass swards which were almost pure ryegrass at the produced. From the relatively few results obtained thus 
beginning of the experiment have now deteriorated to a far it appears that soil which grows herbage sufficient for 
very weak open browntop-Chewing's fescue dominant as- the requirements of a certain weight of grazing animals 
sociation, whereas the grass-clover swards are holding also supports a similar weight of worms below the surface. 
both ryegrass and cocksfoot quite strongly with white It is of interest in this connexion that the soil texture is 
clover and red clover. Indeed the grass content of the better and the organic matter higher in the grass-clover 
association is increasing, especially in the fertilized treat- than in the grass plots. 
ments, and this can be only due to the subsurface transfer The table does not include botanical compositions other 
of nitrogen from clover nodules to grass roots. The better than the gross grass: clover ratio, but it should be men
response from the fertilized plots is attributed to the added tioned that fertilizing practice has markedly affected the 
phosphate which is by now a limiting factor in the un- character of the clover component. During spring and 
fertilized grass-clover plots. This will be appreciated when summer of the past year white clover grew more vigorous
it is realized that from the latter 195 lb. of P 20 5 had been ly in the fertilized than in the unfertilized plots with con
removed up till the end of the period under review. sequent greater suppression of red clover. Hence in the 

(2) The quality of the total herbage as measured by late summer and autumn period which was abnormally 
lime, nitrogen and phosphate levels is better in the grass- dry, the red clover in the unfertilized plots made excellent 
clover than in the pure grass plots. Again this is largely growth with the result that the fertilized plots were out
the result of the clovers in the association but also the yielded. It is important to stress that if red clover had not 
grasses in these mixed swards show increases in concentra- been included in the mixture, the relative effect of the 
tion of the constituents mentioned. But perhaps the most added fertilizer would probably have been much greater 
important feature in relation to present farming practice for the whole period, or in other words the red clover has 
in this country is that the lime and phosphate contents of saved some of the need for extra phosphate to increase the 
the herbage in the grass plots were not greatly increased production. 
by fertilization with these manures simply because the In this simple trial is seen the core of the whole problem 
limitation imposed by inadequate nitrogen supply pre- of soil fertility building through pasture management. 
vented their utilization. (1) The non-leguminous sward drains the supply of 

(3) By subtracting the nitrogen of the herbage of the available nutrients and contributes little if anything to 
pure grass series from that in the corresponding grass; soil fertility. 
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(2) The supply of lime and phosphate does not increase 
growth on non-leguminous swards because of the nitrogen 
limitation. 

(3) Clover removes this limitation and makes possible 
extra yields by the addition of lime and phosphate. 

(4) Great care must be taken to ensure a management 
which enables each species in the sward to give its maxi
mum production when most required. Thus if red clover 
is required as autumn feed the pasture must be managed 
so that it is neither smothered by the earlier growth of 
ryegrass and white clover nor is eaten out by too close 
spring grazing. 

A common case in farm practice equivalent to the non
leguminous sward is that of the field cut continuously for 
hay, silage or dried grass, conditions which favour the 
disappearance of legumes and deplete soil reserves. 

Where cropping for grain is practised a certain propor
tion of the unavailable soil nutrients are made available, 
by the cultivations, but the price is a considerable loss in 
organic matter with ultimate loss of soil structure and 
fertility. If legumes are used as the intermediary crop 
between grains an increase of soil nitrogen may be effected 
without such loss of organic matter but the mineral drain 
of the crops must of course be made good artificially. 
Where such a leguminous crop is ploughed under there 
can be expected an increase in soil organic matter as well 
as the nitrogen addition. 

Table I is concerned with grasses grown under conditions 
where the main nitrogen supply came from clover bacteria. 
As an example of what happens under very heavy ap
plications of fertilizers, another trial may be quoted where 
ryegrass in a pure stand is grown with various additions of 
artificial fertilizcts, added at intervals over the year in 
quantities calculated to support an annual yield of 18,000 
lb. dry matter per acre per year. The relevant results for 
the period January-July 1948 are shown in Table II, the 
trial having been laid down in March 1947. 

Table II. Relative Yields of Dry Matter in a Pure Ryegrass 
Sward under Mowing at Palmerston North 

No added fertilizer 100 
Plus adequate phosphate 

(8 cwt. superphosphate per acre/annum) 102 
Plus adequate nitrogen 

(800 lb. N per acre/annum) 194 
Plus adequate N + P 

(800 lb. N + 8 cwt. super) 258 

At the low nitrogen level there is no response from added 
phosphate while at the high nitrogen level the response is 
over 25 per cent. This is entirely in line with recent 
American work on oat yields at varying nitrogen and 
phosphate levels. 

THE GRAZING AND1:AL 

The discussion thus far has dealt with conditions where 
the herbage is cut and removed. Under grazing the posi
tion is very different since the grazing animal retains only 
a small part of the ingested food and excretes a large pro
portion of the mineral nutrients on to the sward. This is a 
potent factor in pasture growth and composition, and in 
soil fertility maintenance. 

For some years past, trials have been conducted at 
Palmerston North and at Lincoln, in Canterbury, to 

SEARS 

measure the quantity and effect of animal dung and urine 
under grazing conditions. 

specially harnessed and equipped sheep, both 
trials were run on first class land, sown with the best 
grasses and clovers, and adequately supplied with lime 
and superphosphate. The potash status of both soils is 
very high. The results are, therefore, those at a very high 
pasture production level. Results at Palmerston North 
for the period 1941-1945 are shown in Table III. 

Table Ill. Yield and Composition of Grazed Pasture With and 
Without the Return to the Sward of Dung and Urine 

Average Percentage of Percentage 
annual Botanical of annual 

dry matter composition production 
per acre in the 

in lb. Grass Clover winter 
period 

~o return of dung or 
urine 10,600 49 51 9.0 

Return of urine . 12,200 65 35 lOA 
Return of dung. 12,500 57 43 lUI 
Return of dung and 

urine 14,000 72 28 12.3 

It was clearly seen during the course of the trial that the 
effect of urine was to encourage the grasses, whilst the 
dung which initially encouraged clover growth, later 
caused a marked increase in the grass: clover ratio. 

Where both dung and urine were returned (in normal 
grazing) the pasture developed strongly into a well
balanced ryegrass-white clover association with a good 
annual spread of production. Where no dung or urine was 
returned (similar to the mowing trial-Table I) the pro
duction of the sward was lower and less well spread over 
the year, while the grass proportions were much lower. 

The paddocks receiving only urine showed a marked 
stimulation of grass growth in the earlier stages of the 
trial but this effect became less pronounced as the trial 
proceeded. It is considered that this later decrease in the 
grass- clover ratio was due to lack of phosphate despite the 
annual application of 4 cwt. of superphosphate. This is 
parallel to the second mowing trial (Table II) and to those 
cases in field practice where a need for phosphate is found 
after cultivating land for crop, with the increase in soil 
nitrogen consequent on this process. 

}feasurement and analysis of the dung and urine shows 
the very high fertilizing capacity of the grazing animal. 
In pounds of artificials per acre per annum on the pasture 
which produced an average of 14,000 lb. of dry matter, the 
animals returned the quantities of major plant nutrients 
as shown in Table IV. 

In addition there is returned to the soil all the un
digested organic matter, and other very valuable but 
smaller constituents which these materials contain. 

Table IV. 

Urine .. 
Dung .. 

TOTAL. 

Value of Dung and Urine, in Pounds of Artificials, 
from Grazing Animals 

Sulphate of Super· Carbonate 
ammonia phosphate of Lime 

1,996 
723 

2,729 

Trace 
683 

683 

Trace 
268 

268 

30 per cent 
potash salts 

1,670 
197 

1,867 
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The effect of return of dung and urine to pastures at 
much lower production levels are shown in Table V. Both 
series were of pure grass without clovers and without any 
artificials, and the yields are shown for the period May 
194 7 -May 1948 after a two years' trial. 

Table V. Effect of Return of Dung and Urine on Low 
Production Pasture Without Clovers at Palmerston North 

No return of dung or urine ... 
Full return of dung and urine 

Total dry matter 
per acre 

per annum 
1,590 
3,364 

Percentage 
of 

Grass 
98 
99 

As compared with the results in Table III the effect of 
the dung and urine is relatively much greater (100 per cent 
as against 30 per cent) because here there is no clover pre
sent that could develop and fill in for the lack of nit
rogen caused by the non-return of the urine and dung. 

At Lincoln (Canterbury) where the summer and autumn 
conditions are much drier, quite unexpected results were 
secured from similar trials conducted at that station. 
Results for the mixed pastures which were fertilized with 
lime and phosphate are shown in Table VI for the period 
May 1945-May 19118. 

Table VI. Effect of Dung and Urine on Mixed Pasture at 
Lincoln for Period 1945-1948 

Total Percenta.ge of 
dry matter dry matter 

----,--~~ --·······--
per acre Grass W kite Red 

per annum. clover clover 
)To return of dung or 

urine . . . . . . 9,500 34 15 51 
Full return of dung 

and urine . . . . 9,600 76 10 14 

Percentage 
of tota.l 

growth in 
the winter 

1.9 

6.3 

Here it is seen that the effect of the return of dung and 
urine was to develop a ryegrass dominant sward and to 
depress the clovers, especially the red clover. Autumn 
production was consequently lower because of the much 
lower growth at that time of ryegrass compared with red 
clover. This latter species had been able to develop very 
strongly in the "no return" series because of the low 
competition from the grass in the spring period and so 
production here was high in the autumn. This led to the 
net result that total annual yields were approximately the 
same for both treatments. It must be noted however, that 
the fertility draining in the "non-return" series wa<; made 
up partly by the application of lime and phosphates. 
Other series showed the effect of this in lowered yields 
where such replacements were not made. 

In all these trials mature dry were used. Measure-
ments on other classes of stock give added information on 
the extra fertility drain by such animals. Examples of 
such are shown in the following table assembled from 
various sources: 

Table VII. Percentage of Retention of Nutrients by Animals 

Ask Constituents 

Re- Dung Urine Re- Dung 
tained tained and urine 

Milking cow . 25 18 57 10 90 
Fattening Sheep . 4 17 79 4 96 
Fattening Pig 15 21 64 4 96 

Per Acre Fertility Drain by Disposal of Animal Produce orCarcases. 

l. Milking cows at 600 gallons ofmilkperacre: 2i5lb. butterfat 
per acre. 

Whole product sold off farm. 
As cheese-whey returned. . . 
As butter-fat-skin milk returned 
2. Cattle Beast (1,000 lb.) one 

beast per acre 
Raised and fattened on farm. 
Stores-fattened only on farm. 
3. Sheep at 6 per acre-150 lb. 

live-weight each. 
Raised and fattened on farm. 
Stores brought in and fattened 
4. Fat lambs at 6 per acre. 

7 5 lb live-weight each. 
5. \Vool 72lb. per acre 

(6sheep). 

Per acre losses in fertilizer ingredients 
-······· ···-··· 

Sulphate Super- 30 Carbon-
of am· phos. per cent ate 
mama potash of hme 

sa.tts 
160 lb. 60 lb. 30 lb. 2llb. 
140 lb. 35lb. 31b. 

Losses negligible 

ll6lb. 7i lb. 5llb. 40 lb. 
Losses negligible 

105lb. 48lb 48lb. 2llb. 
Losses negligible 

57 lb. 24lb 24lb. lOlb. 

'13lb. 32lb. 

THE SOIL FERTILITY CYCLE 

With the above background it is possible to outline the 
working of the soil fertility cycle and to cite a few of the 
many ways which such information can be used in prac
tice. 

l. The all-grass sward 
Where a sward is composed wholly of grasses and non

legumes, added lime phosphate or potash will not signifi
cantly raise production, as growth will be limited primari
ly by the amount of nitrogen mainly supplied by free
Jiving soil bacteria. The added minerals perhaps assist in 
the action of such bacteria, but the nitrogen-fixing power 
of these is small as they are limited by the amount of 
organic matter in the soil. This is low in such a sward 
whether under grazing or mowing. 'Cnder mowing with 
removal of the herbage, the soil fertility drain is much 
more rapid than when and the dung and urine 
returned, but in both cases the end result is a weak pasture 
of low fertility species such as browntop, Chewing's fescue, 
Danthonia spp. and various weeds. Because of the low 
total production, the uptake of minerals is also low and 
added phosphate, etc., will be largely wasted. If artificial 
nitrogen is applied, however, the pasture will produce 
satisfactorily so long as the other nutrients are present in 
sufficient concentration. The amount, cost, and compata
bility of the artif1cial nitrogen required for pure grass pro
duction will usually preclude this method in practice, 
except for special purposes. 

2. The mixed sward 
'Where grasses and clovers are sown on poor so.il some 

nitrogen is necessary to establish both these plants. Given 
this and a minimum of other nutrients the clover can 
establish and provides a host for its nodule bacteria. The 
clover then exchanges part of its synthesized carbohydrate 
for nitrogen fixed by the bacteria (provided they are 
"effective") and so there is an increase in clover growth. 
Added lime and phosphate aid not only in correcting soil 
acidity, but provide extra available plant food for the 
clover plant to use for its further growth. Part of the 
fixed nitrogen becomes directly available to the grasses of 
the sward (see Table 1), whose proportion steadily in-
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creases in relation to the clover. It naturally follows that 
the key point in pasture building is to ensure the use of the 
best strains of clover for the particular conditions, and the 
provision of an "effective" strain of legume bacteria as 
well as using the best grass strains to take advantage of 
any increase in soil fertility. Management of the sward 
must then be so adjusted that all species establishment is 
facilitated. 

3. The grazed sward 

The grazing animal now eats this clover dominant 
herbage and, after taking its requirements, returns the 
nutrients in its dung and urine. The urine applied in high 
concentrations produces local grass dominance due to the 
supply of soluble nitrogen and potash. The dung initially 
encourages clover growth but later the slow acting nitro
gen becomes of value to the grass. Thus the sward now 
swings between grass and clover dominance depending on: 

(1) Loss of nutrients due to retention by the animal for 
milk production or body growth, and to leaching from the 
soil. 

(2) Artificial fertilization. 
(3) The inherent persistence and vigour of the pasture 

species in relation to the particular climatic and edaphic 
conditions. 

It is essential that the urine and dung be returned even
ly to the sward over a period, otherwise the urine patches 
will suffer for want of phosphate and lime whilst the dung 
areas suffer for want of quick acting nitrogen; also, of 
course, the physical killing of the herbage by dung-pats 
must be avoided by harrowing, where necessary. 

After a pasture has been developed to clover dominance 
it is quite possible that more phosphate will be needed be
fore the better grass constituents can gain the dominant 
place and so raise total production. This can be calculated 
from a knowledge of the growth ability and chemical 
composition of grass, and clover. Pedigree New Zealand 
white clover growing at its best at Palmerston North will 
give a total annual yield of some 10,000 lb. of dry matter 
per acre. This contains on the average 0.9 per cent P 20 5 

and 5 per cent total N; pedigree New Zealand ryegrass 
growing at its best will give a yield of some 15,000 lb. 
dry matter with average 1.2 per cent P 20 5 and 3.5 per cent 
N. Let us assume that the clover growth has been pro
duced at this maximum by the use of phosphate. Let it 
also he assumed that this is grazed by mature animals, 
that the total phosphate and nitrogen is returned to the 
sward, and that these become completely available to 
provide for grass growth. The nitrogen supply from this 
dung and urine will support the 15,000 lb. of ryegrass 
growth, but over and above the phosphate in the dung, 
some 90 lb. P 20 5 (4 cwt. superphosphate) will be needed 
in the soil before the phosphate supply is sufficient for such 
production. 

SEARS 

Presuming this 15,000 lb. of grass growth is eaten and 
the dung returned to the land the amount of phosphate 
necessary to keep the cycle going is dependent on the los
ses within the soil or by means of the animal. On the 
other hand it may still be necessary to supply a small 
amount for full winter growth should soil temperatures 
drop too low for bacterial action on the dung, which ap
parently controls the release to the plant of phosphate 
from that source. A similar line of argument can be ap
plied for the other nutrients. 

EXTENSION IN FIELD PRACTICE 

Superimposed on this soil fertility cycle is the whole 
question of soil moisture, temperature, and the suitability 
of the various species with respect to these environmental 
factors and for their reaction to different grazing practices. 
This will obviously vary greatly but it is felt that the basic 
principles of soil fertility building and maintenance must 
be (a) to use those species of grasses and clovers most suit
able for each job; (b) to get these established and fed with 
the nutrients lacking in the soil; and (c) to manage the 
sward so that each component species is given a chance to 
fulfil its function, thus increasing both present and future 
production from the soil. Care must be taken to see that 
plant and animal residues are redistributed back to the 
soil which originally produced them, both if directly fed 
to that animal, or indirectly per medium of a by-product 
of another animal in the production chain; only by these 
means will soil fertility drain by animal production be 
kept at the desired minimum. For instance every effort 
must be made to ensure that the residues from pigs and 
other animals fed on the skimmed milk from the dairy 
herd, are returned to the paddocks from which the milk 
was originally produced. Controlled grazing to ensure an 
even redistribution of stock droppings within paddocks, 
the avoidance of "day" and "night" grazing areas, the 
feeding back of hay, silage, and crops on to the soil where 
the crop was grown, the collection of shed droppings and 
return to the paddocks; all these will materially assist in 
the avoidance of soil nutrient losses both within and off 
the farm. 

Of basic importance, too, is the correct use of the best 
pedigree strains of clovers and grasses so that fertilizers 
are fully exploited. To this end it is essential that our 
pedigree seed production industry, based on its scientific 
breeding programme, must be continued, and the appli
cation of present and new knowledge extended into the 
field by well planned and diligent extension services. 

All this will not be carried into practice by the waving 
of any official wand or by the wishful thinking of any 
academic body. What is needed is a forceful educative 
drive, backed up by strong financial support, willing to 
invest in the present and future ability of the farming 
population to fully exploit our greatest national asset. 
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Evaluation of Grassland by Botanical Research 
in the Netherlands 

D. M. DE VRIES, TH. A. DE BOER and J. G. P. DIRVEN 

ABSTRACT 

Botanical composition is a good standard for evaluation of grasslands; quality and productivity are closely related 
to it. The instantaneous composition of the herbage is expressed either in weight percentages or in the percentage ratio 
of the number of plants or tillers of the various species. These percentages, however, may vary strongly with weather 
and season. In principle this holds also for the units of the plant sociological Northern School (which are characterized 
by real dominancy) though predominance of one species is not likely to be replaced by that of another species, if the 
environmental factors do not change very much. The mass proportion on the moment of sampling is established in the 
Netherlands by dry weight analysis (percentage productivity method). 

Because we give each grassland plant an evaluation cipher we are able to express the botanical quality of the sward 
in one number, the so called grade of quality (gQ). By multiplication of this gQ with the percentage area covered we 
obtain the valuation-number, which gives a still better picture of the sward. 

For mapping the gQ is estimated in the field and mapped out in colours, each representing a gQ-class. 
Less dependent on time are the types of grassland, which are to be seen as combinations of species, consisting 

either of characteristic species which may occur in small quantities (associations and other units of the plant-sociological 
School of Braun-Blanquet) or of species which have a sufficiently high sociological specific frequency (our types). These 
types are established according to the plant-sociological 25 sq. cm.-frequency method. In this method the species are 
type-forming according to a priority system, but only if they amount to a certain specific frequency percentage. We 
distinguish main types, types and sub-types when there are respectively 1, 2 and more characteristic species. So this 
method pictures the potential quality of the herbage. It is possible to judge soil properties, degree of humidity, use, 
etc., from the botanical composition of the sward. This matter, however, is not discussed in this paper. 

For the evaluation of grasslands the botanical composi
tion is very important. The ratio between the good and 
the inferior components of the sward is indeed of great im
portance to the cattle-breeder. The quality and the quan
tity of hay and pasture crops depend for a good deal on 
this ratio; not only the productivity in the whole year, but 
also the spread of that productivity over the seasons. 
Next to the botanical composition and the density of the 
sward economical factors should be considered, e.g., the 
situation of the plot with respect to the farm buildings, 
and the cost of an eventual improvement. The original 
fertility in connexion with soil type as well as the 
manuring-status influence the botanical composition. The 
well manured grasslands on clay, e.g., hardly suffered from 
the war-time lack of fertilizers. The grasslands on sand 
and peat, however, that require more fertilizers to remain 
in good condition, became rather poor. These factors will 
not be discussed here. 

The evaluation by means of the instantaneous composi
tion and the density of the sward should be sharply 
distinguished from the long range evaluation based on 
the type of grassland. The instantaneous composition 
of the herbage, expressed either in weight-percentages or 
in the percentage ratio of the number of plants or tillers 
of the different species, namely is greatly influenced by 
weather and season. In principle this holds also for the 
units of the plant sociological Northern School, which are 
characterized by real dominancy. A strong predominance 
of one species, however, is not likely to be replaced by that 
of another species, if the environmental factors do not 
change very much. Less dependent on time are the types 
of grassland which are to be seen as combinations of 
species consisting either of characteristic species which 
may occur in small quantities (associations and other 

units of the plant sociological school of Braun-Blanquet) 
or of species, which have a sufficiently high plant-socio
logical specific frequency (our types). 

Firstly we will deal with the evaluation based on the 
mass proportion between the components of the sward. 
In the Netherlands we use on a large scale the dry weight 
analysis (percentage productivity method), by which we 
take numerous handsful or, if the herbage is short, borings 
of the sward, regularly distributed over the field; the size 
of these borings being 25 sq. em. The handsful or the 
borings are gathered into a collective sample, that is 
analysed and by which a good average picture of the 
botanical composition is obtained. For an area of one 
hectare, e.g., the reliability of the analysis is assured with 
100 handsful or 160 borings. If the composition is simple, 
weight-analysis can be replaced by estimating the produc
tivity percentage of the different species, but only by very 
experienced persons. In this way we get the amount of 
the various species expressed in weight-percentages and 
by conversion of these to the total yield, we obtain the 
separate yield of the different species. 

Comparing the analysis of the herbage of experimental 
fields we felt the necessity of expressing the botanical com
position in one number. Therefore we have decided to 
give each species a valuation cipher running from 0-10, in 
spite of the many difficulties connected with this evalu
ation. These numbers are based on: productivity as hay 
as well as in pastures, aftermath, sward-forming ability, 
regularity of production, coarseness, hairiness, palat
ability, etc. They only hold for old grasslands and no 
distinction has been established as yet with respect to 
strains, such as hay and pasture types. These valuation 
ciphers can surely be improved, because we often had to 
guess, especially in the case of weeds. In general, however, 
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they have proved to be of practical use. Besides this a 
certain species might be evaluated differently in various 
countries, e.g., Poa trivialis L. is appreciated very much 
in our humid sea climate, where water-retaining soils pre
dominate, as a productive, palatable grass which densely 
fills the spaces between other plants. In continental coun
tries it will be less appreciated because of the sharp de
crease in yield of this moisture-loving grass under dry 
conditions. By way of example follow now the agri
culturally important groups, which we distinguish: 

Good grasses (10-8): Lolium perenne L. (10), Festuca 
pratensis Huds. (9), Phleum pratense L. (9), Poa pratensis 
L. (9), .Arrhenatherum elatius Presl. (8), Poa trivalis L. 

"~1edium grasses (7-5): Alopecurus pratensis L. (7), Cyno
sunts cristatus L. (7), Trisetum fiavescens P. R. (7), Dactyl is 
glomerata L. (6), Agrostis stolonifera L. (5), H olcus lanatus 
L. Triticz~m repens L. (5); 

Inferior grasses (4-0); Agrostis tenuis Sibth. (4), Antho
xanth~tm odoratum L. (4), Festuca rubra L. (4), Poa annua 
L. (4), Alopecurus geniculatus L. (3), Bromus mollis L. (3), 
Agrostis canina L. (2), Molt:m:a coemlea Moenoh. (2), 
Festuca ovina L. (1), Deschampsia caespitosa P. B. (0), 
N ardus stricta L. (0) ; 

~egumes (8-6): Trifoli1tm repens L. (8), Trifolium pra
tense L. (7), Lotus corniculatus L. (6), Tr~folimn dubium 
Sibth. (6); 

Grasslike weeds (4-0): Juncus Gerardi Loisl. (4), Ltmtla 
campestris Lam. et D. C. (2), Carex stolonifera L. (1); 

Other weeds (4--0): Achillea 1\fillefolium L. (4), Plantage 
lanceolata L. (4), Taraxacum o!Jicinale Web. (4), Cardamine 
pratensis L. (3), Cerastium caespitosum Gilib. (2), Bellis 
perennis L. (1), Rammculus acer L. (0). 

In order to evaluate the herbage the weight percentages 
of the species are multiplied with their respective valu
ation ciphers. The sum of these products, divided by 100, 
is the grade of quality of the sward, also expressed in a 0 to 
10 scale. So this grade of quality (gQ) indicates the 
botanical quality of the sward. 

By multiplying the gQ with the percentage area covered 
by total herbage we obtain the valuation number which 
still gives a better picture of the herbage. 

It is advisable to diminish the gQ if poisonous plants 
such as Equisetum palustre L., Senecio J acobaea L. and 
Senecio aq1taticus Huds. are present (e.g., one point for 
each weight per cent of poisonous species). A feltlike 
texture of the sward will also diminish the valuation 
number. 

For mapping the gQ might be estimated in the field. 
First the percentage of weeds (including grasslike weeds, 
if they don't occur too frequently) and that of the legumes 
are estimated. After this the good grasses are distinguished 
from the medium and inferior ones. Then each of these 
groups is given an average valuation cipher, out of which 
the gQ is calculated. 

The gQ's are collected in the following classes: 0-3 poor, 
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orange, yellow, bright green, dark green, and dark blue. 
In the same way we establish classes of the valuation 
numbers. It is our experience, that gQ and valuation 
number generally correlate very well with the judgment 
of the cattle-farmer. There is also a rather good relation 
between gQ and yield, and the correlation of the "good 
grasses" and the yield is still better. These values, how
ever, are of a distinct nature. It occurs for example, that 
wet plots give a high yield with a poor quality. On the 
other hand drought diminishes instantly the production, 
while the botanical composition remains still good. 

The spread of the Dutch grasslands over the gQ-classes 
is approximately as follows: poor 4 per cent, insufficient 
17 per cent, medium 22 per cent, sufficient 29 per cent, 
good 20 per cent, and excellent 8 per cent. So 57 per cent 
of our grasslands are sufficient or better in quality 
whereas 21 per cent are insufficient or poor. 

As mentioned above, the real dominance is more or less 
unstable through the influence of weather and season, 
even if other circumstances do not change. So if one 
characterizes plant societies according to the dominant 
species there is a good chance to find at various times 
different societies in the same place. The following ex
ample will illustrate this. The good alternate pastures on 
clay in Groningen, belonging to the Lolieto-Cynosuretum 
association and to our type Lolium perenne-Poa trivialis, 
usually show a definite predominance of Lolium perenne L. 
The amount of this grass in the autumn of the good grass
years 1936 and 1943 was respectively 30 per cent and 32 
per cent at gQ's of 7.9. After severe winters, however, in 
the autumn of the years 1940, 1941 and 1942, Agrostis 
stolonifera L. had become the dominant species and the 
gQ was respectively 7.0, 7.I and 7.2. In the early part 
of the summer of 1942, when there had been a long drought 
the gQ even decreased to 6.8; Phleum pratense L. (I9 
per cent) and Triticum rep ens L. (12 per cent) were then the 
leading grasses. 

Setting aside possible fluctuations, then dominance of a 
certain species immediately gives an idea of the quality of 
the herbage. Here are following the average gQ's of some 
Dutch singular societies (societates); the number of fields 
is recorded between brackets: Lolium perenne 7.5 (170), 
Poatrivialis 6.5 (35), Trifoliumrepens 6.1 (23), Alopecurus 
pratensis 5.9 (18), Agrostis stolonifera 5. 7 (106), Agrostis 
tenuis 5.0 (37), Holcus lanatus 5.0 (36), Festuca rubra 4.6 
(33), Agrostis can ina 2.9 (II) and l1f olinia coerulea 1.9 (17). 

How far predominancy affects the quality of the herb
age appears from the following table, regarding the Lo
lium-perenne society. 

Weight 
per cent 

Lp 
25 

25-50 

50 
TOTAL 

Lowest 
gQ 

5.2 
5.9 
6.9 
5.2 

lv:Iean 
gQ 

6.6 
7.5 
8.4 
7.5 

Highest Number 
gQ of 

fields 
7.8 25 

9.5 145 
9.5 23 
9.5 193 

3.1-5 insufficient, 5.I-6 medium, 6.1-7 sufficient, 7.I-8 The stable associations (combinations of ecological in
goodand8andoverexcellent.Experiencedmappersareable dicator-plants, by which the mass proportion is of little 
to determine the gQ-class on sight in the field. The results importance) may, of course, show a very great fluctuation 
of these estimations are mapped out with the following in gQ. This fact appears from the most important Dutch 
colours. From poor running to excellent they are: red, grassland association, Lolieto-Cynosuret1tm. For the 421 
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fields belonging tot his association the lowest gQ is 2. 7, the 
mean 6.3 and the highest 9.5. The Lolieto-Cynos~tretum is 
characteristic for sufficiently moist, fertile pastures. The 
average gQ's of the pure hay-field associations Cirsieto-
111oliniettJ,m and Arrhenatheretum amount to 1.9 and 4.6 
(respectively 21 and 10 fields). 

Finally we have elaborated a classification of Dutch 
grasslands, in which we distinguish main types, types and 
sub-types consisting, respectively, of 1, 2 or more charac
teristic species, ranged according to a certain priority 
system. This system starts by taking as the main type 
Lolium perenne, if this excellent pasture grass is sufficiently 
frequent, that is to say, if it occurs in at least 50 per cent 
of the 25 sq. em. samples (handsful or borings). If Lolium 
perenne is not sufficiently frequent, but instead the species 
Poa trir;ialis (frequency-limit not 50 per cent, but 75 
per cent), then we have the Poa trivial is main type. The 
sampling according to the plant sociological 25 sq. em. 
frequency method, takes place in the same way as that 
according to the weight analysis, only the samples are not 
gathered directly into a collective sample but each is put 
into a small separate paper bag. The agricultural value of 
this classiftcation lies in the fact, that the characteristic 
species are established not only according to ecological 
indications but especially to their value for the practice of 
grassland husbandry. Furthermore the frequency limits 
assure the weight percentages to be at least significant. 
Besides types are much more stable than societies, charac
terized by real dominancy. Types are therefore a better 
standard for long-range judgment of grasslands whereas 
weight analysis only reflects the herbage at the moment of 
sampling. 

Here are following the average gQ's of the most frequent 
main types, with the number of plots between brackets: 

Summary of Discussion 
Introducing the subject of the meeting, the CHAIRMAN 

emphasized that the basic problem was to determine the 
best system for sustaining livestock production. Exploita
tion of grasslands for immediate production without 
taking into account the effects of over-grazing resulted in 
reduced production and eventually led to serious soil 
erosion. Consequently, it was generally agreed that the 
fertility of the soil for t,'Tazing animals should be carefully 
preserved by the use of fertilizers and by the building up 
of herbage for future production. The papers to be pre
sented suggested methods for attaining that objective. 

:\'lr. FORSLING introduced his study on the "Relation of 
Sustained Livestock Production to Condition of Grazing 
Land". It dealt principally with low rainfall areas, which 
fumished one-third of the total feed for the world's live
stock. After presenting a cross-section of the conditions 
of grazing lands in various parts of the world, the author 
outlined the causes of the deterioration of those lands and 
its effects on sustained livestock production. He empha
sized the dangers of overstocking, which permitted the 
encroachment of unpalatable species, and the need to 
provide forage reserves for drought periods. 

Lolium perenna (Lp) 6.8 (308), Poa pratensis (Pp) 5.6 
(16), Poa trivialis (Pt) 5.4 (112), Agrostis (stolonifere + 
tenuis) ( At+s) 5.2 (26), Alopecunts pratensis ( Ap) 5.0 
(16), Arrhenathermn elatius ( Arr) 4.6 (9), Holcus lanatus 
(Hl) 4.5 (17), Festuca rubra (Fr) 4.5 (43), Anthoxanthum 
odoratum ( Ao) 4.2 (20), Cyperaccae (Cyp) 4.0 (7), Agrostis 
can ina ( Ac) 3.0 (17), 1v[ olinia coerulea (M) 2.0 (25); 
further of some types: Lp-Pt 7.1 (204), Lp-Pt (pure) 7.9 
(31), Pt-Pp 5.9 (11), Pt-Ap 5.7 (10), Pp-Fr 5.5 (8), Pt-Hl 
5.4 (15), Fr-At 4.6 (17) and Pt-Cyp 4.1 (6). 

In old grasslands the botanical composition is a reflec
tion of the whole of the environment factors, so an expert 
can read a lot of things out of associations, types and 
societates. The establishment of soil properties, degree of 
humidity, use etc., based on the botanical composition of 
the sward, will not be discussed here. We only mention, 
that we can tell the pH fairly exactly out of the 25 sq. 
cm.---frequency-percentages of the herbage plants. 
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Sound management practices were the key to sustained 
livestock production. The application of sound manage
ment gave rise, however, to complex social and economic 
problems. The small operator found the required adjust
ment particularly difficult. Every measure should be 
taken to assist him during the transition period. 

The most recent trends in livestock management gave 
cause for hope. Education in land use was becoming more 
widespread and it was being combined with more exten
sive research. Only thus could practices be established to 
check the depletion of grazing lands and to conserve the 
soil itself. 

In the absence of its author, the CHAIRMAN commented 
briefly on Professor Bywater's paper, which dealt with 
livestock grazing in an area of high rainfall. Professor 
Bywater considered that the efficiency of livestock pro
duction could be increased by raising the productivity of 
grassland, by lengthening the grazing season and by im
proving methods of conservation of feed for winter use. 
Heviewing various means of improving grazing in hill 
country, he stressed the importance of fencing, the control 
of bracken, re-seeding to provide carrying capacity for 
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stock throughout the winter and programming grazing, so 
that it would be spread out evenly through the whole year. 
After enumerating the advantages and disadvantages of 
permanent and temporary grasses, Professor Bywater 
reached the conclusion that an efficient balance between 
crops and livestock could best be achieved through a 
system of ley farming in which arable crops were alter
nated with periods of three years or more in grass leys. 

Mr. REXNER took exception to the statement in Mr. 
Forsling's paper that stocking should be determined on the 
basis of the average grazing capacity of the range. In the 
United States, that principle had been discarded by 
technicians of the soil conservation service and by most 
ranch men as unsound and dangerous. Its implementation 
had contributed in large measure to the deterioration of 
the western rangelands. Owing to the wide fluctuations 
of forage crops from year to year, the average grazing 
capacity was an unreliable criterion. 

Mr. Renner also stressed the fact that the mere presence 
of laws or regulations on the statute book could not ensure 
proper management of public grazing lands. Even after 
they had been placed under Federal control, extensive 
areas, particularly in the Pacific northwest, had deterio
rated. Livestock owners using those lands should be en
couraged to assume a greater degree of responsibility for 
their conservation. 

Referring to the point raised in Professor Bywater's 
paper concerning the destruction of bracken fern, Mr. 
SAMPSOX noted that it grew exclusively in acid soils. He 
wondered whether any attempt had been made to alter 
the pH content of the soil by liming or other treatments. 

The CHAIRMAN remarked that while liming was com
monly practised, very substantial amounts were required 
to eliminate bracken. 

Mr. ELLIOTT added that in New Zealand, where the land 
was flat, bracken fern presented no problem and no at
tempt had been made to alter the pH content of the soil. 
Grazing lands had, however, been improved by burning, 
re-seeding and good stock management. 

Mr. S. T. jENSEN observed, in connexion with Professor 
Bywater's discussion of permanent and temporary grasses, 
that the higher productivity of temporary grasses had 
been proved in Denmark. The valuable white clover 
usually lasted for from two to three years and then gradually 
disappeared as a result of attacks by nematodes. It had 
also been the general practice in Denmark to lime the soil 
to obtain the proper pH content for grazing. 

Mr. FoRSLING reverted to the basis of grazing capacity. 
He pointed out that deterioration of public lands was 
caused principally by stocking in excess of the average 
grazing capacity, lack of knowledge of proper manage
ment, and failure of livestock operators to maintain the 
flexibility necessary to cope with yearly fluctuations as 
suggested in his paper. 

In the view of Mr. GABBARD, fluctuations constituted a 
necessary hazard and the livestock operator had to 
speculate on grazing capacity. The factor of speculation 
was of greater significance in arid and semi-arid regions 
than in humid areas. 

SUMMARY OF DISCUSSION 

For more flexibility in livestock operation, Mr. RENNER 
suggested limiting the size of the breeding herd, marketing 
more heavily in poor grass years and stocking up by 
buying more stock to graze in good years and purchasing 
supplementary feed or renting additional grazing land. 

The CHAIRMAN conceded that overstocking or under
stocking in favourable or unfavourable years was an im
portant problem. He suggested that it might be partially 
resolved by keeping one year's feed in reserve and by the 
normal transfer of cattle from the breeding to the feeding 
area a year earlier or later, depending on seasonal con
ditions. 

Mr. AuLL pointed out that a distinction should be made 
between the livestock owner who owned his pasture land 
and the operator who let his cattle graze on public land. 
The latter would inevitably be less concerned with proper 
management. 

Mr. SAMPSON noted that undue importance had been 
given to reserve forage. He suggested that when the stand 
was being depleted and the land needed re-seeding, it 
would be wise to build up mulch or plant residues to be 
left on the soil surface during favourable years. That 
would permit an accumulation of humic materials to 
protect seedlings. 

Mr. CLAY reviewed briefly the conditions of natural 
pasture lands in Africa and their potential contribution to 
increased livestock production. He wished to correct the 
impression that overstocking was common in Nigeria and 
other parts of the British colonies. In reality, over
stocking was practised only in specific, limited localities. 

Mr. Clay described the system of management practised 
by the nomadic herdsmen and emphasized the difficulties 
in correcting its defects. The value of livestock as a source 
of wealth rather than a symbol of prosperity had yet to be 
recognized by the pastoral herdsmen. Ground water 
supply was limited and the tsetse fly was still an obstacle. 

Natural grazing lands were the key to increased produc
tion. Bold large-scale experiments should be made in 
organizing and developing them. In Africa special atten
tion should be given to developing surface and subsurface 
water supplies, breaking up large herds, fodder conser
vation and the seasonal redistribution of stock. Fluctu
ations could be curbed by seasonal transfers and by de
veloping canneries to provide for emergencies when the 
pasture land had been depleted by overstocking. 

Mr. FoRSLING observed that the discussion had centred 
round commercial grazing operations and no reference had 
been made to the problems with which millions of small 
farmers throughout the world were faced. That was a 
matter which should also be taken into consideration. 

Mr. RHOAD pointed out that in Latin America there 
were extensive areas of grassland as yet unpopulated by 
cattle or by man. The pressure of population would even
tually bring those areas into use, and he wished to know 
what initial steps should be taken in drawing up a pro
gramme of intelligent management for such grassland. In 
Colombia, Venezuela and Brazil the hinterland was being 
brought into use more and more, as the arable grassland 
at present utilized was being depleted through erosion and 
other factors. 
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Mr. RE:K~ER felt that the problem of drawing up conser
vation plans for grassland as yet unutilized was a stimu
lating one, since in most other countries it was a question 
of salvaging grassland which had deteriorated through 
misuse. 

As a first step in drawing up a programme of conser
vation, it would be valuable to make a thorough examin
ation of the two or three main characteristics of the 
grazing land. The nature of the soils would have to be 
studied so as to adapt that type of management most suit
able to the area concerned. The types of vegetation should 
be taken into account to ascertain whether they consisted 
of turf-forming grassland or what was commonly known 
as bunch grass. The question of water supplies was im
portant, and a uniform distribution of water should be 
ensured. 

Mr. E. DE VRIES commented on the situation in Indo
nesia, in connexion with the problems of small farmers. 
In Java there were some 8 million hectares of arable land, 
5 million head of cattle, 2 million buffaloes and several 
millions of other types of livestock, yet there was virtually 
no pasture land. Farmers were induced to grow special 
fodder crops. 

In Eastern Indonesia, on the other hand, natural r,••~u•ur, 
land existed and burning was the system used in main
taining the condition of grassland. In dry areas, fields 
were burned in order to enable the grass to form new 
leaves. To induce the farmers to adopt some other 
method of conservation would prove difficult, since it 
involved social and economic factors. 

Mr. CLAY observed that in Cganda, for instance, the use 
of cut fodder grasses in feeding livestock had proved 
successful. It was found that the housing of cattle in dark 
sheds because of stomoxys could produce a beast in per
fect condition, fed on cut elephant grass with local 
concentrates. 

Mr. DEVADA~AM was impressed by the emphasis placed 
by Mr. Forsling on the nomadic livestock owner, a man 
who owned a few head of cattle and who went from place 
to place in search of pasture land for his animals. The 
nomadic livestock owner played a great part in India's 
livestock industry. He was not a landowner and was 
therefore at a disadvantage in that he was unable to feed 
his livestock. It had been suggested that he should be 
given a tract of land, so that he could curtail his nomadic 
activities. That method was being tried out but it was as 
yet too early to determine its social implications. 

Mr. Devadanam fully supported the view that advisory 
bodies should be appointed to go into those problems. 

The CHAIRMA~ briefly summarized the four papers 
dealing with the application of ecological principles in 
determing the condition of grazing land. He called on 
Mr. Sampson to introduce his paper on that subject. 

Mr. SAliiPSO:K observed that range condition classifica
tion applied to all grazing lands palatable to livestock. It 
was not restricted specifically to arid range country. He 
would not spt::nd time reviewing the salient points of his 
paper, but preferred instead to put the following questions 
to his fellow members: 

1. To what extent had the pasture lands in their coun-
try been and to what extent had condition 
classification applied? 

2. What plant associations or types had been most 
seriously depleted in their country, and were those areas 
grazed chiefly by cattle, sheep, a combination of both, 
goats or other grazing animals? 

3. To what extent were indicator plants used to show 
conditions of range depletion: (a) were the indicator plants 
reliable? (b) were they largely local? 

4. \Vas over-grazing due chiefly to too early spring 
grazing or to too heavy grazing throughout the entire 
season? 

5. Were all members familiar with the technique in
volved in making a practical range condition classifica
tion? 

6. \Vhat could be done to correct a range found to be in 
a state of decline? 

The CHAIRMAN pointed out, in connexion with Mr. 
Sampson's first question, that in high rainfall areas such 
as the United Kingdom, the problem was that of under
grazing rather than over-grazing. 

Proceeding to present the paper, entitled "British 
Grassland Problems and some Results", submitted by 
Mr. Davies, he remarked that a distinction was made be
tween permanent grassland and leys. It was found that 
the latter was the more productive in terms of animal live 
weight gains. Mixtures based on lucerne with cocksfoot 
had yielded green feed under conditions of considerable 
drought. 

The Chairman then called upon :VIr. Doak to introduce 
the paper submitted by Mr. Sears. This was entitled "Soil 
Fertility and Pasture Production-Legumes, Fertilizers 
and the Grazing Animal". 

Mr. DoAK pointed out that the paper stressed the im
portance of nutrients in pasture production; the rate of 
nutrients retained by animals depended upon the type of 
animal turned out to pasture. Organic matter such as 
animal dung and urine had a marked effect on soil fertility. 
That was also true in the case of clovers. It was found that 
white clover was preferable to red clover in maintaining 
soil fertility. The basic principles of soil fertility building 
must be to use those species of grasses and clovers most 
suitable for each case, to get them established and fed 
with the nutrients lacking in the soil, and to manage the 
sward so that each component species was given a chance 
to fulfil its function. 

The CHAIRMAN called upon Mr. E. DE VRIES to intro
duce the paper submitted by Messrs. D. M. De Vries, de 
Boer and Dirven. This was entitled "Evaluation of Grass
land by Botanical Research in the Netherland'>". 

Mr. E. DE VRIES observed that the data contained in 
the paper represented twenty-five years of research work 
in the Netherlands and had led to a method of evaluating 
grassland in that country. 

The CHAIRMAN opened the discussion on the papers 
introduced and invited replies to the questions put 
by Mr. Sampson. 
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Mr. GoNDELLES A. stated that in Venezuela some 75 to 
90 per cent of the grazing land had been depleted by over
grazing. :Measures taken to meet the situation included 
the elimination of goats, the latter being primarily re
sponsible for over-grazing, and improved pasture manage
ment. 

Mr. SAMPSON, commenting on his second question, felt 
that range lands in the western areas of the United States 
had been seriously depleted because they were being used 
during the same season for grazing both by cattle and 
sheep. The result was the over-utilization of both the 
choicest and secondary species of grasses. 

Mr. M. P. PRICE thought that it was better to have 
more than one type of animal to graze a pasture; over
sheeping, for instance, could be injurious to the grass. 
Dairy cattle could be allowed to graze a pasture alone, but 
not other animals. In the highlands of Scotland, for in
stance, the spread of bracken was due to over-sheeping. 
The problem might be different in low rainfall countries, 
but in the United Kingdom under-grazing was more of a 
problem than over-grazing. 

Mr. GABBARD wished to ask Mr. Sampson how it was 
possible to judge whether or not a pasture was over
grazed. In Texas, cattle, sheep and goats grazed on the 
same pastures. During the previous year the land had 
appeared over-grazed, yet in June of the current year 
ranchers had said that they had never had more grass on 
their pastures. 

Mr. MoRRISON had undertaken a survey of the livestock 
industry in Argentina and had found that pasture owners 
preferred grazing by a combination of cattle and sheep to 
grazing by either animal alone. The former method led to 
greater productivity. Over-grazing might be due in some 
cases to an excessive number of animals rather than to the 
use of combinations. 

Mr. SAMPSON admitted that it was difficult to recognize 
incipient over-grazing in heavy rainfall areas. In more 
arid areas, however, there was no difficulty in classifying 
ranges into very poor, poor, fair and excellent conditions. 

Mr. TIMMONS wished to emphasize a point of view which 
he felt had been largely overlooked during the discussion. 
The utilization of all land, including grazing land, took 
place within three somewhat separate but closely related 
frameworks: natural and physical, economic and social, 
and institutional. With a few exceptions, emphasis 
throughout the Conference had been placed almost ex
clusively on natural factors. 

\Vith regard to economic factors, range land was im
portant only in so far as it was used to produce what 
human beings needed and wanted. \Vhat was the demand 
for cattle and sheep? Wnat were the probable prices and 
the costs of production? How could the product of 
grazing land be maximized in terms of what was put into 
it? Over-grazing was not merely a physical concept. 
When was land over-grazed? What level of grass should 
be maintained? Answers to such questions involved eco
nomic analysis. 

Turning to the institutional elements, Mr. Timmons 
pointed out that land was used within a framework of 

SUMMARY OF DISCUSSION 

law, custom, ownership and leasing. Any changes in land 
use must be effected through that framework of institu
tions. For instance, public ownership 'Aithout proper 
management was meaningless. Private use without some 
element of social responsibility was equally undesirable. 

The so-called Taylor Grazing Districts and other collec
tive land use devices appeared to be an excellent start in 
making the desired adjustments in lands used for grazing 
purposes. 

Mr. SAMPSON replying to Mr. Gabbard said that in the 
western areas of the United States certain plants had been 
used successfully to determine the conditions of the land. 
The results naturally referred to the immediate area and 
it offered an accurate gauge of the state of over-grazing. 
The plants used as "indicators" were of low value as far as 
forage was concerned and they had a tendency to prevent 
the growth of more desirable strains of grass, but they did 
give valuable warning to the farmer of the state of his 
land. He would be interested to know the experiences of 
other countries in the matter of "indicator" plants. 

Mr. ELLIOTT said that the tendency in New Zealand was 
to study the whole pasture association in order to deter
mine the condition of grazing lands. The nature of the 
terrain, which ranged from flat to hilly, sunny to shady 
areas, did not lend itself to the use of "indicator" plants, 
since the results would not apply to all the different areas 
but only to one particular area. 

Mr. M.P. PRICE said that the "indicator" plant was not 
used in the United Kingdom as a system, but if the farmer 
noticed that certain plants like the "Yorkshire fog" were 
prevalent in his fields, he took it as an indication that he 
should apply manure. That practice was used by most 
farmers. 

Mr. E. DE VRIES, in answer to 1\lr. Aull's question, said 
that in the Netherlands the appearance of certain types of 
rushes in the fields warned the farmer that drainage oper
ations would have to be undertaken. In that case the 
rushes could be taken to be "indicator" plants. 

Miss LEITCH wondered whether close grazing was as 
dangerous to the future of pasture lands as had been 
stated. Close grazing could constitute a danger only if it 
was practised at the wrong time, at certain stages of 
growth. The appearance of certain plants in the fields 
might be an indication that the land needed either tilling 
or draining, and not that over-grazing had taken place. 

Mr. SAMPSON thought the point had been well taken. 
Experiments had shown that during the period of their 
most rapid growth-usually in midsummer-plants had a 
low content of carbohydrates. The nutritive value of the 
grass was not high at that stage of growth and therefore 
did not benefit the cattle to any great extent. The im
portant point, however, was that grazing should be con
trolled so that enough leafage was left to reproduce the 
plants. 

Mr. RANGHEL said that in Colombia different types of 
plants indicated over-grazing conditions at various alti
tudes and gave a number of examples. He considered that 
goats and sheep caused the most damage to pastures, not 
only because they had voracious appetites but because 
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their hoofs tended to break the soil and cause erosion. He 
wonld like to hear from other experts whether they con
sidered that mixed grazing was advantageous to the land 
or whether animals should be grazed separately. 

Mr. REN~ER said that deterioration of land in the 
United States was caused in various regions by different 
factors. In the southern areas, for instance, the general 
cause of deterioration of land was due to overstocking, 
while further north, where land was covered by snow 
during the winter months, much of the deteriorati.;n could 
be attributed to too early use. 

Mr. CLAY said he would like to know whether periodic 
lay-offs were desirable even if the grazing lands were not 
taxed beyond their normal carrying capacity. He would 
also welcome information upon whether a seeding lay-off 
period should be extended for a whole season. 

Mr. SAi\IPSO.N said that a deferred grazing plan had been 
undertaken in the National Forests, whose purpose was 
to provide for a yearly seed crop. The plan consisted of 
surveying the acreage available in each instance and 
setting it aside for that purpose. He considered that cattle 
raisers could set aside one-third of their range for seeding 
purposes and should protect that area for one year in 
order to allow the seed to take root. 

With reference to the possibility of introducing browse 
plants, he said that the system had not been used in the 
United States but that it was one that should be studied. 

Mr. E. DE VRIES said that in Indonesia they had ex
perimented with the Leucaena glauca as a browse plant 
and that the experiment had shown promise. Several 
species of Leucaena had been imported from Central 
America to Indonesia and he hoped that more would be 
imported in the near future. 

:\1r. DEVADANA:\1 said that in India there were 215 mil
lion heads of cattle, 70 million sheep and 70 million goats. 
The problem of feeding such large numbers was a critical 
one, particularly during years of drought. In an attempt 
to fmd a solution to the problem, Indian scientists had 
experimented with tree and shrub leaves. One particular 
tree had been found to provide an excellent fodder sub
stitute. The practice had quickly been adopted by noma
dic shepherds, many of whom now leased the trees from 
the owners of forests during the periods when grass was 
lacking. 

Mr. S. T. }ENSE.N considered that much work remained 
to be done along those lines and that experiments should 
be launched to investigate all promising leads. He noted 
that Mr. Davies had stated in his paper that the quality 
of British grasslands was still low on the average. He 
thought that the same comment applied to the situation 
in various other countries, including the United States. If 
suitable steps were taken to remedy the situation, he felt 
sure that production all over the world could be raised 
appreciably. 

Miss LEITCH stated that a report had been published in 
the Commonwealth Agricultural Bureaux giving detailed 

information on the nutritional values of trees and shrubs. 
Under some conditions browse plants had a definite 
advantage in composition over pastures. 

Mr. MoRRISON said that there had been a great de
velopment in pasture research in the United States. 
Twenty years earlier there had been little such research 
but now it was proceeding actively. In the northern part 
of the United States, mixtures of lucerne and grass or of 
Ladino clover and grass have proved much more produc
tive than the usual permanent pasture, such as Kentucky 
bluegrass. 

Mr. RANGHEL, referring to food substitutes, said that in 
a meeting of forestry experts one of them had said that in 
Central America there were twenty to thirty different 
species of plants that were suitable for feeding cattle. He 
thought that that information should be made readily 
available to all who needed it, because in Colombia many 
trees and shrubs could be used as food substitutes for 
animals. Plants of the genus Prosopis, Acacia, Morus, etc., 
were employed for that purpose. 

With reference to conditions in Colombia, he said that 
the probJ.em of overgrazing had been partially solved by 
building silos and by adapting coffee by mixing the beans 
with molasses so that it was suitable for feeding cattle. He 
cl-aimed that the experiments had been successful. 

::Yir. RE:K~ER, in answer to Mr. Sampson's question, 
gave a brief explanation of the technique of determining 
the "condition" of range lands in the United States. He 
said that in the United States the "climax" vegetation, or 
that combination of grasses and other plants developed 
under natural conditions and not influenced by man and 
his domestic grazing animals, had two characteristics: 
it was not only the best cover for the protection and 
improvement of the soil, it was also the most valuable 
from the standpoint of livestock production. 

Consequently, the natural "climax" vegetation was 
considered the best. The successively lower stages of plant 
succession were designated "good", "fair" and "poor" 
condition and were readily determined by the proportion 
of the climax plants they contained. For practical pur
poses, a range area was considered in "excellent" condition 
if it still retained from 75 to 100 per cent of its original 
"climax" plants; in "good" condition if it contained 50 to 
70 per cent of them; in "fair" condition with 25 to 50 
per cent of its original plant species; and in "poor" con
dition with less than 25 per cent of the species which 
characterize the climax. Clipping studies showed a sur
prisingly close relationship between the condition of the 
range as determined by that method and the total weight 
of the forage produced. 

The advantage of that method was that with a know
ledge of the important forage plants, the livestock owner 
could determine the condition of his own range. \Vith 
that information he could take the necessary steps to im
prove his forage production and consequently his income, 
if his range lands had deteriorated. 
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Testing New Plant Materials for Re-Vegetation 
of Grazing Lands 

G. NILSSON-LEISSNER 

ABSTRACT 

The author emphasb:es the great influence of natural selection upon wild and cultivated plants in general and upon 
the breeding, testing, and propagating of the new plant materials for re-vegetation of grazing lands in special. Attention 
is also called to the results of inbreeding, polyploidy breeding and artificial induction of mutations. At last is pointed out 
the importance of continously keeping the new strains pure and unchanged and of an official control of the genuineness 
and purity of variety or strain. If the farmer does not receive the new pure-bred strains in an appropriate condition, 
much of the breeding work has been in vain and great unnecessary losses are done. 

The problem of producing adapted plant materials for 
re-vegetation of grazing lands has many different aspects. 
The outcome of new pastures and leys depend partly upon 
edaphic, biotic and soil conditions but also to a very im
portant part upon the plant material that is used for 
sowing. Experiences from all parts of the world coincide 
in that there are very distinct hereditary differences be
tween species and varieties of herbage plants as to nearly 
all practically important characters, such as productivity, 
earliness, growth habit, resistance towards drought, 
moisture, cold, diseases, insect pests, and so on. They 
have, however, also shown that these characters are more 
or less unstable and flexible. Thus, a species or strain 
adapted to a high water content in the soil is unable 
to produce a full crop in dry regions, even if its specific 
productivity, when grown under wet conditions, is very 
high, and vice versa. A strain of red clover resistant 
towards, e.g., Sclerotinia trifoliorum or Erysiphe sp., when 
grown under normal conditions, may under unfavourable 
conditions (in an extreme climate or when starved) turn 
out to be more or less susceptible towards the same bio
logical forms of the fungi mentioned. This fact should not 
be mixed up with the occurrence of different biological 
forms of most pathogenic fungi, resulting in distinct 
resistance in the one locality and great susceptibility in 
another one, where other biological specific forms are pre
dominating. Strains of herbage plants possessing high 
productivity are as a rule only able to give a high yield 
under optimum growing conditions, when all demands on 
nutritional supplies are satisfied. On a poor soil, quite 
other species or strains, adapted to modest conditions, 
most probably will be the best yielders. These examples 
were set forth in order to stress the point of complicated 
interactions existing between all factors influencing the 
growth and health of any crop. The need of contem
plating all stated facts together, when trying to explain a 
certain experimental result, is therefore evident. 

The foundation of all plant breeding is the hereditary 
variability of the plant material. This variability is 

already in existence have been utilized in this way and 
suitable starting material procured for further work, has 
the breeder turned to more complicated methods, such as 
inbreeding, varietal or species crosses, chromosome in
crease and X-ray treatment. 

In the breeding of herbage plants utmost care should be 
taken in choosing for every specific purpose the best 
starting material. Several different possibilities should be 
considered. If possible, all of them should be used simul
taneously. The providing of starting material causes, as a 
rule, relatively small expenses, whereas the realization of 
the breeding project and the testing of its results is more 
costly. An international organization of plant breeders, 
keeping stocks of strains of all herbage plants with de
tailed descriptions of all practically valuable characters 
and reports on all trials carried out with these strains, will 
he of utmost importance to the enhancement of the 
breeding work in all parts of the world. It is to be hoped 
that the efforts now made along this line soon will succeed. 

The selecting of the most fitted species is the first step of 
a breeding project. In the first place, naturally, the wild 
flora of the district in question should be studied for this 
purpose but introductions of species from other, often very 
far off parts of the world, have in many cases been re
markably successful. In this connexion I only need to 
mention the important work of plant introduction of the 
United States Department of Agriculture, the work of 
Vavilov in Russia and of several German scientists. Such 
important herbage plants as, e.g., the cultivated clover 
species, lucerne, timothy, and the rye grasses, have with 
great success been introduced in many countries of the 
temperate zones, where they were not indigenous. In 
more recent times the introduction of Lespedeza sp. into 
North America can be mentioned as a good example 
among many others. There is a very wide field for further 
experiments with herbage plant introduction but it must 
be emphasized that full success will only be attained if it 
is combined with selection and other plant breeding work. 

utilized by the breeder in two ways: either he undertakes As most herbage plants are cross-fertilizing-important 
selection directly within already existing and more or less exceptions are among others most Poa-species-it must 
differentiated populations or he tries by various means to be kept in mind that plants picked out for breeding pur
bring about new variation or recombinations of hereditary poses nearly always are very complicated heterozygotes. 
factors within the material before making any selection. Even if they are selfed, their progenies will segregate in 
In all plant species breeding has started with the first most characters. Also very well-defined and characteristic 
mentioned simpler method and not until the possibilities strains of these species are, therefore, always heterogene-
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ous. If such strains should be used for breeding purposes 
it is necessary to start with a rather great number of 
plants. The reason is twofold. In order to be sure to in
clude all genes characteristic of the strain a few plants are 
insufficient, as they are all dissimilar. A small number of 
plants will result in a high degree of inbreeding in the next 
generations, often accompanied by loss of vigour, se
gregation of abnormalities, and so on. 

In every strain of cross-fertilizing plants there are many 
genes represented, which are common for the whole plant 

others which are perhaps common for the sub
species, and still others, or perhaps the predominating 
combination of them, which are specific for the strain in 
question giving it its special morphological and physio
logical characteristics. In most cases the specific gene set 
of a certain strain has been outformed and conserved by 
means of natural selection through many generations, 
often in combination with geographical or sterility bar
riers. It is appalling how well adapted to their habitat 
such wild-growing strains often are. Groups of biotypes 
in this way adapted to special habitats are known as 
ecotypes (19).1 

A strain which in the wild state can survive within a 
certain region in keen competition with other strains of 
the same and other species must be in a high degree 
adapted to local conditions, and must possess a good and 
harmoniously balanced complement of hereditary charac
ters. It is therefore obvious that the wild flora must con
stitute a very valuable basic material to the plant breeder. 
The infinitely complicated process of acclimatization, 
which in the passage of time has gradually adapted the 
wild species to climate, soil and other conditions at a given 
place, constitutes a process which for effectiveness and 
appropriateness can only be imitated by the breeder, but 
hardly attained or excelled. On the other hand, the cha
racters desirable in a cultivated plant differ in several 
respects from those which are most favourable to the wild 
plants in the struggle for existence. Thus, the breeder gets 
much for nothing in the existing and adapted wild ma
terial and he is, when starting from that, able to limit his 
work to certain characters in which the requirements of 
the farmer differ from those of wild nature. 

So-called local strians of herbage plants occupy a posi
tion intermediate between the acclimatized wild forms 
and the improved and highly bred varieties and strains. 
Such local strains are in my country, Sweden, most typi
cally developed within red clover, but are also known in 
alsike and timothy. Red clover as a cultivated plant was 
introduced in Sweden some 200 years ago and in most 
cases the local strains arose through being grown gener
ation after generation within the same district or even on 
the same farm. Cases are known for certainty where a farm 
has used the same red clover strain for about a hundred 
years. The result has been that, by means of natural 
selection, the biotypes best adapted to the local conditions 
have by degrees become increasingly dominant in the 
population. Local strains of this type have often been 
found to be superior within their own district to any other 

or strain of red clover, having a suitable degree of 
hardiness, earliness, resistance to drought and to the 
biological forms of the more common diseases which occur 

1 Numbers within parentheses refer to items in the bibliography. 

within the district, and so on. Apparently still more 
of the preliminary breeding work will be already done 
for the plant breeder if he can use naturaJly selected local 
strains of the cultivated types of a species than if he had 
to start with purely wild forms. In Sweden as well as in 
other countries, extensive work has therefore been done 
in preserving and utilizing the valuable material found 
in local strains (1). 

As nature has been able to produce differentiated and 
valuable ecotypes and local strains, it is but natural that the 
breeder should attempt to avail himself, in his methodic
al breeding work, of the natural selection which has 
proved so effective a means of producing new strains (15, 
17). This can in the most simple way be done by growing 
the breeding material repeatedly for seed under extreme 
conditions in isolated plots. Already after a few gener
ations very marked changes in the characters of the strains 
could be shown in Swedish experiments of this kind (14, 
18). In the same way the important role of datural selec
tion could be shown not only in the development of new 
and valuable strains but also in the preservation of the 
typical characters of such strains. An improved variety 
or local strain developed within a certain district cannot 
be grown for seed in another district without serious risk. 
In order to maintain the strain or variety with a minimum 
of change in character, it is necessary to grow seed within 
the original area and on similar soil, and also to use the 
same technique in so\\ring, harvesting, and so on. With 
every precaution, however, it is impossible to avoid ce1 tain 
changes. Extremely severe winters, heavy attacks of 
diseases or insect pests, a scarcity of pollinating insects 
during part of the flowering period, and many other 
similar unpredictable phenomena are sometimes sufficient 
to change considerably the balance of biotypes within a 
strain or variety of a cross-fertilizing species. 

By further intensifying natural selection, for instance 
by artificial infection, freezing or drought, it is possible in 
addition to produce strains ·with specially good properties 
in certain respects. For general climatic and edaphic 
adaptation, the breeder must nevertheless build mainly 
upon nature's own selection. There are many examples to 
show that natural selection may also act in a negative 
direction from the grower's point of view. In such cases a 
strict and constantly repeated counterselection is neces
sary to keep strains up to the standard, if not improve 
them further. 

These facts must be taken into account in the control of 
purity of strains and varieties of cross-fertilizing species. 
It is necessary that new elite seed is constantly produced 
under standardized conditions, but because of the in
fluence of uncontrollable environmental factors a certain 
latitude must be allowed in requiring constant characters. 
This has also been pointed out by Gregor and Horne (4). 

When starting on a new breeding programme for re
vegetation of a certain type of grazing lands, the breeder 
perhaps at first looks for fitted plant material among wild
growing types or in local strains of the localities in ques
tion. Most probably there should be opportunities for 
finding adapted ecotypes valuable for the purposes in 
those regions where the eventual new varieties later on 
should be used. In order to be sure to collect strains able 
to survive even under extreme growing conditions (specially 
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cold winters, dry summers, on poor soils, etc.) he should 
also provide strains from other regions with growing con
ditions not altogether different from the first-mentioned 
ones but diverging from them in one way or the other. He 
should of course further use already existing pure-bred 
strains, of different sources and populations from such 
regions which are known as so-called gene centra for the 
species in question. As already mentioned, also introduc
tions from other parts of the world must be considered in 
this connexion. 

In this review I will not give any detailed descriptions 
of different breeding systems used at individual stations. 
Most of them consist of various selection methods fitted to 
the species in question or to the specific purpose of the 
breeding project: different degrees of inbreeding, crossing 
for recombination or transgression of desirable characters, 
and so on. These things will be discussed in the experience 
papers. I only want to call attention to a few special 
methods wHich in recent years have been successfully used 
in Scandinavia. They have been applied in breeding also 
in other countries but, at least in some cases, with less 
favourable results. As such differences most probably 
depend upon that plant material of different genic consti
tution has been used, I think it is important to state that a 
failure of a certain method in one case must not always 
mean that this method is of no value when applied on an
other material of the same species. 

The first method I have in mind is the breeding of high 
chromosome races or polyploidy breeding. It started 
about fifteen years ago. but not until the colchicine method 
was worked out in 1937, has it been more successful. Now 
chromosome doubling can be carried out in practically all 
plant species and in each species great numbers of poly
ploidal forms of representative genotypes can be obtained. 
This is especially important, as we know that the chro
mosome doubling alone very seldom directly creates 
vigorous and well-balanced types. Such types represent 
only the first step, which must be followed by continued 
breeding work. For this breeding, variation is needed and 
it is brought about by producing a great number of differ
ent high chromosome genotypes which later on are inter
crossed. We now also understand why cross-fertilizing 
species as a rule give better results by polyploidy breeding 
than self-fertilizing ones. In the first-mentioned plant 
species a great number of gene combinations automati
cally are affected and it is consequently easier to find and 
to select the best combinations in such plants. 

Every genotype is balanced to a certain chromosome 
number and the number is that of the wild growing types. 
If this number is changed, the genotype must also be 
adjusted in order to attain a new equilibrium fitted to the 
new chromosome number. Undoubtedly, every genotype 
has a special optimal region of chromosome numbers 
lending the plant a harmonious and good development. If 
the chromosome number is changed beyond this optimal 
region, the genotype reacts in such a way that the vitality 
of the plant is decreased-in some cases even to lethality. 
Plant species of a low chromosome number usually are a 
better material for polyploidy breeding than such of a high 
number. 

In the last ten years extensive work on producing high 
chromosome strains of herbage plants, especially of the 

cultivated clover species (Trifolittm hydridum, pratense 
and rep ens), has been carried out by K. ]. Frandsen (3) in 
Denmark and Albert Levan (9, 10) and G. Turesson (20) 
in Sweden. In all three clover species very vigorous and 
high yielding tetraploid strains have been produced. Most 
promising are those of red and alsike clover. A couple of 
tetraploid alsike strains will very soon be put on the 
market in Sweden. They are characterized by great 
vigour, high yield, and a very marked endurance. In red 
clover some of the tetraploid strains have a very high 
yield of dry matter and protein but continued breeding 
for better fertility is still needed. 

Strict inbreeding in normally cross-fertilized plants 
usually leads to degeneration and loss of vigour. But there 
are exceptions from this rule and extensive inbreeding 
work with various herbage plants at the Svalof Swedish 
Seed Association have shown that this line of breeding 
ought to be considered along with the others. In legumi
nous plants "self-fertile types are very rare and the pros
pect of producing valuable new lines by direct inbreeding 
is very small. To ensure satisfactory seed setting in a 
clover strain, it is necessary to have a relatively large 
number of sterility alleles represented. Therefore, when a 
new strain is to be built up, a start must be made from 
many plants, unless it has been possible to amass self
fertility alleles or other genes for self-fertility. In the 
herbage grasses, on the other hand, it seems to be rather 
easy to find relatively self-fertile plants, and by using 
them, to obtain completely fertile lines" ... "also after in
breeding through several generations. Thus, the fertility 
conditions in the grasses do not seem to present any pro
hibitive difficulties against the use of intensive inbreeding 
as a method of producing new commercial varieties" (8, 
23, 24). 

There exist great differences between different species 
and between plants within a species as to their reaction to 
inbreeding. Thus, while the clover species as a whole 
seem to suffer very much from inbreeding, individuals 
which show little degeneration following inbreeding are 
not infrequent in the grass species. However, consider
able variations occur within both groups of plants. This 
has been demonstrated at the material used at Sva!Of but 
also in investigations by Clarke and Wexelsen (2, 8, 13, 
22). Valle (21) on the other hand, came to the conclusion 
that inbreeding in timothy was useless as a method for 
practical plant breeding. Even if self-vital inbred strains 
of clover and lucerne species are very rare, they are often 
strikingly homogeneous, both in morphological and phy
siological respects. Such lines may be of. great value for 
cross-breeding work. In timothy completely self-fertile 
and very self-vital strains of high homogeneity have been 
obtained at Svalof and experiences show that they most 
probably also will tolerate continued inbreeding in the 
form of sib-pollination generation after generation with
out a reduction of the average yield. However, the pros
pects of achieving positive results by inbreeding will 
probably be greater if the inbred lines are used for mutual 
crossing. Results of inbreeding in cocksfoot, perennial 
ryegrass, awnless brome grass, and red fescue indicate that 
in the species mentioned the possibilities for this breeding 
method are about the same as in timothy. 

The third breeding method, which I want especially to 
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point out, is the artificial inducing of mutations by means 
of X-rays, mustard gas substances, neutrons, and so on. 
The first experiences in this line were collected by Stadler 
( 16) but later on many workers have continued in the same 
field. Among these I want to draw attention to the work 
of Nilsson-Ehle (11) and Gustafsson (5, 6, 7) in Sweden. 
In 1946 the last-mentioned author published a compre
hensive paper (5) on mutations in agricultural plants and 
especially on his own very important work in barley. More 
or less successful experiments have also been carried out 
in wheat, oats, flax, soy-beans, oil-turnips, mustard, and 
sweet lupine. I will confme myself to citing the last words 
in Gustafsson's paper, stressing the point that this method 
ought to be applied to all plant species. He writes: "In 
conclusion stress must once more be laid on what has been 
adduced respecting the yield of the vital mutants, viz., 
that the results in diploid barley seem to apply to all agri
cultural plants so far examined, whether they are diploid 
or polyploid. A methodical work will sooner or later lead 
to positive results. The plant breeder cannot neglect the 
artificially induced mutants for the further improvement 
of his varieties.'' The method seems to be especially 
valuable as it renders possible the production of vital 
t:y"'J)eS quite beyond the normal variation range. It opens 
up a new field for the plant breeder which in the future 
most probably will prove to be very important. 

I have already at length discussed the important role 
that natural selection and competition play in the culti
vation of herbage plants. From that discussion it is ob
vious that all testing and all trials with strains of these 
plants also must be undertaken under conditions as far as 
possible analogous to those under which the strain will be 
used by the farmer. Sowing methods, and sowing rates, 
mixtures of different species and strains, manuring and all 
kinds of treatments (inclusive grazing methods) should 
correspond as close as possible to those used in practice. 
This is an indispensable condition for obtaining results of 
the experiments applicable to practical farming. It must 
be admitted, that in many cases it is rather difficult to 
arrange trials in such a way, but no pains should be 
spared to attain it. 

On the other hand, also the results of seed growing of 
the bred strains of cross-fertilized species will be strongly 
influenced by the methods and conditions under which it 
is carried out (12). It is widely recognized that the com
mon commercial grades of seed of pasture plants, offered 
for sale without any special name, are generally character
ized by a type of growth which shows strong production 
in the spring but weak in high and late summer, i.e., of a 
type \Vhich aggravates the shortage of pasture \Vhich 
usually arises during the latter part of the vegetation 
period. In white clover the common commercial grades 
often also contain mainly biotypes which give a very high 
yield in the first grazing year but are short-lived, and 
vanish from the sward after a few years. The less desirable 
characters of the commercial seed arise from the technique 
commonly used in seed production. The seed fields are 
left untouched in spring, and as far as white clover is 
concerned, seed is usually taken only for one year. \Vhen 
this method is used generation for generation, the early 
shooting types and, in white clover, the non-enduring 
types, will be favoured in comparison with late and en-

during types and the former will gradually become more 
and more dominant. In order to preserve the bred strains, 
however, it is necessary to modify the seed production 
methods. The fields must preferably be grazed once in 
spring; seeds should not be taken from first-year leys but 
only from older leys, in which natural selection has more 
or less thoroughly eliminated the undesirable types. 

Considering the instability of most strains of herbage 
plants, it is indispensable to keep in a suitable locality 
well isolated and in an appropriate way treated stock 
fields of these strains. In the case of perennial plants, it is 
often advisable occasionally to propagate them vegeta
tively. From these fields all elite seed should be harvested 
and further generative propagations should only be made 
for a few generations before putting the seed on the 
market. Control growing of commercial seed in compari
son with standard seed samples from the stock field should 
be carried out continuously and only seed lots agreeing 
with the standards should be approved for marketing 
under the specific name of the strain in question. In 
Sweden we have such a system of governmental control 
over bred strains of all agricultural plants which has 
considerably contributed to relieve the market of mixed 
or degenerated seed lots of less valuable strains. We are 
of the opinion that, next to the breeding itself, one of the 
most important tasks in this connexion is to control that 
the selected valuable strains are delivered to the farmer in 
a pure and unchanged condition. Being nowadays direc
tor of the Central Governmental Seed Testing Station, 
which among other things is entrusted with these activi
ties, I will close with a recommendation to all parts in
terested not to forget this important step in the work of 
producing new plant materials for re-vegetation of grazing 
lands. 
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The Breeding of Pasture Plants • 1n New Zealand 

L.-CORKILL 

ABSTRACT 

The objectives of the pasture plant improvement work in New Zealand and the progress that has been made 
are discussed. The prime objective has been to obtain increase in leaf production and the seasonal spread of that pro
duction. The best New Zealand ecotypes of the main pasture species have been improved by breeeding, and additional 
strains have also been synthesized for use in short rotation and temporary pastures. Pedigree strains of the following 
pasture plants have been produced: 

Perennial ryegrass (Lolium perenne), Italian ryegrass (L. multijlorum) and its variety Western Wolths ryegrass, 
short-rotation ryegrass (L. perenne x L. multijlorum) derivative), cocksfoot (Dactylis glomerata), timothy (Phleum 
pratense), white clover (Trifolium repens), and red clover (T. pratense). As it is considered that the efficient use of 
pedigree strains is dependent on such factors as their seasonal production, their persistency, and their reaction to the 
grazing animal, the chief characteristics of the strains bred at the Grasslands Division are described. It is maintained 
that by the use of high-producing pedigree strains and the adoption of farming practices which will fully exploit their 
inherent potentialities, then soil fertility is conserved and a higher and more constant level of production can be main
tained throughout the year. 

High grassland production in New Zealand is due pri
marily to a climate eminently suited to grass growth. 1 In 
the greater part of the country the range of temperature 
between summer and winter is not extreme, the rainfall is 
plentiful and fairly uniformly distributed throughout the 
seasons, and the number of sunshine hours per year is high. 
There are, however, distinct differences in climate between 
the North and South Islands and within these general 
climatic regions local variations occur. Consequent upon 
these climatic differences there have developed different 
farming systems. In general, the regions of high rainfall 
and relatively small extremes between summer and winter 
temperatures are devoted to permanent pasture grassland 
farming of high production, while in the regions of lower 
rainfall and greater extremes in temperature arable 
farming with temporary or short rotation pastures is 
practised, or permanent grassland comprised of low
producing species is maintained. 

Climate has influenced not only the type of farming 
adopted in the various climatic regions but also in con
junction with these different farming practices has, over 
the years, exerted a profound change on exotic species of 
grasses and clovers imported into the country, and distinct 
ecotypes have developed. In those areas climatically 
suited to permanent grassland farming, persistent leafy 
strains have evolved, while under arable farming condi-

1 For a description of the climate of New Zealand see appendix. 

tions short-lived, stemmy, free-seeding strains have de
veloped. Following the work of Levy and Davies (1) 2 on 
the identification and classification of these ecotypes, a 
government certification scheme was inaugurated and the 
truly persistent ecotypes of the best permanent grasslands 
have been certified, while the short-lived types character
istic of arable farming areas have been rejected from the 
certification scheme. (2) 

Subsequent to the identification and certification of 
these strains they have been improved by breeding, and 
additional strains have been produced for use in short
rotation and temporary pastures. The objective has been 
to provide strains which when correctly used in pasture 
mixtures or in special-purpose pastures will enable high 
pasture production to be maintained throughout a large 
part of the year. 

All of the species in which improvement by breeding is 
being sought are cross-fertilized and the genetic variability 
is so great as to provide fertile ground for appreciable im
provement by selection. Improvement, in such features 
as yield, seasonal spread of production, and persistency, 
has frequently been accomplished by selection for these 
characters after accumulating a wide range of parental 
material. In addition hybridization has been used as a 
means of providing greater genetic variability for selection 
and to combine desirable characteristics from different 

2 Numbers within parentheses refer to items in the bibliography. 
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strains and even species. For example, short rotation rye
grass has been produced by selection from derivatives of 
hybrids between perennial and Italian ryegrass. Follow
ing hybridization between these two species and in some 
cases back-crossing to one or other of the parental species 
and then repeated maternal line selection a strain of rye
grass has been produced which possesses desirable features 
of both perennial and Italian ryegrass and is stable for 
these characteristics. 

All bred strains produced by this Division are finally 
increased and released into farming practice through the 
usual mercantile channels under the control of the govern
ment seed certification system, a system which ensures 
that the farmer obtains a standard product free from any 
major contamination. 

The exploitation of the potentialities of bred strains for 
high pasture production necessitates an appreciation of 
the characteristics of these strains. Their efficient use is 
dependent on such factors as their seasonal production, 
their persistency, and their reaction to the grazing animal 
particularly in so far as different types of grazing affect 
their vigour and competition one with the other in the 
mixed pasture. The chief characteristics of strains bred at 
the Grassland Division will therefore be considered in this 
paper as well as the bearing of these characteristics on the 
utilization of pedigree strains to increase pasture produc
tion. 

THE RYEGRASSES 

The genus Lolium contains species and strains of such 
diverse seasonal growth characteristics that it offers very 
wide scope for the breeding of a range of strains to produce 
at almost all seasons of the year and for use in temporary, 
short rotation, long rotation, and permanent pastures. 
Pedigree strains have been produced of the following rye
grasses; perennial Italian, short-rotation and ·western 
Wolths. 

been applied to increase of leaf production and persistency 
together with resistance to leaf rust ( PtKcinia coronata) 
which often severely attacks ryegrass in the late summer 
when there is little growth. 

The superiority of the pedigree strain of perennial rye
grass in persistency and resistance to leaf rust compared 
with lines which are representative of the best ecotypes 
developed under permanent grassland farming in the 
North and South Islands is shown by the following figures 
from a trial where observations on individual plants were 
recorded. 

Table I. Persistency and Leaf Rust Susceptibility of Pedigree 
Perennial Ryegrass in Comparison with "Old Pasture" Strains 

Strain 

Best "Old Pasture" North 
Island . . . . . . . . 

Best "Old Pasture" South 
Island ....... . 

Pedigree ....... . 

Plants with 
leaf rust 
per cent 

41 

7l 
4 

Plants surviving 
per cent 

76 

44 
88 

The seasonal production of pedigree perennial ryegrass 
compared with Italian and short-rotation ryegrass is in
dicated in the section of this paper dealing ·with short
rotation ryegrass (Table II). In both annual and seasonal 
production the pedigree strain of perennial ryegrass is 
similiar to the best permanent pasture ecotypes but its 
greater persistency renders it superior in the second and 
subsequent years. Moreover it has a longer seasonal spread 
of production in that it continues to make some growth 
during the early autumn when the "natural" permanent 
pasture strain does not produce fresh growth and may be 
severely affected by leaf rust. The strains of perennial 
ryegrass which have developed in arable farming regions 
are higher producing than the pedigree strain in the first 
few months after sowing but their growth is much lower 
in the summer and autumn, and due to their lack of 
persistency, production after the first year is extremely 

PERENNIAL RYEGRASS (L. perenne) low. They can therefore neither compete ·with pedigree 
Of the "English" grasses imported into New Zealand by perennial ryegrass for use in permanent pasture nor with 

the early immigrants probably the most valuable to the Italian and short-rotation ryegrass for temporary or short 
grassland economy of the country is perennial ryegrass. It duration pastures. 
is the basic grass for all high-producing permanent pasture Where climatic and edaphic factors are suitable to maxi
seeds mixtures in New Zealand. In the century that has mum grass growth perennial ryegrass together 'With pedi
elapsed since its importation and by virtue of its use under gree white clover is capable of very high annual produc
widely divergent farming systems a number of distinct tion. At this Station in pasture trials where there is no 
ecotypes have developed. Gnder a system of permanent limitation in available plant nutrients and fertility is main
grassland farming in regions of ample and well distributed tained by a high stock concentration on the pastures _yields 
rainfall favourable to high grassland production a leafy, of 14,000 lb. dry matter per acre per year have been ob
vigorous, truly perennial strain has evolved, while under a tained from pastures of pedigree perennial ryegrass and 
temporary or short rotation system of farming in districts pedigree white clover, of which the average composition is 
of lower rainfall short-lived strains have arisen. These approximately 70 per cent ryegrass. 
have gradually eventuated from the practice of sowing a In comparison with many other permanent pasture 
mixture of perennial and Italian ryegrass and harvesting grasses perennial ryegrass has a long seasonal spread of 
for a seed crop in the first season. From hybridization production. In the winter, however, its yield is much 
between the ryegrass species, sowing these mixtures, har- lower than that of the shorter lived ryegrasses. At Pal
vesting in the first season again, and the continued repeti- merston North its winter production is approximately 25 
tion of this practice a short-lived free-seeding strain of per cent of its maximum spring production while the rela
ryegrass has eventually evolved-a type which possesses tive figure for short-rotation ryegrass is approximately 
the qualities of neither perennial nor Italian ryegrass. 50 per cent. At Lincoln in the South Island, where the 

In the breeding of perennial ryegrass selection has been winter temperatures are lower, the winter production of 
made from the truly perennial ecotype and emphasis has perennial ryegrass is only 10 per cent of its spring produc-
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tion, while that of short-rotation ryegrass is 29 per cent. 
This low winter production of the perennial ryegrass-white 
clover permanent pasture can, in practice, be largely reme
died by including a proportion of short-rotation ryegrass 
in the pasture mixture. 

A factor which tends to limit the supply of seed and in
crease the seed price of pedigree perennial ryegrass is its 
susceptibility to blind seed disease ( Phialea temulenta) 
which in seasons favourable to the disease drastically re
duces the germination of the seed. Attempts are now 
being made to breed a strain of perennial ryegrass resistant 
to the disease. Resistance has been shown to be inherited 
(3) but the resistant plants located are inferior agronomi
cally to plants of the pedigree strain. By repeated back
crossing of resistant plants to susceptible plants of pedi
gree origin further resistant plants have been obtained 
which are appreciably better agronomically than the 
original resistant plants. It remains to be seen, however, 
whether a good agronomic strain which is true-breeding 
for resistance and which will maintain this resistance in 
the field can be obtained. 

ITALIAN RYEGRASS (L. multi{lorum) 

Italian ryegrass is an annual or biennial plant which 
has a much higher winter production than perennial rye
grass although its late summer and autumn growth is con
siderably lower. In the breeding of the pedigree strain of 
Italian ryegrass emphasis has been placed on high winter 
production but at the same time the potentiality to persist 
into the second season has been increased. 

To compare the production and ability to persist into 
the second year of the pedigree strain of Italian ryegrass 
with a standard strain of non-pedigree origin a pasture 
measurement trial was sown at Palmerston North on 
10 Aprill947. The yield of ryegrassin pounds of dry matter 
per acre for the winter and spring period up to 16 December 
1947, was 6,308 for the pedigree strain and 5,767 for the 
standard strain. 

The production in the following six months of summer 
and autumn has been mainly from the red clover in the 
pasture and has amounted to 3,367 lb. of dry matter per 
acre from the plots sown with pedigree Italian ryegrass 
and 3,246 lb. from those sown with the standard strain. 
However, from the former plots the ryegrass yield amounts 
to 21 per cent of that of the red clover while in the latter 
it is only 7 per cent. The pedigree strain is not only slightly 
more productive in the first year but is more persistent. 

This greater persistency of the pedigree strain is also in
dicated by survival counts made on the same two strains 
planted in the field in replicated blocks of individual 
plants. The percentage of plants surviving in the second 
year was eighty-three for the pedigree strain and five for 
the standard strain of non-pedigree origin. 

The chief use of Italian ryegrass is for temporary 
pastures of one or two years' duration. When sown with 
red clover as a special-purpose temporary pasture the 
Italian ryegrass produces during the winter, spring and 
early summer while the red clover production is obtained 
in the late summer and autumn. The biennial nature of 
the pedigree strain of Italian ryegrass mades it a good 
counterpart to red clover for a two-year pasture as it 

persists sufficiently well to provide some grazing in the 
winter and early spring of the second year when the red 
clover is practically dormant. 

SHORT-ROTATION RYEGRASS 

( L. perenne x L. multiflorum derivative) 

Short-rotation ryegrass was bred from hybrids between 
perennial and Italian ryegrass. By continued selection in 
derivatives of these hybrids for the growth characteristics 
of Italian together with the persistency of perennial rye
grass a strain of short-rotation ryegrass has been evolved 
which combines to a satisfactory degree the good qualities 
of these two species-rapid establishment, winter produc
tion and palatability from Italian, and density and per
sistency from perennial ryegrass. It has a similar seasonal 
productivity to Italian ryegrass-its winter and early 
spring growth is slightly lower than that of I tal ian but 
about double that of perennial ryegrass. Late summer 
and autumn production is greater than that of Italian but 
below perennial ryegrass production for this period. The 
following table based on a pasture measurement trial at 
Palmerston North (4) indicates the seasonal production of 
short-rotation ryegrass in comparison with pedigree peren
nial and Italian ryegrass in the first eighteen months after 
autumn sowing. The figures refer to the dry matter pro
duction of ryegrass only in a ryegrass-white clover pasture. 

Table II. Perennial, Italian, and Short-Rotation Ryegrass 
Production 

Species Winter" Spring Summer Autumn Winter 
Perennial ryegrass . 369 2,283 2,150 1,774 853 
Short-Rotation rye-

grass. 953 2,881 2,450 1,374 1,545 
Italian ryegrass . 1,206 2,984 1,766 515 1,074 
---
a 2 months only. 

In persistency short-rotation ryegrass is intermediate 
between perennial and Italian. Its potentiality for high 
production and its relative persistency are largely in
fluenced by grazing management; under continuous hard 
grazing it may be little better than an annual while under 
a lenient system of grazing combined with high soil fer
tility it approximates to a perennial. 

The main contribution which short-rotation ryegrass 
can make to increased pasture production arises from its 
ability to produce in the winter and early spring months 
when other permanent pasture species are producing but 
little. It is used as the basis of a special purpose pasture 
of short duration or as a constituent of permanent pasture. 
In the former case it is sown with white clover and red 
clover to provide feed at those seasons of the year when 
permanent pastures are low-producing. The yield from 
the short-rotation ryegrass is high in the winter while in 
the late summer and autumn the clovers take up the role 
of production. 

\v'hen used in a permanent pasture together with such 
species as perennial ryegrass, cocksfoot, white clover, and 
red clover its early growth serves to extend the productive 
period of the pasture, and to increase the palatability of 
the pasture particularly in the early stages before the 
clovers have become well established. The benefit of the 
short-rotation ryegrass will, however, not be fully realized 
if the pasture is continuously hard grazed. Under such 

536 



3EEDING AND RESTORATION OF NATURAL GRAZING LANDS CORKILL 

:reatment it is liable to be "eaten out" and dominated by 
:he perennial ryegrass and white clover which can tolerate 
harder grazing. 

WESTERN WOL THS RYEGRASS 

\V estern W olths is an annual variety of Italian ryegrass 
characterized by greater ·winter production than any 
other ryegrass. In the past, lines of true Western Wolths 
ryegrass have been imported into .;-.rew Zealand, mainly 
from Holland, but due to the fact that the strain crossed 
freely in the field with perennial and Italian ryegrass, its 
identity has been lost. A survey of lines harvested in New 
Zealand as Western Wolths ryegrass has revealed that less 
than 1 per cent of such lines could be classified as pre
dominantly Western Wolths ryegrass. 

A pedigree strain of Western Wolths ryegrass has re
cently been produced at this Station but has not yet been 
increased for distribution through the seed certification 
system. The objective has been to produce a strain which 
when autumn sown will establish rapidly and will provide 
a greater bulk of feed than will Italian ryegrass in the first 
six months after sowing. Its use would be to provide 
green-feed in the winter and early spring when production 
from permanent grassland is relatively low. At the pre
sent time Italian ryegrass and various cereals such as bar
ley, oats and ryecorn are used for this purpose. Most of 
the cereals provide earlier feed than the Italian ryegrass 
but they do not maintain their production through to the 
early spring as well. To be of value the pedigree strain of 
Western Wolths will need to surpass Italian ryegrass in 
the early period after sowing and maintain atleast as high 
production through to the spring. An indication of its 
early production compared with that of pedigree Italian 
ryegrass is provided by figures from a production trial at 
present being carried out at Palmerston North. In the 
first four months after sowing in the early autumn plots 
sown with Western Wolths ryegrass have produced 1,856 
lb. dry matter per acre compared \V'ith 1,488 lb. from the 
Italian ryegrass, a superiority in this period of 25 per cent 
in favour of the Western Wolths ryegrass. Further trials 
with this strain will be carried out in different climatic 
regions in comparison with Italian ryegrass and various 
cereals, and if it proves sufficiently superior to Italian in 
early production and to the cereals in sustained produc
tion the strain will be increased for distribution into 
farming practice. 

COCKSFOOT ( Dactylis glomerata) 

Where rainfall is lower and not so reliably distributed 
and where soil fertility is insufficiently high to favour high 
production from perennial ryegrass and white clover, 
cocksfoot is more suited to take up the role of the domi
nant permanent pasture grass. As a component of a 
permanent pasture along with perennial ryegrass, cocks
foot has the valuable attribute of maintaining its produc
tion during the autumn period if the available moisture 
is too low for growth of perennial ryegrass. But where 

in an endeavour to produce a strain which is less likely to 
be suppressed in a mixed pasture by the v-igorous rye
grasses. 

The New Zealand Akaroa strain of cocksfoot has been 
shown by Levy and Davies (5) to be superior in vigour and 
persistency to various imported strains, and the plant 
material used at this Division in breeding a pedigree strain 
was obtained mainly from lines of Akaroa cocksfoot. The 
increase in vigour and production of the bred strain over 
the standard New Zealand strain is shown by the following 
figures obtained from pasture trials, carried out at Pal
merston North and Lincoln. In both cases the cocksfoot 
was sown with white clover. At Palmerston North over a 
two and one-half year period the pedigree strain produced 
15,632lb. dry matter of cocksfoot per acre compared with 
12,499 lb. from the standard strain. At Lincoln during a 
two-year period the yields have been 6, 720 lb. and 4, 722lb. 
for the pedigree and standard strain respectively. 

TIMOTHY ( Phlemn pratense) 

Timothy is used in most seeds mixtures for permanent 
pasture but except in Southland the acreage harvested for 
seed is small, and most of that sown in the past has been 
of seed imported from North America. Imported lines 
have very definite limitations in so far as leafiness and per
sistency are concerned. The seasonal production is short 
as growth commences late in the spring and there is a long 
dormant period in the winter. From observations made 
on New Zealand harvested seed it appears that there have 
not been the very definite ecotypes developed in New Zea
land as in the ryegrasses, cocksfoot and white clover, al
though lines from Southland are more leafy and slightly 
later flowering than imported American strains. The 
study of a large array of strains from America and Europe 
has sho'h'!l that the Welsh Plant Breeding Station "pas
ture hay" and "hay" strains, S48 and S51 are superior in 
this country to all other imported or New Zealand strains 
in leafiness, production, and winter-greenness. The su
periority is so outstanding that these strains have been 
used to provide the basic plant material for a strain pro
duced at this Division. The relative production and per
sistency of this strain compared with an American im
ported line is shown by the data from a pasture trial sown 
at Palmerston North on 1 October 1945. The timothy 
was sown in a mixture with Italian ryegrass and white 
clover. Over a two and one-half year period the total pro
duction of the pasture sown with the pedigree timothy 
was 26,082 lb. dry matter per acre while that of the pas
ture sown with the imported timothy was 23,050 lb. 
Moreover the yield of timothy itself was 11,971 lb. for the 
pedigree compared with 6,360 for the imported strain. At 
the end of the two and one-half year period the per
centage of timothy in the pasture sown with the pedigree 
strain was 65, as against only 8 in the pasture sown 
with the imported line. 

WHITE CLOVER (Trifolium repens) 

conditions favour perennial ryegrass it will suppress cocks- White clover in New Zealand has provided a wide field 
foot which is slower to establish and under severe grazing for selection for there are extremely large differences be
less vigorous in growth. The main objectives, therefore, tween strains and individual plants in such characters as 
in breeding a pedigree strain of cocksfoot have been to in- productivity and longevity. In their investigations on 
nease its vigour of growth and its speed of establishment white clover, Davies and Levy (6) identified strains ranging 
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from a small-leaved, non-vigorous, practically annual type 
to a vigorous, high-producing, persistent type which they 
designated Type 1. Follo"Wing this work the white clover 
certification scheme was inaugurated to identify and certify 
areas producing this type which incidentally embraced 
only about 5 per cent of the white clover harvested for 
seed at that time. Bred lines based on this Type l ecotype 
and selected for greater vigour, persistency, and extended 
seasonal growth have been produced and are certified. 
The relative production of this pedigree strain compared 
with the best certified New Zealand strain of non-pedigree 
origin and with an ordinary uncertified New Zealand 
strain is shown by the following data from a trial carried 
out by Gorman (7) at Palmerston North. The trial was 
sown in November 1945 in replicated plots with a seeds 
mixture of pedigree ryegrass at 40 lb. per acre and white 
clover at 3lb. per acre, and measured by mowing without 
grazing. The yields to August 1948 for total dry matter 
per acre and for clover dry matter per acre shown in 
Table III, together with the percentage of clover present 
in the latest cut, indicate the relative productivity and 
persistency of the various clover strains under competition 
from the ryegrass. 

Table III. White Clover Strains-Dry Matter Production 
Strain 

Uncertified N.Z.. . . 
Certified non-pedigree 
Pedigree ..... . 

Total 
dry matter 

per acre 
21,672 
25,717 
27,166 

Clover 
dry matter 

per acre 
10,041 
1.5,421 
17,676 

Per cent 
dover at 
latest cut 

14 
29 
53 

White clover is used in all seeds mixtures for short ro
tation and permanent pastures and is undoubtedly the 
species which contributes most to the thrift and high pro
duction of the best grasslands of New Zealand, not only 
from its own contribution to that production but also from 
its effect on the yield of the associated grasses in the 
pasture. In all pastures nitrogen is essential to grass 
growth, and in the highly producing pastures of this coun
try it is the white clover which maintains the nitrogen 
status of the pasture. The effect of the pedigree strain of 
white clover in increasing the production of associated 
grasses has been demonstrated by Levy and Sears at this 
Station (8}. Amixtureofpotentiallyhigh-producing grasses 
sown without white clover has yielded approximately 
5,000 lb. dry matter per acre annually, while the produc
tion from the same grass mixture sown with pedigree 
white clover was approximately 13,000 lb. The associ
ation of this white clover has increased the production of 
the grasses themselves from 5,000 lb. to 8.000 lb. apart 
altogether from the extra production from the white 
clover itself which amounted to 5,000 lb. per acre. It was 
shown that Pedigree New Zealand white clover growing 
under best conditions produced by itself as a pure sward 
approximately 10,000 lb. dry matter per acre with a total 
nitrogen fixation equivalent to approximately 2,000 lb. of 
sulphate of ammonia per acre per annum. The ryegrass
white clover combination is the pasture par excellence for 
climatic and edaphic conditions where the summer and 
autumn are not too severe. However, in regions where the 
summer drought extends so far that autumn merges 
sharply into winter, production from white clover is low 
and greater reliance is placed on red clover. 

RED CLOVER (Trifolium pratense) 

Two varieties of red clover are used in pastures in New 
Zealand-broad red clover which may be classified on the 
basis of its annual production as a double-cut variety, and 
Montgomeryshire red clover which is essentially a single
cut red clover. 

The Montgomeryshire strain was introduced into New 
Zealand only about twenty years ago and since its intro
duction it has been certified as a distinct strain which has 
been used for short rotation and permanent pastures par
ticularly in the South Island. It is essentially a summer 
and autumn growing variety and particularly in the lower 
rainfall areas of the South Island produces well when the 
yield of white clover is low. 

A pedigree strain of Montgomeryshire red clover is now 
certified which is rather more vigorous and uniform to 
type but still retains the growth characteristics of the 
imported strain. 

New Zealand cowgrass or broad red clover is earlier 
flowering, has a lower leaf-stem ratio, begins growth ear
lier in the spring and is less persistent under grazing than 
Montgomeryshire red clover. In the pedigree strain im
provement in leafiness, production, and persistency has 
been effected. The following data on the production of the 
pedigree strain compared with the commercial strain of 
broad red clover and with pedigree Montgomeryshire red 
clover have been obtained from measurement plots at 
Palmerston North and Lincoln. In both districts the 
trials consisted of replicated plots of pure sewings of red 
clover and in each case measurements by mowing were 
made for a period of twenty months. 

Table IV. Red Clover Strains-Dry Matter Production for 
20-Month Period at Lincoln and Palmerston North 

Strain 

Commercial Broad 
Pedigree Broad . . 
Pedigree Mont .. 

Palmerston North 
Dry matter 
lb. per acre 

12,154 
13,882 
11,990 

Lincoln 
Dry matter 
lb. per acre 

8,686 
10,292 
10,465 

In each district the production of the pedigree strain of 
broad red clover is greater than that of the commercial 
strain, although the difference is not large--6 per cent at 
Lincoln and 14 per cent at Palmerston North. Broad red 
clover and Montgomeryshire red clover are very similar in 
total production but the former has a rather longer sea
sonal spread of production, commencing growth earlier in 
the spring. 

THE UTILIZATION OF PEDIGREE STRAINS OF PASTURE 

PLANTS TO INCREASE PRODUCTION 

The productive potentialities of the pedigree strains of 
pasture plants produced at this Station having been briefly 
discussed it is proposed to consider the methods of utilizing 
these strains so that the most can be made of their 
potentialities. Their most efficient use in pastures is de
pendent very largely on their growth characteristics par
ticularly in so far as seasonal growth is concerned. To 
obtain maximum production throughout the year atten
tion must be given to the best combination of strains and 
species in a seeds mixture and to the most appropriate 
management of the resulting pasture to ensure the maxi-
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mum productivity of each species consistent, of course, 
with high nutritive value. 

The two periods of low pasture production in New Zea
land are the winter and late summer and if these gaps can 
he bridged by the use of selected grasses and clovers which 
grow during these periods then higher per acre production 
should be realized. In many parts of New Zealand, parti
cularly in the North Island, very little cropping is under
taken and the stock are dependent almost solely on 
pasture. Under such a farming system the periods of low 
grassland production can be alleviated either by con
serving excess pasture production in the form of hay and 
silage or by the use of special purpose pastures to provide 
teed during these periods. 

The conservation of excess pasture growth in the form 
of hay and silage is a common practice and a reliable in
surance against periods of pasture shortage. Where low 
winter production from permanent pasture sets the limit 
to the stock carrying capacity of the farm and a high peak 
of growth is obtained in the late spring and early summer 
it is sound practice to conserve this surplus growth as hay 
or silage to supplement the winter food supply and to 
control rank pasture growth. Nevertheless, it is a wasteful 
method, for as Sears and Goodall (9) have shown there is a 
loss under the best conditions of between 30 and 40 per 
cent of dry matter in the process of converting pasture 
into silage, while under farming conditions the losses are 
considerably greater. 

To obtain a seasonal spread of pasture production in 
conformity with stock requirements advantage can be 
taken of the different seasonal growth characteristics of 
the various pasture species and strains. For instance the 
seasonal spread of production of a permanent pasture con
sisting predominantly of perennial ryegrass and white 
clover can be extended by the inclusion in the seeds mix
ture of short-rotation ryegrass and Montgomeryshire red 
clover, the former to increase the winter production and 
the latter the late summer production. But as different 
strains and species demand different grazing management 
for their maximum production their full potentialities 
cannot be easily obtained when they are used as consti
tuents of a complex mixed pasture. To make full use of 
their out-of-season production they should be used as the 
basis of relatively simple special purpose pastures. For 
instance a temporary pasture sown with Italian ryegrass 
and broad red clover can readily be so managed as to give 
high winter production from the Italian ryegrass and a 
good bulk of late summer feed from the red clover. 

The ability of Western Wolths, Italian, and short
rotation ryegrass to produce in the winter months can 
best be exploited by using them as the basis of temporary 
or short rotation special purpose pastures. Of these 
three ryegrasses the annual Western Wolths is the highest 
winter producer and is used alone or v.rith a winter
growing cereal as a temporary pasture to produce winter 
green-feed. Where a two-year pasture is required pri
marily to give winter and late summer feed, Italian rye
grass sown with broad red clover can be used, the Italian 
ryegrass producing the winter feed and the red clover 
growing in the late summer when the ryegrass is non
productive. Under favourable conditions the pedigree 
strain of Italian ryegrass will persist sufficiently well after 

the first summer to give a good bulk of feed in the follow
ing winter and in the second summer its place will be 
taken by the red clover. Where special purpose pastures 
of longer duration are required short-rotation and peren
nial ryegrass, together with white clover and red clover, 
should be used. Such a pasture if leniently grazed has a 
long seasonal production with the main contribution in 
the winter coming from the short-rotation ryegrass and in 
the late summer from the red clover. During the period 
when these two species are not growing rapidly, production 
is maintained by the perennial ryegrass and white clover, 
a very highly producing combination in the spring, sum
mer, and autumn months. 

EFFECT OF IMPROVED PASTURE STRAINS ON YIELDS OF 

SUBSEQUENT WHEAT CROPS 

In his discussion of the factors responsible for the in
crease in wheat yields over the past decade J. W. Calder 
(10) considers that the main factor "is the use of high
producing pasture, heavily limed, regularly top-dressed 
with superphosphate, and containing vigorous clover to 
build up the nitrogen content of the land". As has been 
shown earlier in this paper the pedigree strain of white 
clover when growing under favourable conditions is capable 
of fixing atmospheric nitrogen equivalent to about 
2,000 lb. sulphate of ammonia per acre per annum. 
Pasture of high-producing grass-clover combination 
adequately supplied where necessary with phosphate and 
lime enables a high stocking rate to be maintained and 
results in a build-up of the soil fertility. The adoption of a 
rotational system of mixed farming where wheat land 
alternates with high-producing pasture is a logical method 
of capitalizing on the built-up soil fertility. 

CONCLUSION 

From this outline of the breeding of strains of pasture 
species in New Zealand it will be realized that the prime 
objective in the plant improvement programme has been 
to obtain increase in production and in the seasonal spread 
of that production. The climate over most of the country 
is favourable to high and sustained grassland production, 
the strains have been bred which are inherently capable of 
this production, but their potentialities will only be com
pletely expressed when those environmental factors under 
the control of the farmer are so moulded as to suit their 
particular characteristics. Sound farming practice which 
will maintain soil fertility and intelligent grazing manage
ment are fundamental prerequisites to the full exploitation 
of the inherent potentialities of bred strains of pasture 
species. With full attention given to these factors in the 
use of pedigree strains soil fertility is conserved and higher 
production is possible not only from the pastures them
selves but also from subsequent crops. 
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APPENDIX 

THE CLIMATE OF NEW ZEALAND 

Abstracted from "Grasslands of New Zealand", by E. Bruce 
Levy and published by the Army Education Welfare Service. 

In considering styles of agriculture throughout the 
world perhaps the first analysis should be made of climate, 
for no one can really understand the agricultural practice 
of a country until this analysis has been made. 

Full dependence on grassland for the successful carrying 
out of a high-production agricultural programme is an 
experience unique among agricultural countries of the 
world. New Zealand, particularly the North Island, can 
claim this position almost without challenge. It is not 
that our soils are more fertile or that our farmers are more 
intelligent: it is merely a matter of a favourable high
production grassland climate. Our winters are mild, the 
summers are not excessively hot, the rainfall is copious 
and fairly uniformly spread. With these facts our farming 
fortunes are intimately linked. 

In New Zealand nearly all dairy cows are wintered out 
of doors, rugs being the only protection that sometimes 
proves necessary against the elements. A few herds are 
fed indoors on hay and roots plus a little concentrate, 
more as a protective measure against winter poaching of 
pastures rather than of necessity on account of the cold. 

The climate of Great Britain at 1,200-1,500 ft. altitude 
resembles that in New Zealand at approximately 2,500-
3,000 ft. altitude and these areas are destined for all time 
to remain in rough grazings of permanent low-yielding 
grass, or stunted scrub, tussock or bog land. The New 
Zealand climate at 1,000-1,500 ft. would approximate to 
that of England from sea-level to 800 ft. Most of our 
dairying land in New Zealand is less than 1,000 ft. above 
sea-level, so that we have an advantage over Great Britain 
equivalent to about 1,000 ft. in altitude. 

The North Island of New Zealand expects to get quite 
good autumn recovery of grass during April and some 
considerable growth during the winter. In the South Is
land there is practically no growth from permanent grass 
during May, June and July. 

In New Zealand the agriculture of the North Island is 
dissimilar in many respects from that of the South Island, 
and climate alone is the predominating factor that brings 
about this differentiation. 

The essential difference in climate between the two 
islands is set out below and an analysis of the data 
reveals that minimum temperatures and rainfall are the 
two outstanding factors. Thus a fall of approximately 

7 degrees Fin the minimum earth temperature, 6 degrees 
Fin the average minimum air temperature, and 7 degrees 
F in the annual average minimum of grass minimum tem
peratures, together ·with a decline in rainfall from 48 in. 
average to 28 in. average (exclusive of west of the ranges 
in the South Island) predestines the ploughable country 
of the North Island to practically an all-grass farming 
system and that of the South Island to rotational pastures 
and arable crops, or the alternative to these, permanent 
grass of low production. 

Nevertheless where there rules above the average rain
fall in the South Island the temperatures are not too low 
in the V~inter nor too hot in the summer to exclude the use 
of high production, long rotation pastures. 

Meteorological Data Showing Differences in Climate Between 
the North Island and the South Island of New Zealand 

Annual mean earth temperatures 
at l ft. deep. . . . . . . . . 

Annual mean minimum earth tem
peratures at 1 ft. deep . • . . 

Annual mean maximum earth tem
peratures at 1 ft. deep • • . . 

Annual mean air temperatures. . 
Annual mean minimum air tem

peratures . . . . . . . . . . 
Annual mean maximum air tem

peratures . . • . . . . • . . 
Jl,'fean daily grass minimum tem

peratures . . . . • . . • . . 
Mean annual minimum of grass 

minimum temperatures . 

North Island 

58° F. 

44° F. 

72° F. 
56° F. 

27° F. 

83° F. 

41° F. 

20° F. 
56 nights 

South Island 

55° F. 

37° F. 

69° F. 
51° F. 

2P F. 

86° F. 

35° F. 

13° F. 
Ground frosts occur on . . • 
Snow falls on . . . . . . . 3 days, 

high country only 

118 nights 
6 days 

Duration of bright sunshine . 

;\fean hours of bright sunshine . 
Wind-mean 24-hourly anemometer 

run .....•....... 
Wind-mean annual highest 24-

hourly run . . . . . . . . . 
Rainfall, mean annual . . . . . 
Rainfall, falls recorded on . . . . 
Range of annual rainfall for both 

islands . . . . . . . . . . 
Range of annual rainfall S.I. East 

of mountains . . . . • . . . 
Range of annual rainfall S.I. 'Vest 

of mountains . . . . . . . . 
Rainfall, mean annual S.L East of 

mountains ......... . 
Rainfall, mean annual S.L \Vest of 

mountains ......••.. 

1,654-2,416 1,584-2,510 
hours hours 

2,110 1,935 

127 miles 

426 miles 
48 in. 

160 days 

30-150 in. 

97 miles 

368 miles 
33 in. 

130 days 

15-250 in. 

15-35 in. 

80-250 in. 

28 in. 

152 in. 
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ABSTRACT 

The natural grazing lands in the western half of the United States occupy 728 million acres. The climate is pre· 
dominantly arid and the environmental pattern embraces large differences. Numerous studies to determine species 
adaptation indicate that for reseeding much of the range, introduced species are superior to the natives. Ecotypes 
collected from various geographic areas show pronounced differences and suggest the need for more introductions of 
important exotic species. Seventy strains have been assembled by grass breeders of the Great Plains and Intermoun· 
tain region and are entering tests throughout the area. These consist of either (I) selections from available strains or 
(2) promising introductions. Emphasis in grass breeding procedure has shifted from the development of selfed lines to 
the direct hybridization of selected plants. Some technic problems peculiar to grass remain to be solved. The im
portance of seed production is recognized, but there is a serious lag between appreciation of the value of a species by 
researchers and the availability of seed through commercial channels. The principal source of seed of native species is 
the highly variable seasonal production of native stands. Only limited research has been conducted on factors affecting 
seed production. Such studies are of great importance and should receive a high priority. Crested wheatgrass (Agro
pyron cristatum) is the most valuable cool-season species for use in range reseeding in the Intermountain Region. 

The natural grazing lands in the western half of the 
United States occupy an estimated 728 million acres, in an 
area about 1,200 miles square. Collectively these grazing 
lands are known as the western range. The climate is arid 
except at high elevations, and the environmental pattern 
encompasses .-vide variations, giving rise to ten major 
vegetational types. The eastern and southern parts re
ceive summer rainfall and support chiefly warm-season 
grasses, Bouteloua, BHchloe etc., while the remainder of 
the area receives primarily winter rainfall and the grasses 
are of the cool-season type, Agropyron, Bromus, Elymus, 
Poa, Festuca, Stipa etc. In the large interior valley of 
California, summer droughts are prolonged, and here an
nual grasses, weeds and browse provide most of t}:l,e forage. 
A large part of the area is mountainous, where altitudinal 
differences bring about marked changes in boti climate 
3.nd vegetation within a very few miles. 

Only a small part of the western range affords year-long 
grazing. For the most part mountains represent summer 
range, deserts winter range, and the intermediate lands 
spring and fall range. This seasonal use of the various 
forage resources means that they should be in balance with 
one another for the most effective use of the entire area. 
This balance is upset when there is insufficient forage at 
any season. In general the spring-fall ranges, (sagebrush
grass type) have been overgrazed, with the result that 
grass has decreased, or disappeared. Sagebrush ( Artemi
sia tridentata) has thickened and extended its area about 
10 per cent (from approximately 90 to 100 million acres) 
since occupation by white men. The pattern of use of the 
grazing lands of the western range is extremely important 
and must be thoroughly understood before a programme 
to improve the forage resources of the area can be intelli
gently planned. 

ADAPTATION OF SPECIES 

A large number of grasses and other plants that have 
forage value, such as browse, occur naturally on the 
western range. Legumes are not abundant. The native 
species occupy the areas to which they are adapted, 
but ecotypes (ecological races or subdivisions of a species) 
from various geographical regions differ markedly in many 
characteristics that have economic value. Over a con
siderable part of the area introductions (species not native 
to the western range) appear to be superior to the natives. 

Some species adaptation studies were conducted prior 
to 1900, but it has been during the past twenty years only 
that an organized programme has been in operation. 
While work of this character is now in operation in all 
parts of the West, it has been done more intensively in the 
Intermountain Region where it has been conducted pri
marily on sagebrush and abandoned dry-farm land (for-
merly sagebrush). Several hundred species have been 
planted in nursery rows throughout the region. These 
nursery rows have been planted on well-prepared seed-
beds, and weeded, so that the best use could be made of 
very limited quantities of seed. Most of the strains tested 
prove to be unadapted, or low in production, or otherwise 
inferior, and are eliminated. The few that appear pro
mising are usually planted in larger plots, depending on 
the availability of seed. In the larger plots, which are not 
weeded, an effort is made to apply methods that might be 
practical on extensive areas. \Vith reference to the sage
brush-grass range type two conclusions were early de· 
monstrated, (1) the seed must be covered, and (2) com
peting vegetation must be removed. R.ecent investigations 
in aspen (Populus spp.) and in the mountain-brush zone 
(between aspen and sagebrush) indicate that leaf-fall of 
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aspen, oakbrush, and possibly other woody plants serves 
to cover the seed satisfactorily. This is of great importance 
as it makes airplane seeding practical. Crested wheatgrass 
(Agropyron cristatum) has consistently proved well 
adapted and more productive than other grasses in the 
sagebrush zone. At higher elevations many cultivated 
grasses such as Bromus inermis, Dactylis glomerata, Phleum 
pratense, Arrhenatherum elatius, Phalaris arundinacea and 
Agropyron intermediztm are productive. Various agencies 
have conducted these species adaptation trials but in the 
Intermountain Region the Forest Service has probably 
done more than all others combined. 

The absence of a legume that can survive on the range 
presents a serious problem. Generally in small experi
mental plantings, legumes such as alfalfa (Af edicago sa
tiva) are quickly taken out by rodents. The probable 
value of adapted legumes,particularly for the more favour
able sites, is sufficient to warrant continued search. 

GENETIC DEVELOPMENT 

The formal beginning of range grass breeding in the 
Gnited States dates from 1936 when the Division of 
Forage Crops and Diseases of the Department of Agri
culture initiated a programme in co-operation with other 
federal agencies and several state experiment stations. 
The great fund of plant-breeding knowledge then avail
able was not immediately usable on grass. Many basic 
facts about the grasses themselves had yet to be dis
covered. Grass presented problems, by the very nature of 
its use, not previously encountered with cultivated crops. 
The solution of these problems was necessary before 
breeding work could be efficiently carried out. Some of 
these problems were solved as a matter of routine study 
of the species, while others remain to be clarified. We have 
learned how most of the valuable species reproduce. We 
are now aware that the native species and probably all in
troductions consist of numerous ecotypes. These are so 
diverse that a careful examination of all available sources 
of a species is highly important when choosing the ma
terial from which to launch a breeding programme. This 
suggests the desirability of greatly increasing the number 
of introductions of important exotic species. 

In the fall of 1918 the grass breeders of the Great Plains 
and Intermountain Region issued a list of strains available 
for testing. A total of seventy strains was entered by all 
agencies interested in range improvement. Two groups 
are nearly equally represented, (1) mass or single-plant 
selections, and (2) introductions or collections from native 
stands within the range area. Approximately half are 
Agropyron and Bromus. The grass breeder's list indicates 
the nature of the early work; evaluation of available ceo
types, and elementary selection from them. In addition, 
the early work generally included self-pollination and the 
development of inbred lines in response to the impressive 
performance of hybrid com. We now realize, however, 
that grass has certain advantages over corn, (1) grass is a 

grasses are needed before any method will be able to 
demonstrate its value. 

Perhaps the most perplexing problems before grass 
breeders relate to the manner of choosing desired plants 
and of evaluating progenies from very limited quantities 
of seed. The earlier work in grass improvement made use 
of the productive soils of established experimental farms. 
~ow the tendency is to do the selection and evaluation 
phases under conditions that are representative of the area 
where the grass is to be used. In the early work seedlings 
were transplanted into widely spaced stands that were 
cultivated to remove all competition. There appear to be 
conflicting views among grass breeders as to the soundness 
of this approach. Since plants are known to react signi
ficantly to their environment it would seem, theoretically 
at least, highly desirable to provide the conditions of ulti
mate use during all selection and evaluation steps. 

Extensive cloning has been practised by some, as a 
means of more accurately appraising selected plants. 
Opinions differ as to the efficiency of this method. When 
the efficiency of the initial selection process is low, as was 
implied by one study, all phases may be inefficient. If the 
selected plants represent a high percentage of genetically 
superior genotypes, such a population is suitable for use 
directly in any of several systems of controlled hybrid
ization. 

After having given consideration, and some trial to 
several methods, the writer is now attempting to 
follow a plan which seems to be theoretically sound, and 
which it is hoped will not present too many technical 
difficulties. Plants are selected from a specially designed 
field in which they are growing in competition with other 
plants of the same species and of any other species which 
are expected to be with them in ultimate use. The selected 
plants are then vegetatively increased for use in a system 
of controlled hybridization requiring as many isolation 
locations as there are genotypes. All genotypes are re
presented at e3.ch location, but at each a different genotype 
serves as the male parent. All females are emasculated 
with hot water prior to anthesis (pollen shedding). Hy
bridization is then accomplished by wind pollination. The 
various progenies are evaluated in a planting like that 
from which their parents were chosen. The specific com
bining a~ility of each parent plant is determined. These 
progenies also provide the plants for a second cycle of 
selection. 

Most of the grass species of major importance on the 
range are naturally cross pollinated; however a few are 
self pollinated and some are apomictic. Quite a number of 
natural hybrids have been discovered, and progress is 
being made in revising taxonomy on the basis of cyto
genetic studies. While these phases have contributed little 
to grass improvement to date, it is expected that this basic 
work will eventually have great value. 

SEED PRODUCTION FOR RE-VEGETATION PURPOSES 

perennial and any desired genotype can be perpetuated The selection of adapted species and the production of 
indefinitely, and (2) a highly uniform grass population superior strains fail in their purpose unless an adequate 
may not be desirable. This new viewpoint led at once to a supply of seed is developed. Some species of grasses that 
consideration of direct hybridization of selected plants, a are valuable on the range are also used in pastures and 
procedure which had already been undertaken by the alf- meadows on cultivated lands. These have long been avail
alfa breeders. Additional time and experience with able through regular channels of the seed trade. Many of 
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the native species are not yet commercially available. 
The lag between the recognition by researchers of the value 
of a species, and its availability through commercial seed 
channels is regarded as a serious problem in the United 
States today, and is receiving renewed consideration. 

The principal source of seed of the native species of 
value in reseeding has been collections from native stands 
hy the Nursery Division of the Soil Conservation Service. 
This agency has also performed valuable service to re
search agencies in supplying through its nurseries seed 
of other native and many recently introduced species. 
.·\ great deal of experience has been gained. At first it 
was thought that most species would require special 
equipment for harvesting, but now nearly all are har
vested directly by combines. Much effort was once ex
pended to clean the seed, but now the trashy mass that 
comes from the combine is sometimes planted without 
cleaning. The chief limitation of native stands as a source 
of seed is the uncertainty of a seed crop. It has been 
estimated that on the southern Great Plains some seed can 
be expected one year in four, but a really good seed crop 
occurs only about one year in twenty. Native stands that 
are adaptable to large-scale harvesting equipment are not 
common in the mountain region. 

Considerable interest has been shown in growing seed of 
valuable introductions, and a few experimental studies 
have yielded some information on seed production. Grass 
planted in rows 36 in. to 48 in. apart has been found to 
yield more seed than solid stands or close drills. The rows 
require cultivation and frequently applications of nitro
genous fertilizer greatly increase yields. On good dry-farm 
land crested wheat grass gives seed yields of approximately 
200 lb. per acre from cultivated rows. Much higher yields 
have been reported under irrigation. Many sites on which 
crested wheatgrass is successful for forage production are 
too dry or otherwise unfavourable for seed production. 
vVith increased understanding of reseeding methods, al
ready becoming standardized for the sagebrush zone of 
the Intermountain Region, it is expected that a strong 
demand for seed of crested wheatgrass will continue for at 
least several years. This conclusion is based on careful 
study of reseeded areas which indicate that production 
has been increased from five to fifteen times that obtained 
before reseeding. Superior strains of crested wheatgrass 
will probably replace the standard type now favoured. 

Otherpromisingintroducedgrasses that are being grown 
for seed production are Agropyron interrnedium, especially 
in Colorado, South Dakota, and the Pacific Northwest, 
and the Lovegrasses ( Eragrostis spp.J in the southwest. 
Seed production of the more important range species 
deserves a great deal of study. It is a reasonable assump
tion that until factors necessary for success in seed grow-

are more fully understood, there will not be built up 
any large reserves of seed capable of fully meeting the 
demands of an accelerating reseeding programme. 
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Recent Advances in Methods for Restoring 

Deteriorated Grazing Land 

F. G. RENNER 

ABSTRACT 

The natural grazing lands of the world protect man's cities from floods, furnish much of his food and clothing, and 
provide numerous other services. Many of these lands have been damaged and the widespread application of restorative 
measures is needed. 

Basic to any successful programme of restoration is an understanding of the natural processes of plant succession 
and a classification of the present condition of the grazing lands. Such a classification will indicate the extent of the 
improvement possible and point the way to the selection of the improvement measures likely to prove both economic 
and successful. 

Direct measures for the restoration of natural grazing lands include: seeding of nutritious and high-producing 
forage grasses; mechanical treatment of the land itself to conserve flood and run-off waters; and fertilization to in
crease the production of vegetation by making more plant food available. 

The removal or control of invading shrubs by machinery, chemical poisons, fire, and biological means, reduces the 
competition these plants offer and indirectly increases both the quality and density of the remaining vegetative cover. 

Both of the types of measures described require improved range and livestock management for a full realization of 
their benefits, and better management is in itself a major means of restoring deteriorated natural grazing lands. 

The costs of these measures, and the benefits experience has shown may be expected from their use, is given. A 
selected bibliography is furnished. 

There is a deep and growing interest throughout the 
world in grass, and in the vast areas of range land where it 
grows. This is as it should be for grass and the lands that 
support it protect us from floods, guard the water supply 
of our cities, and supply most of the clothes we wear and 
much of the food that we eat. U,Ifortunately, many of 
these lands have been neglected and their resources dam
aged. The good grasses have been eaten away over large 
areas, to be replaced by worthless or even poisonous weeds 
and shrubs which furnish neither forage for the livestock 
nor protection from the driving rains. Raw gullies mark 
the landscape, and, in many parts of the world, good hus
bandry is the exception, rather than the rule. 

It is particularly appropriate, therefore, that we con
sider the means by which these lands can be improved and 
their resources restored. In this introductory paper I shall 
describe some of the recently developed practices that 
have proven successful. 

RANGE CONDITIO:-;' CLASSIFICATIO:-.i 

One of the outstanding developments is the recently 
perfected method of classifying the condition of the range 
(12)1. The classification first segregates different "kinds" 
of range land, those with inherently different soil and 
vegetation characteristics and hence differing in their 
potential capacity. The condition of the particular kind 

1 Numbers ·within parentheses refer to items in the bibliography. 

of range in question is then determined by identifying the 
stage of plant succession which it supports. The classifi
cation is thus a diagnosis of the range. Of most im
portance, it tells the technician or rancher just how much 
deterioration has taken place. This usually leads to a 
knowledge of the reasons for the deterioration. With this 
information, it is a simple matter to determine the specific 
improvement measures needed, and to judge which areas 
are likely to respond first and how much they will im
prove. Diagnosing the condition of deteriorated range 
lands has thus done much to take the mysticism out of the 
problem of their improvement. Knowing what measures 
to use, the costs of their application, and the probable 
results, the rancher may quickly determine the economic 
feasibility of any proposed improvement work. Experi
ence has demonstrated that the success of any programme 
of range improvement will be greater, and the costs less, 
if the first step is a condition classification of the area. 

SEEDING 

A vast amount of progress has been made in the seeding 
of deteriorated range lands as evidenced by the millions 
of acres that have been improved by this method in recent 
years. Most of this progress has come from learning at 
least partial answers to three simple questions: Where to 
seed?; What to seed?; and How to seed? The recent 
advances in improving range lands by seeding which I 
shall discuss are grouped in these three categories. 
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Where to seed 
For many years we were forced to rely on very general

ized recommendations as to the kind of land suitable for 
seeding. Usually the research worker suggested that only 
those sites be seeded where the soil was "deep", "fertile", 
and moisture conditions "above average". These rough 
guides were insufficient to prevent many costly failures, 
which in turn discouraged efforts that would have been 
successful had they been better guided. The development 
of land capability surveys which furnish precise infor
mation on depth, fertility, permeability, water-holding 
capacity, and other important soil factors, has made such 
failures unnecessary. A reliable guide on "where to seed" 
has thus proven an important advance in range improve
ment methods. 

What to seed 
Much of our past research in range seeding has involved 

testing vast numbers of plant species from many sources, 
native and foreign, to determine their growth require
ments and performance under field conditions. Out of 
this considerable experience has come the knowledge that 
successful plantings are likely only if the species chosen 
are adapted to the site. This can be determined most 
readily by selecting plants >vith growth habits similar to 
those of the climax vegetation. The range ecologist knows 
what the species of the climax vegetation should be, even 
though the range is in a deteriorated condition. This 
knowledge tells him what the factors are that limit plant 
growth for that particular site. From the condition of the 
range, he knows its possibilities for improvement. Use of 
this information permits selection of the proper species 
for seeding 'vVith considerable confidence that they will 
prove successful under field conditions. This is an im
portant advance. 

Once the group of plants with proper growth habits is 
chosen for seeding, further selection may be made to 
secure plants which will produce over a longer period than 
the native forage grasses. In the United States, the use of 
such "cool-season" grasses as smooth brome, western 
wheatgrass, crested wheatgrass, and intermediate wheat
!:,'Tass, has lengthened the normal grazing season six weeks 
and at the same time has relieved the demands on the 
native range during the critical spring period. The same 
principle may be followed in selecting introduced plants 
that produce more abundantly than their native counter
parts. Sand lovegrass, for example, has been found to 
produce 108 lb. of gain per acre and weeping lovegrass 
132 lb. in an area where the native range grasses produce 
only 35 lb. per acre gain (13). Crested wheatgrass, the 
exotic most extensively planted on western United States 
ranges, has produced 228 sheep-days of grazing per acre, 
as compared with 71 on native ranges. 

How to seed 
A fundamental requirement in the successful seeding of 

range lands is that the seed be properly covered. This 
practically eliminates broadcasting as a satisfactory 
method and has led to the development of a number of 
drills especially adapted to the use of grass seed. Use of a 
drill ensures greater uniformity in the distribution of the 
~eed, places the seed more nearly at the proper depth, and 
ess seed is required per acre. 

The double disc press drill is to be preferred to the single 
disc since it does not cover the seed so deeply. Where 
there is a heavy weed growth the furrow drill is superior 
to the disc type since the former will cut through the 
weeds and place the seed in contact with the firm, moist, 
soil. Furthermore, the ridges left by the furrow drill will 
reduce soil blowing where wind erosion is a hazard. 

In adapting ordinary grain drills to handle the lighter 
and usually more fluffy seeds of forage grasses, five require
ments are necessary. The drill must seed the grass mix
ture uniformly; place the seed at the proper depth in the 
soil; be adjustable for varying rates; compact the soil 
after the seed is covered; and operate efficiently in 
mulches. One of the successful drills of this type is known 
as the "Woodward" drill developed at the Great Plains 
Field Station at Woodward, Oklahoma. This drill makes 
use of cotton-planter hopper boxes to carry the seed, 
double rolling-coulters to open the seed furrow, a depth 
gauge to accurately control the depth of seeding and a 
packer wheel to firm the soil over the seed. It has been 
found excellent for drilling native grasses in sorghum 
mulches and other residues. 

The main cost of seeding deteriorated range land is 
found in the cost of the seed itself, with added charges for 
seed-bed preparation which may include removal of com
peting vegetation, and in some cases, fencing to protect 
the new seeding. In addition to these factors, the size of 
the area treated will influence total costs. The average 
costs frequently cited in the United States vary from 
$0.85 to $1.50 per acre. :Much of the experience on which 
these costs are based includes a great deal of seeding that 
was poorly planned and which resulted in poor stands. 
A minimum cost of a competent job is closer to $3.00 per 
acre for the usual conditions. This cost will include 
ploughing at $0.50 to $0.75 per acre; drilling, $0.35; and 
seed, $1.00 to $2.00 per acre (16). 

CO~SERVATION OF FLOOD WATERS TO IMPROVE THE RANGE 

A number of types of treatment have been applied to 
deteriorated range lands to retain excess rain and flood
water and thereby increase the forage growth. One of the 
most successful has been the eccentric disc. This is a 
heavy 18-in. one-way disc plough with the alternate discs 
20 in. in diameter and mounted two inches off-centre. In 
operation the equipment scoops out shallow discontinuous 
pits about sixteen inches apart. An area thus treated will 
hold an additional 0.3 in. of rain. This is a tremendous 
advantage in arid sections where the moisture from the 
sporadic rainfall is usually almost entirely lost through 
run-off. Pitting is particularly adapted to ranges which, 
under heavy use, have a tendency to revert to a shortgrass 
cover with a high density but with low volume production 
of forage. The pitting thins out this cover and makes 
more moisture and plant food available to the remaining 
plants. It also stimulates the return of the earlier growing 
taller grasses, increasing the feed available in the critical 
spring period as well as the total forage production. The 
increased moisture retained in the "waffiized" surface, 
the longer grazing season, and the greater supply of better 
forage, combine to increase the grazing capacity. Sheep 
ranges where this treatment has been applied have carried 
33 per cent more animals over a five-year period and have 
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produced 11 lb. more lamb per acre per year. Cost of the 
treatment is about $0.25 per acre (2). 

FERTILIZATION 

In comparison with improved pastures, comparatively 
little use has been made of commercial fertilizers as a 
means of improving deteriorated range land. The low 
stage of productivity of most range lands, coupled with 
the high cost of such fertilizers, has tended to discourage 
adequate investigation of this problem. Moreover, a few 
trials on perennial range grasses have damaged the plants 
or failed to increase their production (13). Recent studies 
on annual grass ranges in California, however, have shown 
exceptional promise. On those ranges the vegetation now 
consists almost entirely of European annual grasses and 
forbs, including several species of Avena, Bromus, Ero
dium, Festuca, Hordeum and Medicago. Ammonium 
phosphate-sulphate (12-20-0) fertilizer applied in early 
winter after the first effective rain, at the rate of 200 lb. 
per acre, resulted in an increase of 2,496 lb. of hay per 
acre (4). In that area, this is the equivalent of more than 
three additional animal-unit-months of grazing per acre. 
This increase in yield of feed more than offset both the 
cost of the fertilizer and its application. Of even more 
importance, the early growth resulting from the fertilizer 
advanced the date the range was ready to graze by seven 
weeks. This is a tremendous advantage in an area where 
costly winter feeding is necessary even to maintain animal 
weights. These tests indicate that the application of 
commercial fertilizers may well prove an economic means 
of improving the productivity of annual grass ranges that 
occur over extensive areas throughout the world. 

ELIMINATION OF COMPETING VEGETATION 

Some of the most spectacular advances in methods of 
range improvement have been in the control and removal 
of noxious woody plants. Literally millions of acres of 
range lands throughout the world have become infested 
with such worthless scrubs. In the United States, these 
include several species of oak, mesquite, cedar, guajillo, 
sagebrush, huisache, creosote bush, and others. Before 
the introduction of domestic livestock and when the 
ranges were in their original good condition, these plants 
were held in check by competition from the vigorously 
growing forage grasses. As the grasses were weakened and 
reduced by overgrazing however, the shrubs extended 
their range and greatly increased in density. In the United 
States, Texas ranchers alone estimate the loss of forage as 
the result of the invasion of noxious shrubs at 40 mil
lions of dollars annually. The magnitude of the problem 
in that area is indicated by these estimates of the infested 
lands: 

Acreage of Noxious Woody Plants on Texas Ranges (I) 

Mesquite. 
Live oak 
Cedar .. 
Creosote bush 
Tar bush ... 
Shinnery oak 
Guajillo . 
Sandsage 
Huisache 

55,008,000 
20,000,000 
18,000,000 
16,300,000 
12,100,000 

8,800,000 
6,800,000 
6,400,000 
6,380,000 

Landowners have long used a variety of methods for 
controlling these plants, including fire and hand grubbing. 
Many of these plants are root-sprouters, and ill advised 
burning frequently succeeds only in making matters worse 
since the plants merely send up a greater number of shoots 
after the parts above the ground are killed. Excessive 
labour costs have made hand grubbing uneconomic in 
most instances. 

111 echanical measures 

More recently, attention has turned to the development 
of power equipment which is able to get over considerable 
acreage fairly rapidly and thereby greatly reduce the cost. 
The most successful types of power equipment developed 
thus far include the following: 

1. The tree dozer is composed of a tractor with a heavy 
pushbar attached which pushes the tree over and exposes 
its roots. These are then cut by a V-shaped blade mounted 
below the push-bar. 

2. The root c~dter consists of a 3 or 4-ft. blade mounted 
on the front end of a tractor. The blade may be lowered 
and as the tractor moves forward the blade gouges into 
the soil and lifts the tree out of the ground. It is especially 
adapted to the control of mesquite. 

3. The br~tsh cutter is a series of heavy cutting blades 
rigidly attached to the outside of a heavy steel cylinder 
which is drawn by a tractor over the infested area. Brush 
up to 2 in. or 3 in. in diameter may be cut, although it is 
frequently necessary to go over the area more than once. 

4. Circular power saws mounted on a tractor are success
ful on shrubs or trees up to 14 in. or 16 in. in diameter at 
the ground level. They are not satisfactory on root
sprouting species unless the operator is prepared to remove 
the regrowth annually. 

5. The bn~sh beater consists of a large number of heavy 
chains attached to a shaft which revolves at great speed as 
the tractor on which it is mounted moves through the 
brush. Equipment of this type, mounted on small rna
chines, is effective on small shrubs. Heavier machines will 
knock over and pulverize larger shrubs with a stem dia
meter of 4 in. or 5 in. and up to 15 ft. in height. 

6. Ploughs, usually of the heavy disc variety, have been 
developed which are particularly successful in removing 
sagebrush. One of the most useful has been the "Stump
Jump Plough" developed in Australia. This equipment 
has the discs mounted in sets of two on jump arms so as 
to ride over obstacles, an important factor in avoiding 
wear and breakage of the machine when operated on 
rocky terrain. 

7. Heavy-duty mowers equipped with power-take-off, 
heavy guards, and a complete set of hold-down clips have 
been perfected. These machines are especially effective in 
cutting smaller brush such as sandsage, skunkbush, and 
sand plum. 

Both costs and benefits from the removal of noxious 
shrubs from range land with power machinery vary tre
mendously, depending on the roughness of the terrain, the 
density and kind of shrubs, type of equipment used, pro
ductiveness of the site, amount of good forage grasses left, 
and other factors. Even though there has been relatively 
little research to determine costs or feasibility of brush 
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control under different conditions, ranchers are going 
ahead with control operations on hundreds of thousands of 
acres-at costs which vary from a dollar or two to fifteen 
or twenty dollars an acre. In some cases, improvement in 
1 he condition of the range has been rapid and the benefits 
have more than paid for the costs. Mowing sandsage in 
Oklahoma, for example, paid for itself in two years. 
l~emoving the brush increased the grazing capacity of the 
range by 80 per cent, raised the gain per head by 4 per cent 
and nearly doubled the production of beef per acre. The 
cost was approximately $2.00 an acre (13). On other sites, 
and with other kinds of brush, results may be less favour
able. Under many conditions however, ranchers justify 
even exceedingly high costs on the ground that failure to 
control the invading shrubs will result in complete loss of 
the grazing value of their land. 

[lse of chemicals to control noxiotts range plants 

Sodium arsenite and acid arsenic pentoxide have been 
used successfully to control mesquite and prickly pear. 
Both of these compounds must be used with extreme care, 
however, since they are hazardous to grazing animals as 
well as workers. 

Ordinary kerosene has been the most commonly used 
chemical in the control of a number of noxious shrubs, in
duding mesquite and huisache. If care is used, a consist
ent kill of 80 to 90 per cent may be obtained the first year. 
For mesquite, the usual method is to pour a quart of the 
kerosene on the ground at the base of the tree. The liquid 
venetrates the soil and saturates and kills the underground 
buds found at the junction of the trunk and roots. If 
resprouting is to be prevented, care must be taken to see 
that all of these buds are killed. 

The war-developed 2,4-D (dichlorophenoxyacetic acid) 
has shown great promise as an effective herbicide for 
many of the noxious broad-leafed shrubs including sand
sage, skunkbush, sandplum, and flame-leaf sumac. It is 
less effective on the oaks, prickly pear, yucca, and mes
quite. A number of mixtures of 2,4--D have been tested, 
including several methyl, ethyl, isopropyl, and butyl 
esters, and several sodium salt solutions. The cheapest 
and one of the most effective mixtures consists of the 
following materials. A solution of one pound of pure 2,4-D 
acid, 0.6 of a lb. of sodium carbonate and four gallons of 
water in emulsion with one gallon of diesel oil. 

The time of treatment has been found to be extremely 
important. The spray should be applied when the plants 
are well leafed out and growing actively. Experience thus 
far has emphasized that spraying at the wrong time is a 
complete waste of money, labour, and materials. 

Due to the difficulty of operating ground equipment 
over rocky and rough terrain, the most effective method 
of application has been by airplane. These are equipped 
with a tank, pump, mechanical agitator, underwing boom, 
and nozzles. It is important that the plane be fitted with 
a cut-off valve to avoid releasing the spray on areas not 
intended to be treated. Flying as low as possible and on 
strips of 50 ft. intervals, the plane will effectively cover 
1,000 acres a day. Costs of materials and application are 
approximately $2.00 an acre (13). Spraying by this 
method has doubled the production of the grass and has 
paid for itself in increased livestock gains the first year. 

Fire 

For centuries, fire has been used as a means of destrov
ing unwanted tree and shrubby growth and to impro~e 
lands for the grazier. Its use for this purpose has long been 
condemned, however, mainly by professional foresters. 
Much of this opposition has resulted from sentiment, some 
of it because haphazard burning resulted in harmful, or 
even disastrous consequences. Recent research studies 
have substituted fact for much of the sentiment in this 
age-old controversy. They have shown that carefully 
planned burning, when properly carried out, is an effec
tive means of increasing forage production. This is an 
important advance. Precautions in the use of fire are still 
necessary. Adequate measures must be taken to ensure 
that the fire does not escape the area planned for burning, 
and the area burned should be protected from grazing the 
first year and properly managed thereafter. Under these 
conditions, burning sagebrush areas in Idaho has doubled 
the grazing capacity, at the low cost of 19 cents per 
acre (11). 

Biological Control 
In the field of biological control of noxious range plants, 

the outstanding development in the world has been the 
remarkable work of the Government of Australia in the 
destruction of prickly pear. Introduced into that country 
many decades ago, two species of this cactus had spread 
until in 1925 they occupied over 60 million acres. Half of 
this was so densely infested that the land was completely 
unusable for any purpose. To meet this serious problem, 
the Commonwealth Prickly Pear Board was established 
and under its direction over 150 species of cactus insects 
were studied in North and South America. One of them, 
Cactoblastis cactorum, proved especially destructive to 
the prickly pear. An initial introduction of 2, 750 eggs of 
this insect was increased to approximately 3,000 million 
and released throughout the prickly pear country. To 
quote the official report, "the results were miraculous. 
Mile after mile of the dense growth collapsed after a few 
months under the concentrated attack of the phenomenal 
numbers of larvae. Great tracts of country, utterly useless 
on account of the dense growth of the cactus, have been 
transformed as though by magic from a wilderness to a 
scene of prosperous production" (5). Within seven years 
after the initial liberation, the last big area of original 
pear succumbed to the combined attack of the insect and 
the accompanying bacterial activity. 

IMPROVEMENT THROUGH BETTER RANGE MANAGEMENT 

It needs to be emphasized that results from the measures 
which have been discussed may be slight, or at the best, 
temporary, unless such improvement practices are also 
accompanied by good range management. Invariably, 
better results from these improvement measures will be 
obtained if too early grazing is avoided and adequate 
forage reserves are left at the end of the grazing season to 
ensure vigorous growth the following year. 

In the field of improved range management, two out
standing recent advances are worthy of mention. One of 
these is the gradual abandonment of the disastrous prac
tice of stocking the range with a fixed number of animals 
year after year without regard to the great annual fiuctu-

547 



c-,,~.~-"-"-·t""',...¥'&!\li:!W<li,.,, __ ,...,ill'l"""'"''""' __ ,_,..,,.._tiY....,""""._ ______ , __ _,,, ______________________________ _ 

UNSCCUR PROCEEDINGS: LAND RESOURCES 

ations that take place in the forage growth. This unfortu
nate method of stocking the range was encouraged by the 
classical "range surveys" which attempted to determine 
the average grazing capacity of the range. A major defect 
of these surveys was that they did not evaluate the yearly 
fluctuations in forage production. Consequently, in years 
of good forage production the grazing capacity estimates 
from such surveys were too low and led to a waste of 
forage. In years of poor forage production, which were 
usually more frequent, they were too high. Their use thus 
inevitably led to periodic overstocking and helped bring 
about the deteriorated condition of much of our range 
land. The replacement of such surveys and their theory of 
a fixed grazing capacity, with the practice of varying the 
stocking rate in accordance with the condition of the range 
and with the annual forage production is a distinct step 
forward (9). 

A second advance in our knowledge of how to use the 
range has come with increased information on the resist
ance of individual forage species to heavy grazing use, and 
their response to less intensive grazing. A decade or two 
ago even the "experts" thought four-fifths or more of the 
current growth of such forage plants as blue grama could 
be safely grazed. Experience has shown that at least half 
of the current forage growth of this valuable range plant 
must be left ungrazed. This is necessary to insure root
reserves sufficient to produce succeeding crops the follow
ing years. Comparable information has been brought to 
light for many other important forage plants. While 
moderately grazed ranges may not support as many head 
of livestock, they invariably produce larger calf and lamb 
crops, heavier animals, and more total pounds of livestock 
products, and do it at less cost. To cite but one example, a 
heavily stocked area studied over an eight-year period, 
produced 39,873 lb. of calf-weight. On a comparable, 
moderately stocked area, the production totalled 44,342 
lb., an increase of over 17 per cent (8). Conservative 
grazing had the added advantage of saving $240 per cow, 
the cost of the additional feed necessary on the heavily 
stocked range. Ranchers are becoming increasingly aware 
that conservative grazing is the more profitable. If gener
ally adopted, this type of management may well prove the 
most important method of improving deteriorated range 
land. 
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The Role of Grassland in Soil Conservation-Aerial 
Topdressing and Seeding Trials 

D. A. CAMPBELL 

IXTRODUCTION 

The problems of maintaining production, combating 
depletion of pastures and controlling soil erosion and ex
cessive run-off on induced and indigenous hill country 
grasslands are becoming increasingly acute owing to lack 
of access, shortage of labour, and inefficient equipment. 

measures are fertilizing to improve fertility, and seeding 
to establish responsive clovers and grasses. The possi
bility of using aircraft for these purposes consequently 
merits full investigation. The preliminary aerial fertilizer 
trials were confined to typical North Island hill country 
pastures, and the seeding trials to typical depleted South 
Island high country native pastures. 

The most immediate conservation problem is improve- Owing to the conservation value of such a technique on 
ment of the sward and the most effective large scale inaccessible pastoral land the writer formulated proposals 
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Figure l. Fertilizer Distributor fitted to Avenger Aircraft. 

which were adopted by the Soil Conservation and Rivers 
Control Council in 1947. At the Council's request , these 
proposals were further considered by an expert Inter
departmental Committee consisting of the Departments 
of Scientific and Industrial Research, Agriculture, Minis
try of Works and Royal New Zealand Air Force. 

FERTILIZE R TRIALS 

Trials were initiated to provide information on the 
mechanics of distribution, the design and type of aircraft 
most suitable, and the practicability of the project. Early 
consideration was given to using concentrated phosphate, 
but for several reasons granulated or "hillside" super
phosphate was used in the preliminary trials. 

The R.N.Z.A.F . agreed to prepare an aircraft for these 
trials. As the cost of adapting a large aircraft was scarcely 
warranted for the initial trials, the most suitable available 
machine was an Avenger Torpedo Bomber capable of car
rying a 2-ton load externally. A fertilizer hopper adapted 
from a reserve petrol tank was attached in the bomb-bay 
(Figure 1) and fitted with distribution lots and controls 
designed to discharge a load of one ton of "hillside" super 
at the rate of 2 cwt. per acre at normal flying speed. 

FERTILIZER CALIBRATION TRIALS 

Calibration trials were carried out at Ohakea Aerodrome 
by flying across the concrete runways at varying heights 
with two types of superphosphate- "commercial" and 
"hillside" superphosphate. The former is a gritty powder; 
granules of the latter pass at in. mesh and are retained on 
at in. mesh. 

In the first trial carried out in a light wind, the cloud of 
dust from the commercial super drifted off the aerodrome, 
and a small proportion of heavier granules settled on the 
trial area. Further trials were carried out with "hillside" 
super, both across wind and into the wind at elevations of 
70, 100, 200, 400 and 600 ft ., at a speed of 125 m.p.h. 

The swathe of super pellets was reminiscent of hail both 
during their fall and on the runway. The width of the 
swathe varied directly with the height of the aircraft, from 
12 yards width at 70 ft . to approximately 180 yards at 
600 ft. As was expected, crosswinds deflected the falling 
"super" quite appreciably. 

Figure 2. Hillside Superphosphate being released from an A veng~r 
Aircraft. 

(R.N.Z.A .F. Photo) 

Sampling was done by sweeping up the super from the 
regularly spaced 10-sq.-yard hexagons of concrete with 
which the runway was paved. 

The following weights from alternate hexagons along 
the centre of the line of flight provided a check on the con
tinuity of flow: From 400ft. flying height : 2.45, 2.49, 2.60, 
2.57, 2.16, 2.55, 2.37 and 2.36 cwt. per acre. From 600ft. 
flying height : 2.35, 2.12, 2.13, 1.83, 1.90 cwt. per acre. 

The transverse distribution was recorded at 17 ft. 4 in. 
intervals as follows : From 400ft. flying height: average of 
pairs of samples. 

.01, .1 6, .4 7' 1.04, 1. 78, 2.58, 2.54, 1.82, 1.25, .65, .31 , 
.02 cwt. per acre (Figure 3). 
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F igure 3. Distribution of "Hillside" Superphosphate from 400 ft . 
flying height, and Effective Distribution in parallel flights 90 ft . 

apart. 
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From 600 ft. flying height: 
.03, .07, .10, .17, .28, .38, .61, 1.08, 1.43, 1.83, 2.13,1.38, 

.73, .51, .42, .25, .14, .08, .06, .01 cwt. per acre. 
From a graph of these distributions it was calculated 

that at 400 ft. elevation a spread of not less than 2 cwt. 
per acre was obtained over a swathe of up to 50 ft., and 
that by making successive runs at 90 ft. intervals a top
dressing of from a minimum of 2 cwt. per acre to a maxi
mum at the centre of each flight of 2.5 cwt. per acre could 
be obtained, providing that the wind did not vary 
(Figure 3). 

The most remarkable outcome of the calibration trials 
was the distribution effect of the slipstream superimposed 
on the normal dispersive eddies created by the falling par
ticles which gave unexpectedly effective and wide distri
bution of the granulated superphosphate. 

The preliminary trials proved that a sufficiently satis
factory ground distribution of granulated "hillside" super 
was possible from a fertilizer distributor fitted to an 
Avenger aircraft flying at a height and speed suitable for hill 
country, and further trials on a field scale were warranted. 

RAGLAN FIELD TRIALS AND CONCLUSIONS 

Typical hill country with poor access and sloping steeply 
from 600 ft. to 200 ft. elevation was chosen on a property 
at Te Mata, south of Raglan. On this farm a moderately 
good mixed pasture of ryegrass, cocksfoot, dogstail, 
danthonia, white clover and subterranean clover had been 
established during the previous twenty-five years on 
hitherto heavy mixed podocarp forest land. 

The Air Force surveyed the trial area, prepared a flying 
plan and organized three-way radio communication be
tween ground, air and base. Smoke indicators were lit and 
moved over appropriate distances prior to each flight. 

The aeroplane operated from Rukuhia Aerodrome some 
20 miles distant, and after an establishing run was made, 
came in over the ridge and descended parallel to the slope 
of the trial area. From the flying point of view the trial 
was very satisfactory, but unfortunately the superphos
phate did not flow freely owing to the high proportion of 
fine material in the sample. However, for the third and 
final trip the more granular sacks of "super" were chosen 
and the load was successfully dispatched in runs over the 
target area as was successfully originally planned. 

The Department of Agriculture, which undertook to 
measure the ground distribution and collate the infor
mation on the subsequent response, reported that: 

(1) The wool-padded boxes placed on a series of parallel 
lines along the proposed lines of flight trapped the falling 
fertilizer at the average rate of 13.5 grammes per sq. yard 
or 144 lb. per acre; 

(2) From the square yard wire frames used additionally 
in transverse sampling of the entire area an average of 6.7 
grammes per sq. yard or 72 lb. per acre for 49 samplings 
was obtained. 

( 4) The ground measurements correlated well with the 
total weight dropped when allowance was made for the 
unexpectedly large proportion of fine material in the 
sample, some of which probably drifted with the wind off 
the area. 

In view of the fact that by double screening the manu
facturers can assure supply of a uniform sample of "hill
side super" in future, the field trial must be regarded as 
being highly satisfactory in proving the practicability of 
aerial topdressing of average New Zealand hill country. 

AEROPLANE DISTRIBUTION OF SEED :MIXTURES 

Further investigation of seed sowing from the air was 
necessary on introducing legumes into North Island hill 
country pastures and grasses and legumes into South Is
land high country native pastures. In the past, surface 
sowing trials have proved to be effective in assisting the 
recuperation of the latter country notably at Molesworth, 
::Vft. Pisa and on "The Bluff's" Run, properties notoriously 
depleted by overgrazing, fire and rabbits. 

From earlier experience in the sowing of lupin seed on 
sand dunes and cobalt and copper sulphate applications 
on trace-element deficient areas, A. M. Prichard, pilot to 
Aerodrome Services, Ministry of Works, designed and 
fitted a suitable hopper in a Whitney Straight light aero
plane capable of carrying 400 lb. of seed. 

A venturi was arranged to effect a forced dispersion of 
the seed as it flowed from the hopper by gravity, and con
trols were designed to regulate the rate of flow according to 
speed and height of the aircraft and thus provide a con
stant 10 lb. per acre distribution of the mixture sown. 

SEED-SOWING CALIBRATION TRIALS 

Calibration trials were made at Rongotai Aerodrome 
using a mixture of pasture seeds suitable for high country 
containing clovers (white, red and subterranean), grasses 
(cocksfoot and browntop) and yarrow. 

Trial flights were made under calm weather conditions, 
at 100 ft., 200 ft, and 400 ft. flying height, with this seed 
mixture in order to determine the pattern of distribution 
under ideal conditions. Counts of seeds were made direct
ly on the tarmac using a unit square yard frame of wire 
and by collecting the seed on sheets of cloth (20 sq. ft. in 
area) placed at 5 ft. centres across the line of flight. 

The distribution from 400 ft. height gave the nearest 
approach to practical demands and can be summarized as 
follows (Figure 4) : 

Seed Rate 
per acre 

No. of 
seeds 

required 
per sq. yd. 

Total Average Average 
width of number no. of seeds 
distribu- of seeds per per sq. yd. 

lion sq. yd. over a 
swathe of 
39 yds. 

Cocksfoot . 
Allowing for a 50 per cent recovery by this method Browntop . 

owing to the loss of fine material these sample weights Yarrow .. 
compare favourably with the box samplings. Red clover. 

\Vhite clover. 
(3) The total of 2t tons dropped on the target area of Subterranean 

5 lb. 
! lb. 

500 i6 yds. 
1,550 63 yds. 

204 
402 

415 
788 
85 

160 
246 

! lb. 360 60 yds. 37 
2 lb. 88 50 yds. 88 
1 lb. 100 42 yds. 171 

27 acres shows an average distribution of 1 t cwt. per acre. clover. . . 1 lb. 15 50 yds. li'i 26 
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Figure 4. Distribution of seeds released from a plane flying at 
400 ft. on a calm day. 

From the graphs of distribution of individual compo
nents of the mixture a compromise was made between 
effective ground distribution and suitable flying height to 
determine the distance between parallel flights. 

FIELD TRIALS 

On the Soil Conservation Reserve, Omarama, 100 acres 
of severely eroded slopes of Omarama soil type were 
seeded at approximately 10 lb. per acre with the above 
mixture. 

Despite the windy conditions (20-25 miles per hour 
velocity) the trial was carried OU;t, and a satisfactory 
ground distribution was obtained by flying on approximate 
contours working in parallel strips 2 chains apart. The 
whole operation was carried out in approximately l hour 
giving an indication of the possibilities of sowing large 
areas cheaply. 

Arrangements were also made to sow a 50-acre trial 
block on a property where the owner had already surface 
sown depleted pastures successfully. Ideal ground con
ditions were obtained, at the close of the frost season (30 
September) when the loose, cracked soil was still moist. 

However, on this typical high country (3,000 ft.) with 
its steep slopes and deep valleys, upper wind conditions 

were found to be dangerous although the ground weather 
conditions were ideal. In the runs made it was possible to 
lap the seed sown on each run, but the winnowing effect of 
the wind on the seed mixture resulted in separate strips of 
grasses and clovers being sown on the ground. This would 
be of little practical consequence if a large area was sown 
in a steady wind. Reports from ground observers con
firmed the satisfactory spread of the seed on the ground. 

A trial also was made \\>ith sowing one pound per acre 
each of white clover and lotus major on moderately fertile 
well grassed, but clover-deficient hill country. 

Plates filled with water were placed five paces apart in 
the valley, on the slope, and along the top of the ridges to 
measure the distribution. The seed collected in the plates 
indicated a fairly satisfactory overall distribution, but 
considerable variation in the numbers of seeds collected 
in some plates illustrated the effect of wind in deflecting 
the seeds. 

CONCLUSIONS 

The aerial distribution trials have proved that fertilizer 
can be dropped from aircraft successfully within the de
sired limits of accuracy, provided the ballistics of the 
fertilizer are reasonably uniform, and the aeroplane has 
satisfactory performance under the conditions of terrain 
involved. 

From the preliminary measurements made of the distri
bution of grass and clover seeds from beneath the fuselage 
of a single engined plane, the indications are that satis
factorily even distribution and control of the individual 
components of the mixture are not obtained owing to the 
varying ballistics of the seeds. To some extent the problem 
was solved by sowing across wind in the field trials where a 
satisfactory distribution of the larger seeds was reported 
on the ground. The necessary control of the seed would 
appear at this stage to involve pelleting or cementing seeds 
into larger agt,rregates for aerial distribution. 

INVESTIGATIONS NECESSARY 

These trials brought into sharper focus the need for 
considerable investigation, further with the result that the 
Soil Conservation and Rivers Control Council has set up 
an Advisory and Co-ordinating Committee on Aerial 
Distribution of Fertilizers and Seeds, and sub-committees 
have been set up to investigate the aviation, materials, 
transport and economics and agricultural aspects of the 
project. 

When fuller information is available the Council will be 
in a position to organize a service that will help to achieve 
its purpose of soil conservation and flood control combined 
with maintaining permanent production from large areas 
of inaccessible and deteriorating hilly land. This service 
will incidentally provide additional establishment and ex
cellent training for the Air Force, for National Defence 
and soil defence. 
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APPENDIX I 

Since these trials were commenced farmers have taken 
an active interest in aerial seed sowing and have con
tracted with a commercial firm to sow portions of their 
properties as follows: 

Mr. Scaife, Wanaka: 1,500 lb. of seed was sown at the 
rate of 10 lb. per acre (approx.) at a cost of £10 for the 
aerial distribution. 

Mr. Strain, Lake Hayes: 1,800 lb. of seed was sown in 2 
hours at the rate of I 0 lb. per acre and at a cost of £10. 10 s. 
0 d. for distribution. 

Messrs. Saunders & Nelson, Crown Terrace: 2,000 lb. of 
seed was sown in 2 hours at the rate of 10~1b. (approx.) per 
acre at a cost of £10 for distribution. 

Wintersloe Run, ::V!ethven: A contract has been under
taken to sow 5,000 acres with a 10-lb. mixture of cocksfoot 
and white clover at an approximate cost of £166 for 
distribution. 

APPENDIX II 

As a result of the preliminary aerial distribution trials 
with fertilizer, improvements in technique and equipment 
were made. The sides of the hopper were steepened to 60 
degrees and a high frequency vibrator rod with 4-in. dia
meter discs attached, was installed throughout the length 
of the lower part of the hopper. 

Ground control of the topdressing plan was perfected 
and the machine was brought in on the desired line of 
flight by two-way radio communication. 

The cost and feasibility of an aerial topdressing service 
were recently investigated in a thousand-acre field trial on 
ten different hilly farms in the Wairarapa. Fields were 
chosen to cover local variations of terrain, soil, slope and 
pasture at distances varying from 8 to 35 miles from the 
aerodrome. 
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The Royal New Zealand Air Force fitted a flight of 
three Avenger aircraft with hoppers and provided a jeep 
for radio control by the ground party. 

In 57 hours' flying time, 137 tons of fertilizer was 
transported (8-35 miles range) and distributed on 1,088 
acres of inaccessible country at an average rate of 2t cwt. 
per acre. The cost was £15 per hour of flying time and was 
equivalent to 15 shillings per acre, which compares favour
ably with present day costs on accessible hill country. 

The farmers who paid for the fertilizer were satisfied 
with the distribution and claimed that it would not be 
possible to improve on it by other methods. 

The Department of Agriculture reports on the measured 
distribution were favourable and showed that distribution 
improved as operators gained experience. The Depart
ment agreed that no other method on this rough country 
would give as effective distribution. 

The R.N.Z.A.F. reported that (a) aircraft can be readily 
adapted to carry and discharge satisfactory loads of super
phosphate, (b) a good distribution can be achieved, (c) 
satisfactory placing of "swathes" in relation to each other 
was attained, and (d) satisfactory methods for control of 
aircraft and flying technique on hilly country were 
evolved. 

The trial proved to the Soil Conservation Council's 
satisfaction that most of the factors affecting a large scale 
aerial topdressing service have been sufficiently tested to 
enable reasonably accurate conclusions to be reached. 

Surveys reveal that upwards of 10 million acres of 
pastoral hill country are responsive to phosphate which 
cannot be applied with the present inadequate equip
ment. Since an aerial topdressing service would make 
possible doubling and trebling the carrying capacity of 
this one-sheep-to-the-acre land, the Government has been 
recommended to combine its aerial defence needs with 
those of soil conservation and increased food production. 
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Management of a Permanent Pastoral Industry 
to Guard Against Grazing Land Deterioration 

E. BRUCE LEVY 

ABSTRACT 

Production and maintenance of high yielding permanent grassland is essentially linked with a temperate and 
mesophytic climate and with a high per acre stocking density where the grazing animals are adequately fed and where 
the grazing is such as to ensure full and uniform return of the animal residues-dung and urine-to the grazed sward. 

Phosphate, or phosphates and lime, or phosphates, lime and potash, and bulky clovers are essential to initiate 
sufficient clover growth to carry adequately a high per acre stock concentration under a system of off and on rotational 
grazing management. 

Special purpose pastures and a grazing management to ensure their maximum growth help out normal low periods 
of general purpose pasture growth and obviate at least some of the practices which are wasteful from the point of view 
of pasture conservation. 

Set, hard, close and continuous grazing, with inadequately fed stock will ruin grassland and any farming system 
based on grassland. 

Pasture potential on lowland and on hill country is dealt with and this is based on an adequate supply of imported 
phosphates, on the establishment and maintenance of a high clover content and on a rotate-graze management with 
appropriate class of stock. Fences to control stock are imperative. 

Clover nitrogen and the manurial value of stock residues are stressed in the soil fertility building cycle. 
The relationship of the dense sward to soil conservation is touched upon and it is pointed out that the soil fertility 

building and grazing management policy advocated for high grassland production also results in reducing run-off and 
soil loss from the hills. 

Some conclusions are set out relative to the part New Zealand may play in a greater contribution to the world's 
larder and wardrobe. 

Originally there were in New Zealand no high producing 
native grasslands. The sown grasslands of today have 
resulted from the felling of temperate rain forests or the 
clearing of fern and scrub and the breaking in of the low
land country by the plough. One hundred years ex
perience in the development of these has shown many in
teresting features wherein the grazing animal itself, once 
initial production of high carrying capacity was es
tablished, has played the major role. On the other hand 
where natural, low producing tussock grassland was 
cleared by periodic burning and where it has been over
grazed by sheep and rabbits, denudation and desert-like 
conditions now prevail. Temporary withdrawal of stock, 
elimination of the rabbit and cessation of burning will be 
necessary to restore this primitive cover. 

High yielding grasslands of the lowlands have been 
literally produced by stock and any grassland improve
ment of the low or intermediate producing types is also 
essentially linked with the adequately fed animal carried 
in large numbers. Inadequate feeding and overgrazing 
will on the other hand, ruin any grassland or any farming 
system based on grassland. 

BASIS OF OUR GRASSLAND ECONOMY 

Climate 
High production permanent grassland is possible only in 

a temperate, mesophytic climate where there is some 
growth of grass at all seasons and where animals may be 
grazed out-of-doors the whole year round (1) 1 • 

Permanent grass of low or of mediocre production is of 

t Numbers within parentheses refer to items in the bibliography 

course possible in almost any part of the world. Typical 
examples are the great prairies, the steppes, and our own 
lowland and montane tussock country. 

For the most part, however, the main food supply of the 
world is derived from rotational farming, where crops and 
short ley pastures coincide with those climatically short 
periods of the year when good growth is possible. The 
annual and short-lived, but bulky species of grasses and 
clovers predominate under such conditions. 

Climate determines the agricultural system of any coun
try. New Zealand, and particularly the North Island, is 
unique in her dependence on grassland for high agri
cultural production. The development of high producing 
grassland has not been due to the greater initial fertility of 
the soil or the greater intelligence and industry of the 
farmers, but simply to the favourable climate with its mild 
winters, its not excessively hot summers and its copious 
and fairly uniformly spread rainfall. 

THE GRAZING ANIMAL 

Our grassland economy is largely based on the practice 
of carrying sufficient well fed animals-some six to eight 
ewes plus lambs, or one dairy cow or fattening beast to the 
acre all the year round, under a controlled system of 
rotational grazing which involves the consumption in situ 
of a large volume of herbage per acre-12,000 to 16,000 lb. 
dry matter per acre-and the return through excretion of 
the excess waste residues on to the growing sward in 
sufficient quantities and uniformly distributed so as to 
cater for continuous pasture growth. 

Coincidence of flush of pasture production with seasonal 
female stock demand is a vital part of that farming econo-
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my. Refrigeration has made it possible for Kew Zealand 
to thus enable production, in so far as over two-thirds of 
our animal products are for export and delivery can, under 
cool storage, be spread over the greater part of the year. 

Production from grassland so grazed with a minimum 
of home-grown supplementary fodders and hay and silage 
derived from grassland, and with practically no imported 
concentrated feed-stuffs, nor home grown cereals, is an 
essential part of that economy. 

These factors contribute greatly, not only to lower costs 
of production and to a low labour demand, but the mere 
presence of the grazing animal at a high density per acre 
over the farm ensures a high and quick turnover of soil 
fertility ingredients-nitrogen, phosphate, potash, lime 
and minor minerals and organic matter contained in the 
dung and urine of the grazing animal. 

SPECIAL PURPOSE PASTURES 

Special purpose pastures (2) and grazing control can 
assist in sustaining a better spread of growth to tide over 
critical low production in winter and summer, and to avoid 
undue herbage conservation practices which depreciate to 
a marked degree the potential value of the crop of grass 
produced on the farm. Researches in hay and silage 
making (3) would indicate that depreciation of feeding 
value of conserved grass is approximately 50 per cent for 
good hay and good silage, and correspondingly greater in 
poorly saved hay or badly made silage. 

In grassland improvement the disadvantage of using 
hay, silage or dried grass lies in the fact that the flow of 
fertility to the sward is stopped whilst the hay and silage 
is in store and the decomposition losses that occur in the 
processes of conservation detract from its manurial value 
when fed to stock grazing the pasture from which it was 
produced. In the case where it is stall-fed the residues may 
be further dissipated and what are available may be 
transferred to some other field on the farm or removed 
from the farm altogether. 

Bought-in hay, bought-in silage, roots or grain and oil 
concentrates will of course enhance farm fertility, but woe 
betide the land from which those materials were originally 
produced. 

MA~-POWER ECONOMY IN OUR GRASSLAND FARMING 

The man-power in New Zealand engaged in the primary 
agricultural industry is perhaps, per ton of food produced, 
the lowest in the world. Clark (4) estimates net produc
tion per head in Kew Zealand as being twice that in the 
Argentine, nearly four times that in Denmark and the 
United States of America and five times that in Great 
Britain. 

Climate, out-of-door grazing of stock, an extensive 
grazing practice and the possibility of producing peren
nial, high yielding pastures by merely topdressing once or 
twice a year with phosphatic fertilizers, together with a 
full and adequate use of machines, are contributory to the 
high per man production in our primary industry. 

a more frequent breaking up and re-sowing of old grass
land, the utilization of special purpose pastures and spe
cific grazing management to enable the components of 
these pastures to produce their maximum at different 
seasons of the year so as to avoid some at least of wasteful 
conservation practices, an increase of topdressing with 
phosphates and lime, a greater control of the grazing ani
mal and the consequent higher per acre labour supply that 
these improvements will entail, the quantity of dairy pro
duce, beef and fat lambs from lowland dairying and fatten
ing country could be doubled within ten years, whilst the 
production of store stock and wool ·with an increasing 
amount of fat lambs and fat beef on the deforested hill 
country could even be doubled or even trebled within the 
same period, provided of course that phosphatic fertilizers 
were available at a reasonable price per ton, that labour 
was available to clear scrub, fern, etc. and the areas ade
quately fenced to give a better control of stock. 

The feasibility of securing these above-mentioned in
creases requires careful consideration for the difficulties 
confronting New Zealand in such matters as increasing the 
supply of superphosphates, providing additional fencing 
wire for subdivision, further labour, are at present quite 
formidable. There are serious transport problems con
nected with securing phosphate rock from the Pacific Is
lands, and also with the distribution of the manufactured 
superphosphate within New Zealand. The fertilizer works 
are already operating at almost the limit of their capacity 
and increased output involves additional plant which must 
come from overseas. New Zealand has no surplus labour 
immediately available to develop further our farm pro
duction. Though in the past it has been possible, within a 
decade to double dairy production, the more advanced 
economic stage which the Dominion has attained today, 
together with the above mentioned handicaps, render such 
spectacular rates of increase much more difficult of achieve
ment, without special assistance in obtaining equip
ment and supplies from overseas. 

By the use of the best grassland species and strains 
under a rotational system of farming and with reasonable 
topdressing with artificial fertilizers some 12,000 to 16,000 
lb. of dry matter per acre per annum can be produced in 
the more favourable climatic conditions of the North Is
land and up to 9,000 to 10,000 lb. dry matter in the some
what longer and harder winters of the South Island. 

The North Island pastures are capable of producing 
7,500 lb. starch equivalent per acre per annum, up to 500 
lb. butterfat or an increase in live animal weight of up to 
750 lb. per acre per annum. The figures for the South Is
land are correspondingly lower. 

Very large areas of the North Island hill country, now 
yielding 2,000-3,000 lb. of dry matter per acre are capable 
of increasing this figure to 6,000 lb. In fact, a measured 
production of some 9,338 lb. has actually been recorded 
on a better type of slope and ridge where stock were in the 
habit of camping. By the introduction and subsequent 
topdressing of better grasses and clovers, the quantity and 
food value of the pasture can be considerably increased 
(5). This improvement in food value is due mainly to the 

PASTURE POTENTIAL higher crude protein content provided by the clovers. 
With an intensive farming system in New Zealand, in- Stabilization of any permanent grassland farming 

volving a greater use of bred strains of grasses and clovers, system at a high economic level of production, and one 

554 



SEEDING AND RESTORATION OF NATURAL GRAZING LANDS LEVY 
~--------------····--·· 

that will safe-guard for all time against deterioration, 
must accord to this improvement in carrying capacity. 

ESSENTIALS OF PRODUCTION 

High soil fertility and selection of plants that can fully 
utilize that fertility are of paramount importance in grass
land farming. To produce 14,000 lb. dry matter per acre 
per annum a pasture requires, in terms of fertilizers, ap
proximately 25 cwt. sulphate of ammonia, 17 cwt. 30 
per cent potash salts, 7 i cwt. superphosphate and 3 cwt. 
carbonate of lime. Assuming these fertilizers are present 
in the soil and that the herbage produced is eaten in situ 
by control-grazed, mature animals so that their residues 
of dung and urine are returned to the sward in the course 
of their grazing, practically the whole of the nitrogen, 
potash, phosphate and lime is returned to the soil to be 
used immediately to help grow the next crop of grass (6). 
The milk-producing animal and the young growing animal 
will of course make greater demands on the nitrogen and 
minerals in the feed it consumes and this fact must be 
taken into consideration in balancing up return and with
drawal of plant foods from the soil. The nitrogen loss can 
be made good by legumes and high producing clovers are 
the starting point and provide the perpetual impetus to 
the pasture production cycle. 

Measurements made by the Grasslands Division (5) 
show that a well grown sward of New Zealand pedigree 
white clover can extract from the air nitrogen to the 
equivalent of 1 ton sulphate of ammonia per acre per an
num. This nitrogen is the key to high production grass 
development and to the efficient utilization by the growing 
sward of applied minerals, phosphate, potash and lime. 
The mineral out-go must be provided from the world's 
store and these should be regarded as more precious than 
gold. Phosphates or phosphates and lime initiate the 
cyclic movement of clovers and clover symbiosis which 
results in the fixation of nitrogen, so that New Zealand's 
immediate requirement for the task of doubling produc
tion is an adequate supply of raw phosphates. 

Initially a great area of New Zealand was infertile and 
lacking in nitrogen, phosphate and lime. Our climate is 
such that, given sufficient phosphate and good strains of 
clovers, the cycle of soil fertility building can be imple
mented and the fact that we can grow bulky dovers on 
which animals can be grazed out-of-doors throughout the 
year ensures a turn round of fertility almost sufficient to 
keep the high production per acre going. 

N"evertheless no country can export animal or animal 
products without some loss of soil fertility. In this regard 
such a country is in a position only slightly less serious 
than that of a grain exporting country. The exporting of 
fats and oils, on the other hand, takes practically no fer
tility from the farm. 

MANAGEMENT FOR THE BEST PRESERVATION OF THE LAND 

Irrespective of the class of stock used in grazing, the 
off and on, rotational grazing system of management is 
the most suitable from the point of view of both pasture 
growth and stock thrift. 

Set, close and continuous grazing reduces production by 
50 per cent; it deleteriously affects botanical composition 

and permits entry of weeds and low producing, hardy, 
light-loving grasses. 

At present extensive sheep and cattle grazing on the 
hills is mainly on a set grazing plan because of ease of 
management; fat lamb production on the lowlands is nor
mally on a similar plan, with cattle to maintain feed at the 
fat-lamb stage during :flush periods of growth. Difficulties 
of shifting ewes with young lambs afoot and the apparent 
equal thrift of lambs raised by this method contribute to 
this practice. Dairy farming is mainly on the off and on 
graze principle and some sheep may be run with the dairy 
herd or may follow it to clean out specific weeds of the 
pasture. 

On the hills graze management is almost without ex
ception sheep and cattle. In certain districts gorse and 
blackberry are prevalent and goats may also be used. The 
cattle are really the hill country implements for consoli
dation and crushing out undesirable secondary shrub 
growths and to act as the mower in cleaning up roughage 
in the autumn and winter to provide young and succulent 
growths for the ewes and lambs in the spring and for the 
hoggets in the winter. Set stock is generally practised but 
a system of rotational grazing involving the use of large 
flocks, where it has been adopted is definitely holding the 
country better than under set-stocking, particularly 
where there is a tendency to overstock. 

SOIL CONSERVATION 

In the ultimate, the all-over safeguard to the hills is a 
stable grass and clover sward. Gully control by plantings 
and debris dams, and slope stabilization by strategic 
planting of trees, are but means to an end. Pasture sward 
improvement on the hills is the key to soil conservation. 
A dense sward, better constituted and more discriminately 
grazed, is essential. 

Better and more appropriate species of clovers and gras
ses, an upbuild of soil fertility by topdressing with phos
phates, and the imposition of a grazing management ap
propriate to the needs of the individual components of the 
turf itself are called for. This implies a greater control of 
the grazing animal and a better and fuller utilization of 
the fence. The manner of grazing is far more important to 
the development of the sward than the class of stock used 
in that grazing. A higher density of stock per acre tends 
more to terrace the hills and thus to check speed of water 
run-off. 

POTENTIALITIES OF THE DEFORESTED HILL COUNTRY 

Given an increase of soil fertility the hills will grow first 
class grasses and clovers such as perennial ryegrass 
( Lolium perenne), white clover (Trifolium rep ens), crested 
dogstail ( Cynosurus cristatus) and cocksfoot (Dactyl is 
glomerata). These will carry four to six ewes per acre plus 
cattle. Where that standard is not yet reached, brown top 
( Agrostis tenuis), Yorkshire fog (Holcus lanatus), Lotus 
major, subterranean clover (Trifolium subterraneum), to
gether with some perennial ryegrass-white clover are 
carrying well-up to three to four ewes per acre plus some 
cattle. The real problem with hill country is how to carry 
and adequately feed at least three to four ewes per acre 
plus some cattle. 

The unimproved hills covered with a sward of dominant 
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stunted browntop, danthonia, sweet vernal ( Anthoxan
thum odoratum) and annual clovers will carry 1 to 1 t sheep 
per acre plus some store cattle and store lambs, but there 
is no future for that country because of the fact that there 
is no possibility of developing a turf which can control 
scrub growths and no prospect of better grasses and clovers 
becoming established until the soil fertility is increased. 
Whence this fertility? It must come from the clovers and 
from minerals supplied out of the bag. 

CONCLUSION 

Xew Zealand is wonderfully endowed with its meso
phytic and temperate climate to produce food in the form 
of butter, cheese and meat, and clothing in the form of 
wool. 

The exportable surplus in 1946-1947 was 262,670 tons 
dairy produce, 347,000 tons frozen meat, 10,000 tons 
canned meat and 167,800 tons of wool (7). 

Next to Argentina, New Zealand is the highest meat 
exporting country in the world (8). 

In the case of a central world sponsored movement to 
produce more food, attention will naturally be given to 
those countries most fitted to provide economically speci-

Summary of Discussion 
The CHAIRMAN stressed the world-wide importance of 

the programme of the meeting on the seeding and resto
ration of natural grazing lands. 

Soil, climate and economic and social conditions varied 
from country to country, but the general principles were 
equally valid for all regions: the solution of the problem 
would everywhere depend upon the selection of plant ma
terials and upon range management. 

In under-developed countries, however, research should 
be accelerated, as it was still backward; furthermore, the 
education of the farmer should be started before the 
methods recognized as being the most efficacious possible 
were applied. 

In the absence of the author, Mr. KELLER presented 
Mr. Nilsson-Leissner's paper on "Testing New Plant 
Materials for Re-vegetation of Grazing Lands". 

fie articles of diet. New Zealand's patural resources lie 
largely in grass and in its temperate grassland climate and 
the main products it can produce to the world's larder and 
wardrobe are fats, meat and wool. Intensification of pro
duction under a sound grazing control such as outlined 
will lead to improvement of our grazing lands and will 
guard against their deterioration. 
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production of vital types beyond the normal variation 
range. 

Mr. DoAK presented a paper on the "Breeding of 
Pasture Plants in New Zealand", the author of which, 
}h. Corkill, had been unable to attend the meeting. 

Such breeding was carried out in New Zealand under 
Government supervision, and under a certification system. 

The species which had contributed most to the high 
productivity of grazing lands in that country was the 
white clover mixed with other plants such as rye-grass. 
The clover helped to fix a high proportion of nitrogen in 
the soil-up to approximately 400 lb. of nitrogen per acre 
per annum. That result was especially valuable in view of 
the high cost of nitrogenous fertilizers such as ammonium 
sulphate. 

The paper also stressed the importance of good manage
ment of grasslands in order to maintain their productivity 
for the greater part of the year. 

That study emphasized the influence of natural selec
tion upon the adaptation to a given environment of vari
ous types of plant materials which were able to evolve in 
accordance with their habitat as a result of their vari- Mr. KELLER presented his paper on "Testing New Plant 
ability. Thefirststage in the research should be the study Materials for Re-vegetation of Grazing Lands". 
of native flora already adapted by natural selection, but The first part of that paper dealt with the study of 
it should also embrace flora alien to the region. The ex- various native and imported species which had been car
periments should be carried out under conditions approxi- ried out on experimental soils in the United States. The 
mating as nearly as possible to those prevalent in the ecotypes collected had then been planted over larger sur
areas in which the selected strains would be used. faces under conditions similar to those of the areas in 

Besides the simple selection the author distinguished which they would be used. Crested wheatgrass ( Agropy
between three methods of breeding, which he proceeded ron cristatum) had given noteworthy results. 
to describe: the polyploidal, which consisted in increasing In the second section, the author had studied the gene
the number of chromosomes; inbreeding, which made tic development of ecotypes. The methods of selection 
possible the production of uniform strains, and the arti- employed had been self pollination-which had not given 
ficial inducing of mutations, which rendered possible the satisfactory results-direct hybridization-mainly for the 
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suppression of the characteristics to be eliminated-and, 
lastly, the controlled hybridization of each strain with an
other selected strain, to fix the characteristics to be re
tained. Controlled hybridization was effected by planting 
(•Ut and by emasculation with hot water. It should be 
noted that the Agropyron cristatmn did not require 
emasculation. 

The third section was devoted to the question of seed 
production. Work in that field was still in its infancy. 
Agropyron cristatum, for example, had not yet been studied 
from the point of view of its seed yield. 

The CHAIRMAN called for discussion of the three papers 
presented. 

Mr. RATI).IEAU said that in France the problem of 
sowing grasses and forage legumes and of the adaptation 
of new strains to the soils and pasture systems had arisen 
in connexion with the transformation of natural grazing 
lands into temporary pastures under rotation. 

On grazing lands which produced pasture throughout 
the year, lolium had been found highly efficacious, for its 
vegetation lasted for the entire year and, moreover, it re
produced well under cropping. In fields for reaping, 
Jolium and phleum, which ripened at the same time, had 
been used. 

Those experiments had shown that the New Zealand 
species could adapt themselves perfectly well to the 
northern hemisphere. 

Mr. KELLER observed that that had not proved true in 
the United States, where the best improved strains from 
Wales, New Zealand or Australia have generally appeared 
rather mediocre in experimental trials. 

Mr. HAMMOND asked whether a strain of forage legume 
which could fix the nitrogen in the soil in the same way as 
the New Zealand white clover existed in the tropical zone 
of the United States. 

Mr. KELLER said that ladino clover was used almost 
evervwhere in the United States, rather than New Zealand 
whit~ clover, which had been tried in Utah and had proved 
definitely inferior to ladino. 

Mr. AMBROISE drew attention to the tropical kudzu 
( pueraria tlmnbergiana), a forage legume which was help
ing considerably to improve tropical grazing lands. A 
number of experiments with that plant had been carried 
out in Puerto Rico, and it has been found that it made 
considerable additions of nitrogen to the soil and also was 
of great assistance in binding soil exposed to erosion by 
thickening the vegetative cover. It was much more 
efficient in holding water than grass plants. 

Its nutritive value was also very interesting. It had 
been found that foods with a kudzu base had increased the 
milk production of milking cows and had accelerated the 
growth of young calves. 

The kudzu adapted itself easily even to soils of low 
fertility. ~evertheless, the ground should be tilled care
fully before sowing, since the early growth of the plant 
was impeded by the presence of weeds. The grain should 
be treated for two hours in a 50 per cent solution of 
sulphuric acid, after which inoculation was performed. 
Germination was then active and uniform. 

::Vir. DULEY asked by what method it had been calcu
lated that 400 pounds of nitrogen per acre was fixed in the 
soil by the addition of white clover. 

Mr. DoAK replied that the method was described by 
Mr. Sear's paper which was to be examined at the meeting 
on 2 September. 

Mr. RHOAD said that in Costa Rica various legumes had 
~een studied, but that no information could be given on 
the proportion of nitrogen in fixation in the soil due to 
their presence in a pasture. He remarked that the plants 
used in Louisiana were superior to the tropical kudzu. 

:Vir. GABBARD explained that he knew of no attempt 
made to determine the proportion of nitrogen fixed in the 
soil by native legumes in Texas. 

Mr. S. T. jENSEN pointed out that the information 
given in Mr. Levy's paper on the relationship between 
production and man-power might give the impression 
that the methods used in Argentina, Denmark, the United 
States and Great Britain were inferior to those used in 
New Zealand. That conclusion would be incorrect. The 
aim in Denmark was to obtain the maximum production 
of food per acre, irrespective of the number of persons 
employed. It seemed, moreover, that the higher this 
number the better the long-term results would be. 

Mr. WELCH asked whether the difficulty of bloating had 
been experienced in clover grazing. 

Mr. KELLER replied that studies had been made on the 
subject in Utah. They had shown that the difficulty lay 
in establishing the proportion of clover to be included in 
pasture mixtures since certain animals consumed an ex
cessive amount. The optimum proportion appeared to be 
60 per cent. 

Mr. HA:\fMOND said that some of the studies undertaken 
in Great Britain would reduce the amount of labour re
quired for hay and silage making for the winter period 
through the selection of plants which would prolong the 
annual grazing period. 

Mr. DoAK stated that in his country certain difficulties 
had been experienced in maintaining the best balance of 
pasture species to avoid bloat. Clover could be controlled 
by appropriate spelling but if this was carried too far the 
clover might be practically eliminated. 

He asked whether the superiority of ladino clover over 
white clover had been scientifically established. 

:Yir. MORRISOX replied that, in general, ladino clover 
had proven to be more productive than ordinary white 
clover. The combination of ladino clover and grass (timo
thy, orchard grass, or brome grass) was now one of the 
most popular pastures in the northern states. Also, ladino 
clover and rye-grass were excellent for winter pasture in the 
southern states. In the northern states the combination 
of lucerne and brom1~s inermis is one of the best and most 
productive combinations. 

The CHAIRMAN requested the section to examine 
methods for the restoration of grazing lands. 

Mr. RENNER presented his paper on "Recent Advances 
in Methods for Restoring Deteriorated Grazing Land". 
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The United States was an excellent experimental area 
in that connexion, for it contained more than 700 million 
acres of land much of which was situated in a zone where 
the rainfall did not exceed 20 in. a year and which had 
been in grazing use for about seventy-five years. Those 
pastures had gradually deteriorated to such an extent 
that certain grasses had completely disappeared in some 
areas, while others had been invaded by various kinds of 
brush. - • 

The problem was to determine first the different types 
of pasture land affected, by defining the characteristics of 
their soil and vegetation. Once that data had been estab
lished it was possible to devise methods of restoration, to 
estimate their cost and to judge whether they were econo
mically feasible. 

Two of the most useful operations necessary to improve 
grazing land were seeding, and the destruction of brush. 

The best types of plants to sow had been determined by 
selection: the results obtained were overwhelmingly in 
favour of native types, each of which had its preferred 
soil. Seeding methods were also very important, for 
broadcasting was generally ineffective in arid and semi
arid zones since it was necessary for the seed to be covered. 
Moreover, it was frequently essential to prepare soils so as 
to retain their moisture. 

Mechanical means such as tree dozers, root cutters, 
brush cutters, circular power saws, brush beaters, ploughs 
of the heavy disc variety, and heavy-duty mowers, were 
used in brush removal operations. Although those me
chanical methods were relatively costly, they were never
theless used because they were very effective. 

Chemical methods included spraying with kerosene, 
which gave good results for certain types of brush, and the 
application of the product 2,4-D, which was effective only 
if it was used in the spring at the time of active growth. 

Recourse might also be had to destruction by fire, pro
vided the necessary precautions were taken. In some cases 
flame-throwers were used. 

Finally, biological methods were being studied. It was 
known that in Australia the prickly pear had been effec
tively combated by the propagation of a destructive in
sect, the cactoblastis cactorum. 

All those measures, however, could give only temporary 
results. It was therefore essential to manage the ranges 
properly, particularly by varying the number of animals 
not only according to the normal grazing capacity of the 
range but also taking into account its annual fluctuations 
as a result of certain factors such as rainfall. 

At the Chairman's request, Mr. DoAK very briefly ana
lysed Mr. Levy's paper on "Management of a Permanent 
Pastoral Industry to Guard Against Grazing Land De
terioration", and Mr. Campbell's on "The Role of Grass
land in Soil Conservation-Aerial Topdressing and 
Seeding Trials". 

In the first document, Mr. Levy explained that over
grazing and the clearing of hills by fire had caused con

acre), and the very high cost of transportation of fertilizers 
in hilly country, the system of aerial sowing of fertilizers 
had been contemplated. 

The second paper reported the experiments which had 
been tried in that sphere. Full information was not yet 
available on the subject, but some way must be found to 
re-sow the hills and make them productive. Once covered 
with grass, their productivity might be maintained by 
means of proper stock management and the rational use 
of fertilizers. 

The CHAIRMAN opened the general discussion and asked 
Mr. Renner to be good enough to answer any questions. 

Mr. ZoUAIN had been very much interested in the role 
of sulphuric acid in the treatment of tropical kudzu, of 
which Mr. Ambroise had spoken. He asked whether a 
chalky soil hindered the production of kudzu and what 
was the length of life of that plant. He also asked whether 
animals grazed the kudzu directly in the field or whether 
they were fed in the byre with cut kudzu. 

Mr. AMBROISE replied that the experiments in Haiti 
were only beginning. From what he had seen in Puerto 
Rico, the animals grazed directly in the period preceding 
the rains, but they were watched to avoid overgrazing. 

Sulphuric acid treatment had proved very effective 
against weeds, by encouraging more rapid germination 
and uniform protective cover. 

Mr. CLAY stated that in British Malaya as well as in 
Africa, where the farming populations were very back
ward, the modern seeding system advocated by :Mr. Ren
ner could not be used. He referred to trials in Malaya of 
using small areas of specially planted grasses as mother 
areas for grazing after seeding, and subsequent night 
kraaling of the cattle on the surrounding natural pasture, 
with the object of getting seeding and establishment 
through the cattle droppings. 

Mr. GoNDELLES A. observed that experiments with the 
cultivation of kudzu treated with sulphuric acid had given 
remarkable results in Venezuela, as the sulphuric acid 
considerably accelerated the germination of kudzu in 
alkaline land. 

Mr. HAMMOND asked Mr. Renner if, among the methods 
for the restoration of grazing land used in the United 
States, the system of enclosure and rotation, one year the 
grass being allowed to seed alternating with four years of 
grazing, had been envisaged. 

Mr. RENNER replied in the affirmative. The majority of 
grazing land in the Gnited States was enclosed. The 
rotation system was also practised there. 

:Mr. CARABANO was much interested in the problem of 
aerial seeding. In his country an inconclusive attempt had 
been made to use helicopters for that purpose. He asked 
what was the experience of the various countries in that 
field. 

siderable deterioration of the soil in New Zealand. To Mr. REK::><ER said that in the United States aeroplanes 
remedy that, a thick protective covering must be obtained and helicopters had also been used. Extensive trials had 
which could at the same time serve as pasture. The soil of been carried out in the west of the country, where the rain
those hills unfortunately contained very little nitrogen. fall was low. Because the method was still in the experi
In view of the quantity of phosphate required (200 lb. per mental stage, he had not mentioned it in his paper, in 
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spite of the great interest it had aroused in the public. 

Mr. G. M. KERR explained that the Bureau of Land 
Management had carried out trials in aerial seeding with 
two types of seed pellets, earthen and accretion type 
pellets. 

The first type had been used in 194 7 and 1948 for the 
seeding of 70,000 acres of land, the second type for 9,000 
acres of land. Those experiments had not so far given 
satisfactory results and did not justify continued large 
scale seeding by that method. 

Moreover, according to experiments made by other in
stitutions, among them the University of Idaho, the 
process followed in making the clay pellets apparently 
caused considerable damage to the seeds where this type 
pellets were used. 

Mr. ELLIOTT asked Mr. Kerr whether any attempt had 
been made to pellet seeds with fertilizers. In view of the 
necessity for raising the productivity of much deteriorated 
hill country in New Zealand, an attempt was being made 
to pellet legume seeds in this way. However, so far a pellet 
had not been found which did not injure germination. 
Work was, however, still being continued. 

:Vir. G. M. KERR replied that a small quantity of fer
tilizer had been used in pellets of the earthen type, but 
that the pellets disintegrated very rapidly, leaving the 
seeds exposed on the ground so that the fertilizer had no 
effect. Hormones had been added to the accretion type 
pellets; possibly the accretion type would not disintegrate 
so rapidly. 

Mr. WELCH stated that the aerial seeding of small gras
ses and clovers had given satisfactory results in the south 
of the United States. 

Mr. DAYTON said that thousands of acres of land had 
been sown by the pellet seeding method and that many 
kinds of grasses had been used. On the whole the results 
had not been satisfactory. Moreover, it had been noted 
that aerial seeding damaged the seed. It was perhaps too 
soon, however, to make a final pronouncement on the 
future of the method. 

Experiments had been made the previous year in Utah 
with every possible precaution. It was certainly too soon 
to determine the degree of survival of the seeds, but aerial 
seeding experiments so far carried out in the United States 
National Forest ranges had not been encouraging. 

Mr. ZOUAIN stated that in Lebanon attempts at re
forestation by means of aerial seeding had been absolutely 
ineffective. 

Mr. PARHA11 remarked that the choice of legumes suit
able to tropical conditions was of the highest importance, 
not only from the point of view of the raising of milk 
cattle, but also from that of the struggle against soil 
erosion. 

He emphasized that in the Pacific Islands a large part 
of the soil had been damaged as a result of excessive 
t,rrazing, deliberately caused fires, etc.; the public authori
ties had therefore realized that it was necessary to re
vegetate that land. Experiments had been carried out in 
the tropical zones of the Australian continent, as well as in 

the Fiji Islands, to perfect a species of legume, native or 
imported, capable of giving good results in combination 
with other forage plants. Certain experts had spoken of 
tropical kudzu, but that legume gave satisfactory results 
only if it was planted alone; moreover, it produced very 
few seeds and therefore had to be multiplied by planting. 
Trials made with other legumes had been more encour
aging. Peanut grass had given good results in the re
vegetation of exhausted grazing lands in the Fiji Islands. 

So far as the fight against noxious plants was concerned, 
Mr. Parham pointed out that in the Pacific region the 
prickly pear was the most dangerous. Pentoxide and 
2,4-D (dichlorophenoxyacetic acid) had given good results. 

Referring to Mr. Clay's remarks on the natural dis
semination of useful species by the movement of cattle, 
he indicated examples of such a phenomenon in the 
tropical regions of the Pacific, particularly in the case of 
blue-grass. 

Referring next to the burning of weeds and noxious 
plants, he asked whether artemisia grew again after being 
burnt; in the Fiji Islands it had been noted that the an
nual burnings resulted in a diminution of productivity as 
a result of the burning of layers of humus. 

Mr. RENNER replied that artemisia grew again if it was 
only superficially burned. 

Referring next to the use of chemicals against noxious 
plants, he remarked that 2,4-D did not give good results 
with prosopis, since it did not prevent the development of 
new shoots. 

Mr. ORozco M. indicated that in his country burning 
was eschewed for fear it might bring about too great a 
destruction of the organic and mineral matter in the soil. 
Experiments he himself had carried out had shown that 
95 per cent of the organic matter deposited in the soil was 
destroyed by fire. :rir. Renner, however, in his paper on 
recent advances in methods for restoring the deteriorated 
grazing land, had indicated that carefully planned burn
ing, when properly carried out, was an effective means of 
increasing forage production. He would like more infor
mation on that point. 

Mr. RENNER thought burning was dangerous in the case 
of steeply inclined areas, because the denuded soil was 
liable to erosion. For that reason, in the United States, 
the method was essentially reserved for flat areas. More
over, the method was used preferably on land where the 
organic matter was not abundant, for example on arte
misia land. The loss of organic matter caused by burning 
was largely compensated by the greater ease with which 
the subsequent seeding could be carried out. 

Mr. RANGHEL wished to inform the experts of some ex
perimental facts concerning Colombia, in particular the 
coffee region. On the whole, imported grasses had given 
very good results all over the country, both in high and 
low altitudes. Certain native species of blue-grass, clover, 
gramas, etc. were also very satisfactory, but the most use
ful species had been imported; among them rye-grass, 
orchard grass and lucerne should be mentioned. 

The reconstruction or the creation of grazing land in 
Colombia obviously came under the heading of soil con
servation work. The specialists recommended in parti-
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cular that grazing land should be established on clas:':es 4, 
5 and 6. On lands belonging to categories 5 and 6, they 
advised long-term rotation (five or six years) combining 
grazing land and cereals. Cutting grasses played a very 
large part in soil conservation, when they were used as 
screens on high ground to hold the earth and to lessen the 
speed of flood-water; for that purpose imperial grass, 
elephant grass and Guatemala grass were preferred. 
Grasses were also used to form a carpet in coffee or cacao 
plantations; one of the most useful species for that pur
pose was the creeping indigo plant (Indigophera endica
phylla). 

The Government of his country, with the assistance of 
the Coffee Planters' Association, was making a great effort 
to help cultivators in the choice of suitable species of 
grasses. It was also striving to put an end to over-grazing, 
arising from the fact that cultivators tended to graze an 
excessive number of animals in a given area. 

Mr. ELLIOTT, referring to the burning of weeds, re
marked that in New Zealand that method was used not 
only in the plains but also on slopes. The value of the 
method depended on the treatment which was afterwards 
given to the land; if it was followed by manuring and 
seeding of the land, it gave excellent results. Moreover, in 
certain cases, it was the only method which made it 
possible to destroy noxious plants and to use the land. 

Mr. KELLOGG emphasized the fact that, while certain 
tropical soils, particularly alluvial ground, were rich in 
nutritive elements, others on the contrary were lacking in 
calcium, potassium and phosphate, particularly where 
excessive grazing had aggravated soil erosion. In the 
latter case, an attempt should not be made to turn vast 
areas into grazing lands, for it would be impossible to 
treat them suitably and the result would be bad; it was 
better to choose a small area, give it intensive treatment 
(manuring, etc.) which would transform it into rich grazing 
land, and plant the rest of the region with forests. In that 
way the whole region would be effectively protected 
against the dangers of soil erosion and the pastures 
established on a well-prepared soil would provide the ani
mals with adequate feeding. To emphasize the advan
tages of that method, he pointed out that elephant grass 
would ensure satisfactory forage for cattle during the 
whole year, provided the soil was rich and fertile. 

Mr. Kellogg admitted that fire was sometimes the only 
way of effectively ridding the soil of noxious plants and 
shrubs, but he pointed out that that method might have 
very serious consequences in tropical or humid regions, if 
it was not followed by a treatment designed to enrich the 
fertility of the soil; indeed, if the soil was not sufficiently 
rich, grass would not grow and the earth, deprived of its 
covering of shrubs, would fall prey to erosion. 

Mr. GUILLAUME wished to make some remarks on the 
problems of intensive stock-raising in Africa. He recalled 

that the victorious fight against epizootics and the pacifi
cation which had followed the European occupation had 
brought about a considerable development of stock
raising in Africa; the ground open to it being limited, it 
had resulted in an over-stocking which should be reme
died. To attain that end, several ways were open. 

The development of more intensive stock-raising might 
be encouraged and, for that, it was desirable to open new 
markets for the stock products and to rid the herds of old 
animals which were no longer productive. The latter 
course, however, encountered the resistance of the native 
population, which considered its herds as an accumulation 
and a of wealth and was unwilling to agree to a de
crease in the number of heads of cattle. 

Another solution was to extend the grazing lands by 
increasing the number of water-holes through hydraulic 
work, and by opening new cattle trails in previously in
accessible regions. The grazing of cultivated land might 
also be regularized. Those different measures would permit 
a restoration of the grazing land, for the latter, provided 
it was not entirely exhausted, had a remarkable faculty of 
self-vegetation. 

He did not think that the artificial introduction of new 
species to African grazing lands could give good results; it 
was a costly method which was scarcely appropriate to 
the inferior quality of African cattle. 

On the other hand, he expected much from the combi
nation of cultivation and stock-raising, as well as from the 
establishment of fallow grasslands, such as had been or
ganized in Belgium. Cattle feeding in Africa might be im
proved by the cultivation of forage, particularly in the 
neighbourhood of water-holes, for that purpose, elephant 
grass, which could be cut all the year round, was very 
useful. 

Replying to )h. Clay, Mr. KELLER said that in the 
United States of America the specialists had found very 
few plants whose seeds were characterized by a long 
period of dormancy. An exception was Indian rice grass; 
the specialists had attempted to weaken or eliminate that 
characteristic of the species; they had not tried to use the 
characteristic to incorporate Indian rice grass in a ro
tation whose duration would correspond to the period of 
dormancy of the seed, for the species grew only in poor 
soils, unfit for cultivation. 

Mr. HAMMOND stated that in the Union of South Africa 
burning was used to rid grazing grounds of fibrous herb
age, but the operation was only carried out after the first 
rains, so that the roots of the plants were not touched. 

Mr. RENNER pointed out that in Kansas, fire was used 
to destroy the old growth of the large blue stem grasses 
(A ndropogon) so as to allow the new grass to develop 
under favourable conditions. 

The CHAIRMAN emphasized the interest of the exchange 
of views which had just taken place. 
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Reclamation of New Lands for Agriculture; 
Potentialities and Problems 

E. DE VRIES and J. A. VAN BEUKERING 

ABSTRACT 

The humid tropics offer great potential areas of new agricultural land. The climatic conditions in the truly humid 
regions are, however, not very favourable for permanent cropping. Soil erosion and leaching of the soil are especially 
dangerous in this region. The article deals with the three methods invented up till now to overcome these difficulties. 

(I) Trees as a crop (rubber, cocos, coffee and many others). Shade trees add to the covering of the soil against 
atmospheric influences. The trees are long living and a practically permanent agriculture is possible under optimal 
conditions. 

(2) Irrigation. Together with terracing, irrigation allows a permanent agriculture, but is in an expensive measure 
and is built nearly everywhere on the labour of millions during centuries. (South China, Japan and Java.) 

(3) Permanent mixed farming. Whereas the tropical nations have used methods (I) and (2) from time immemorial, 
mixed farming on a permanent basis is an application of modern science. 

The paper points out that the development of 5 million-odd square miles depends on these methods and new 
ones to be invented, and will necessitate a huge capital investment. 

The importance of rural hygiene is stressed. 

The paper further gives information on the application, with apparent success, of the three principles enumerated 
above in Indonesia and Surinam. 

A glance at the world map shows that a large part of 
the potential new agricultural lands are situated in the 
tropical wet belt, viz., the Amazon and Congo basins and 
tropical South-East Asia. Huge forests of the evergreen 
mixed type cover these areas. In general, the average 
temperature exceeds 25 degrees C, in all months of the 
year, the rainfall is above 80 in. (up to 160 in.) and is 
rather evenly distributed over the seasons. 

Under these conditions a luxurious growth is possible 
and there is a popular belief that these regions have some 
of the most fertile agricultural land, and that eventually a 
large amount of the necessary food production could come 
from the humid tropical countries. 

However, throughout history these regions have had a 
sparse population, and the problems related to the recla
mation of these vast parts of the globe deserve attention. 

Dr. G. Vink drew attention to the fact that in Indone
sia, where on Java, Madura and Bali some of the highest 
densities of population are found, the humid tropical 
regions are sparsely populated. 

The only exceptions are found on the slope of recent 
volcanoes, where the soil is extremely rich. New Guinea; 
the Moluccas, except the dry southern island groups and 
the volcanoes Ternate, Tidore, Makian; Central Celebes 
except Minahassa with recent volcanoes; Central Borneo; 
the central part of the plains along the east coast of 
Sumatra-all these regions have only a scattered popu
lation. Probably, the same applies to other tropical rain
forests, as, for instance, is the case in Surinam. 

The reason for the difficulties with the reclamation of 
these lands is not only, and probably not even primarily, 
technical in the sense that it would be difficult to fell the 

burn the remains of the forests after they are cut down. 
Far more important is the effect of the high rainfall in 

the high temperature on the decomposition of soil
minerals and the leaching and erosion which accompany 
the precipitation. Old soils in the humid tropics are either 
podsolized till they contain only fine quartz, or laterized 
with a high aluminium-content and iron-content but very 
few soluble minerals (K, P, Ca). 

The rich forests, it has been proved, live on the minerals 
contained in the humus and in the shallow topsoil; the 
equilibrium is maintained only because rain-water very 
slowly reaches the rivers and soil erosion is negligible. 

As soon as the forest disappears and is replaced by agri
culture, the humus is consumed under the very favourable 
conditions for decomposition and the topsoil is subject to 
erosion. It is therefore a common agricultural practice to 
shift the cropland annually or biennially and to give the 
soil a rest-period of ten to twenty years, allowing a secon
dary forest to grow up. 

This agricultural system enables the maintenance of a 
virtual equilibrium so long as the density of the population 
does not exceed the possibilities of a long period of rest. 

\Vhat would be the technical possibilities for permanent 
cultivation, which in itself would allow a tenfold to twenty
fold increase of production? 

Traditional agriculture has found two solutions, and 
modern science and techniques up till now, while they have 
advised a wider application of these two principles, have 
offered only one additional method which might prove to 
be of the greatest value for future generations. The three 
methods will be dealt with in the next paragraphs. 

huge trees. The population is extremely skilled in cutting TREES AS A CROP 

down the forests if it wants to clear a field for agriculture, The first principle is the enrichment of the forest, or the 
and in nearly all parts there is enough of a dry season to growth of economic tree-crops in the humid tropics. Where 
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the native population can use the products of a tree for 
food (plantains in different regions and sago palms in the 
:Moluccas), the preservation of soil fertility is best guaran
teed. 

It is a common practice in Indonesia to cut the forest, 
plant hill-rice for one or two years and inter-plant the rice
field with tree-crops, such as cocos-palms, rubber, coffee 
and even pepper. The same system is used with more 
capital-intensive plantations of rubber, coffee, tea, cin
chona, cocoa etc. 

Exposure to the sun and the rain is in that way avoided 
and an equilibrium is more easily maintained. For a score 
of years the system of clean-weeding in plantations has 
been abolished and the value of leguminous and other low 
plants to cover the soil has been generally acknowledged. 

It would be of the utmost importance if the nations 
would bring together and exchange tropical "shade trees", 
leguminous plants and other soil-conserving plants. These 
plants ought to be tried on different soils and under differ
ent rainfall conditions so as to determine the best type of 
inter-planting and under-planting. It would be of great 
value to the peasant societies of the regions, if parts of 
these plants were edible or could be used as fodder. 

IRRIGATION 

The second method, used to perfection on Luzon, Java, 
Bali, and some parts of Sumatra, consists of terracing 
and irrigation. Apart from rice under certain conditions, 
this irrigation is quite different from irrigation under arid 
conditions, where water is the limiting factor in plant 
growth. In the humid tropics, irrigation is a means of soil 
conservation without the danger of water-logging in the 
soil. 

Irrigation, especially in a volcanic area, acts at the same 
time as a kind of fertilizer and sometimes a very efficient 
one. 

The difficulty is that the outlay in capital and labour is 
heavy. Up till now, therefore, modern estate-cultivation 
has not yet introduced irrigation on a large scale, with the 
exception of the Java sugar and tobacco industries which 
are based on irrigation and bring the highest output per 
hectare of all agriculture in the world. 

PERMANENT MIXED FARMING 

Where irrigation is not possible or too expensive and the 
growth of annual crops is necessary, it would be of the ut
most importance to develop systems of crop rotation be
tween cereals, peanuts and other annual crops with grass 
or leguminous plants in order to maintain the humus con
tent and the mineral equilibrium of the soil, and to avoid 
heavy losses through erosion. Erosion is the greater evil 
because the texture of the soil deteriorates through lack 
of humus. 

Here again, international exchange of views and ma
terials with to adaptable crops and livestock and 
the best ways to restore fertility in a worn-out soil would 
be of great importance. 

Whereas it is still difficult to say if this third method is 
as efficient as the traditional methods of tree cultivation 
and irrigation, it has a definite advantage in that mechan
ization is more easily applied to mixed farming. 

5fH 

Permanent mono-cultures of any kind are impossible in 
the humid tropics without irrigation or tree-crops; they 
would in a short time be disastrous to the soil. 

GENERAL REMARKS 

It is still too early to predict whether the tropical rain
forests can be transformed into fertile plains with food
crops. This possibility depends upon the development of 
new agricultural methods. If it should be possible, how
ever, the five million-odd square miles of tropical rain
forests could probably provide food for 1,000 to 2,000 
million human beings and constitute one of the few vast 
opportunities for new cropland. All methods for per
manent agriculture, however, need very large capital in
vestments for reclamation and equipment. These invest
ments are many times higher than for the ploughing of 
prairies-they may be assessed at $100 to $500 per acre. 
Therefore, it would not be possible to grow cereals in these 
regions at a low cost. Furthermore, up till now only rice 
and to a lesser extent maize are adapted to the climate. 
The possibilities with various carbohydrates (fats, oils, 
sugar, starch) are better, the more so when the crops are 
biennial or perennial. 

However, such carbohydrate crops create very difficult 
nutritional problems for the inhabitants who will lack 
animal proteins and vitamins. vvnile mechanical culti
vation of the soil (by bulldozers, tractors etc.) can help 
greatly to conquer the tropical jungle, experience in Indo
nesia and Surinam has already shown that the topsoil is 
shallow in most humid tropics and that mechanization 
risks destruction or dislocation of the topsoil. :More ex
pe1ne11ce and caution are wanted in this respect. 

Another problem in the humid tropics is that of rural 
hygiene, especially with relation to malaria, hookworm 
and intestinal diseases. Reclamation of tropical forests 
often brings explosions of malaria and other diseases 
which would have been avoidable and which, unfortu
nately, have caused much loss in human life, health and 
happiness. 

CONCLUSION 

Summarizing, it might be concluded that the wet 
tropical forests form one of the main soil-reserves of the 
world, but that their reclamation requires more capital 
investment, more agricultural knowledge and more ex
perience with mechanization as well as vigorous efforts to 
find more suitable crops and means of coping with endemic 
diseases. 

APPLICATION OF THESE PRINCIPLES IN 

INDONESIA AND SURINAJ\1 

The foregoing principles have long constituted the 
directives for the agricultural development of the Nether
lands Overseas Territories. Land reclamation is for both 
Indonesia and Surinam a question of great importance. 
In the past much attention has been paid to this matter 
and in the future even more will have to be paid to it. 
In Indonesia land reclamation is necessary because the 
island of Java is heavily-over populated. At an average 
density of 900 people to the square mile, and in some 
places exceeding 3,000 to the square mile, and in a country 
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where about 80 per cent of the area has already been occu
pied for agricultural and sylvicultural purposes, sufficient 
food production can be attained only by such means as 
intensifying the existing agricultural methods. 

Extension of the arable land as well is therefore neces
sary and since the island of Java presents no, or not suffi
cient, possibility in this respect, the necessary additional 
land has to be acquired on the islands which surround 
Java. In these regions there is opportunity for land recla
mation on a large scale from the vast tropical forests. 

These regions, however, do not have the same soil fer
tility as Java, which with its young volcanic and quickly
weathering soils has reached its acme as far as fertility is 
concerned. The regions suggested for immigration belong, 
on the contrary, to those described at the beginning of 
this paper. The fertility of their soils can be maintained 
only by the special means described above. 

In pre-war Indonesia, big reclamation schemes were set 
up for the Javanese people. Irrigation to preserve soil 
fertility has been the main method used in these projects. 
The first project, viz., Gedong Tataan (South Sumatra), 
was started about 1905, and was later followed by other 
projects, which were greatly expanded in the thirties. 
Mention may be made of the Way Sekampong project 
(175,000 acres), Belitang project (85,000 acres), Lubuk 
Linggau project (30,000 acres), Bangko project (50,000 
acres), Ophir project (35,000 acres)-alllocated on Suma
tra; Mapili project (12,500 acres), Boengie project (15,000 
acres) and MalilijMasamba project (250,000 acres)-all 
located on Celebes; Pengaron project (25,000 acres) and 
Bandjermasin project (180,000 acres), both on Borneo. 

With respect to land reclamation there are two phases, 
viz., (1) the reclaiming of the land and the establishment 
of the farms; (2) the migration of the farmers. 

The migration of Javanese to the regions to be reclaimed 
was of course entirely voluntary; the farmers had to be 
convinced of the advantages of building a new farm on 
new land and it is on the strength of that conviction that 
they were willing to co-operate in setting up a reclamation 
scheme. And even then not everybody was encouraged to 
migrate. The Government usually required that only able 
farmers could receive government help with travelling 
expenses and working capital and, moreover, it was made 
a rule that the migrants had to be healthy, married and 
not too old, since the aim of migration, i.e., relief of the 
pressure of a high density of population, can only be 
reached if the migrating couples are at the beginning of the 
conjugal stage. In that case there is no need for migration 
of great numbers of people. In the case of Java, where in 
pre-war times the annual increase of population amounted 
to some 600,000 to 700,000 people, it was claimed that 
this increase could be brought to a standstill if some 
200,000 to 250,000 young people. male and female, should 
move annually. Hence, preference for migration was given 
to young married couples. The first migration project 
started in pre-war Indonesia aimed to achieve in 194 7 an 
annual quota of 100,000 people, which would have un
doubtedly been surpassed if war had not abruptly ended 
this important development scheme. 

The method of land reclamation in Indonesia was based 
on the principle of forming small settlements in selected 

areas. The clearing of the forests was not completed im
mediately but rather in stages. The first phase of settle
ment mostly consisted in building up a group of 500 
families; in the second year of reclamation a settlement of 
about 1,000 families was grouped around the first one; in 
the third year a group of 1,500 families followed, to take 
its share in the reclamation job. These families together 
formed the nucleus around which the development of the 
whole scheme of reclamation and settlement could take 
place. · 

In cutting down the forest and clearing the land the 
principle of self activity has always been put into practice. 
Experience acquired in former years has shown that the 
right pioneer spirit, necessary for this kind of work, cannot 
be acquired if the job is done by other people. Hence, the 
migrants are given the job of clearing the land and putting 
it into cultivation and building their homes as well. The 
Government always took care of the building of barracks, 
suitable to live in temporarily. Furthermore, it was the 
task of the Government to lay open the region by con
structing roads and tracks and establishing the irrigation 
works. Each farmer got 2.5 acres of arable land of his own 
and was exempted from paying taxes for a period of three 
years. Naturally the migrants were also furnished with 
provisions, planting materials, and seed for sowing. Much 
attention was paid to the health and hygiene and also to 
the social and cultural life of the migrants; for instance, 
good hospital facilities have always been provided. 

In the fields the routine was usually as follows; after the 
forests were cut down and the fell burned away, upland 
rice, maize, soybeans, ground-nuts and cassava were 
grown alternatively during a period of about four years. 
After this period the land was converted into wet rice
fields. By that time, the trunks and roots of the forest 
trees were rotted away, so that the land became suitable 
for irrigation. The project which was most advanced in 
this respect, the Way Sekampong scheme, which opened 
in 1934, was already inhabited by 100,000 people in 1940 
and produced in that time a large amount of rice, maize 
and other food crops. 

In Surinam, land reclamation dates from times long 
gone by. At the outset, i.e., in the eighteenth century, 
land was dyked in, drained and planted with perennial 
crops such as coffee and cocoa. Here, the afore-mentioned 
principle of conservation of soil fertility was put in 
practice, though perhaps unconsciously at that time. The 
coffee and cocoa, but even more the shade-trees planted in 
between, for which the Erythrina glauca was used, took 
care of the humus supply by their year-round dropping of 
leaves and thus soil fertility could be maintained. As a 
consequence of the abolition of slavery in 1863, migration 
of labour took place soon after and many of the estates 
which were started in the eighteenth century were 
abandoned. The plantations still in cultivation, however, 
may boast of good soil fertility. 

Later on in Surinam, many areas were also dyked in for 
growing rice, largely without and to some extent with 
irrigation. The system of cultivation which developed 
could, because of its extent, guarantee sufficient conser
vation of soil fertility. Rice was grown only once a year, 
the land being in fallow the other part of the year. During 
these periods of fallow, weed growth is abundant and, 
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when ploughed under, enough humus is formed to secure 
the next rice crop. 

This system, however, can only be intensified if the 
method of mixed farming is introduced. The principal 
feature of this method is that the cattle pasture is in
cluded in the crop rotation. By breaking up this pasture 
periodically and converting it into arable land, formation 
of humus is attained, thus permitting intensive methods 
of farming, particularly if supported by manure. Appli
cation of fertilizers is then only of secondary importance. 

Along this line, possibilities for the development of 
Surinam agriculture have been planned and reclamation 
projects on a large scale have been drawn up. These plans 
provide for dyking in, draining and irrigating large areas 
of swamps, which will be converted into pastures for ap
proximately one-third of the total area and the remainder 

Land Reclamation 

D. R. SETHI 

In countries like India where the population is ever 
expanding and its food requirements are ever increasing 
there are only three major means of increasing food pro
duction. These are: 

1. Intensification of cultivation by means of which 
yield per acre from existing cultivated lands is stepped up; 

2. Bringing culturable waste land into cultivation; 
3. Harnessing water resources of the country to ensure 

that all cultivated land which depends on the vagaries of 
seasonal rainfall is assured of timely water-supplies so as 
to produce optimum yields. 

The purpose of this paper is to deal with the second of 
these means of food production. 

CULTURABLE WASTE LAND 

Extent 
According to published statistics there are some 87 mil

lion acres of culturable waste land in the Indian Union. 
In addition there are large areas of land, the known extent 
of which is not less than 10 million acres, which were culti
vated at one time but which have gone out of cultivation 
because of infestation with deep-rooted weeds. There is 
the third type of culturable waste land which is commonly 
called "Usar" land or areas saturated with alkaline salts. 

The new culturable waste lands, the extent of which 
has been indicated above, are not all truly culturable. Of 
the 87 million acres, it is known that 20 to 25 million acres 
could be economically brought into cultivation. The rest 
of this vast area of 60 to 65 million acres consist of lands 
which really are not culturable. Denuded forests, hill 
slopes, gullied lands, eroded lands, sides of rivers, streams 
and nalas, form the majority of this area. The 20 or 25 
million acres of really culturable waste lands are the future 
treasure house of our people which will have to meet our 
ever expanding food requirements. 

Weed-infested land 
The old fallows which have become such due to in-

into arable land. The latter will be planted with rice in 
rotation with other crops. 

Dyking in the swamps, lotting up the area, reclaiming 
the land and exploiting the farms will be done mechani
cally. A family-size farm may be estimated under these 
circumstances at 200 acres. The costs involved will 
amount to an estimated $500 per acre. This includes costs 
for establishing, draining and irrigating the whole area, 
costs of clearing the land and starting cultivation, putting 
up farm and other necessary buildings, establishing a 
hospital, church, school, recreation hall and shops, as well 
as the costs of purchasing the machinery, of health services 
and of overhead expenses. The rentability of the project 
seems to be guaranteed even if the world market prices of 
agricultural commodities should drop considerably under 
the present level. 

festation by deep-rooted weeds, and the known extent of 
which is approximately 10 million acres, are first-class 
grain-producing areas. Most of them lie in regions where 
the average rain-fall is of such intensity as to ensure the 
successful cultivation of the crop under rain-fed condi
tions. It seems to me that to allow these lands to remain 
uncultivated is justifiable under no circumstances whatso
ever. It is the material and moral responsibility of the 
State to ensure that these good culturable lands are 
brought back into and kept under cultivation. 

Alkaline land 
The third type of culturable waste land is the U sar or 

alkaline land. The problem of reclaiming these lands is a 
separate one and it is not the intention of the writer of 
this paper to deal with this subject. It may, however, be 
said that the problem is well known to the scientists of the 
country and the means of reclaiming these lands are also 
now fairly well understood. Given the will to reclaim these 
areas there is no reason why those that are reclaimable 
should not be brought under the plough within a reasonably 
short time. 

WEED-INFESTED LAND 

I will deal first with the old fallows and will describe as 
briefly as possible the nature of the weeds that infest them 
and the mode of their propagation as also the means by 
which these lands can be brought back into cultivation. 

The two principal enemies of cultivated land in specified 
regions in our country are kans and hariali. 

Kans 
This grass belongs to that large family of grasses known 

to botanists as "Sachharum". It is interesting to note 
that sugar-cane also belongs to the same family of grasses 
as kans. It is a coarse perennial grass with long under
ground creeping roots which is found throughout India 
and up to elevations of 3,000 to 4,000 ft. It varies in 
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height according to the nature of the soils and thrives best 
on damp heavy clays, particularly the heavy clay lands 
encountered throughout Central India region where it 
thrives most vigorously. In these areas its root system 
may go down to depths of as much as 36 in. Normally, 
however, these roots rarely penetrate beyond 12 to 14 in. 
in depth. Owing to its vigorous root growth it is one of the 
most difficult weeds to eradicate from cultivated land, 
particularly with the means of cultivation available to the 
farmer. Once it gets hold of the land, particularly the 
heavy clayey moist soils of Central India, it grows and 
spreads rapidly and within a short time, usually within 
three to five years, it makes the land wholly unculturable 
with the indigenous implements. 

Kans flowers from the middle of August to the first 
week in September. The flowers are in the form of long 
white arrows and the seed is dispersed through the action 
of the winds which blow the flowers during the month of 
September. Any tall-growing crop or grass which is above 
3 ft. in height at that time acts as a wind-break and the 
kans grass seed is intercepted by such growth. The seed 
drops at the root of these wind breaks and because the soil 
and climatic conditions are most favourable for its germi
nation at that time of the year, it immediately takes root. 
By the time the wind-break crop is harvested towards the 
end of October or beginning of ~ ovember, the young kans 
has taken firm hold of the ground and vigorous growth 
occurs in its root system. In this connexion it is note
worthy that the common kharif crops in the areas most 
seriously affected by kans are jowar and to some extent 
arhar or tur. Jowar, therefore, acts as the sheltering crop 
for the young kans and is to a large extent responsible for 
the perpetuation of this pernicious weed. 

It has been observed that if left alone kans exhausts 
itself in ten to twelve years. It may thus normally occupy 
a field for this period. Unfortunately, however, during this 
period the land has gradually gone out of cultivation and 
other types of growth come along and get hold of the land. 
This growth is usually of small babool trees, small palas or 
dhak and other local vegetation. The land thus becomes a 
complete derelict and is beyond cultivation by the local 
resources of the cultivator. 

duration of a year or two it would be possible to destroy 
this weed altogether, but as this is an impracticable pro
position some areas will always be left where kans will 
flower and seed and these seeds will be blown by the wind, 
thereby endangering the adjoining clean areas. It is fortu
nate, however, that these seeds are not carried very far 
through the action of the winds and if comparatively large 
blocks of land are reclaimed every year it is probable that 
within a short time the weed would be brought completely 
under control, particularly if the farmers of these areas 
are taught to cultivate nothing during the monsoon period 
on such lands, thereby offering no shelter to the flowers of 
this weed. 

Hariali 

This is the common "dub" grass of India the botanic 
name of which is Cyanodon dactylon; it is the common 
grass of our lawns, where it looks very beautiful. But it is 
a curse in certain parts of Bombay Province and some 
parts of the ceded districts of .Madras Province. The 
method of propagating this grass is from roots, from stem 
cuttings and from seeds. In such districts as Dharwar, 
Belgaum, Kolahpur, etc., it is a pernicious weed. It grows 
luxuriantly in these areas, quickly forms a very thick 
matting extending its root system to a depth of 8 to 12 in. 
into the soil. Under these conditions it is impossible for 
the local farmer with his indigenous cultivating imple
ments to tackle the land infested with this weed and the 
land gradually goes out of cultivation. Here again the 
method of destroying this weed is to plough it within a 
limited period of February to May and to expose its root 
system to the desiccating effects of the sun's heat. If the 
exposure of the plant as a whole is complete in a given 
area the weed is entirely destroyed. If, however, as usually 
happens, even a few stems or roots are left alive in the 
upturned soil, these immediately take root at the advent 
of the monsoon and form the foci for the future regrowth 
of the grass. Similarly in these areas, if a periodical, short
term, effective ploughing to a depth of 5 in. to 6 in., say 
once in every four years, is given, it is probable that this 
weed could be kept under fairly good control. 

NEW CULTURABLE WASTE LANDS As a result of experimental work carried over a number 
of years it has been established that the surest way of 
controlling this weed and bringing lands which have gone Such lands exist in almost every Province and State in 
out of cultivation as a result of infestation by it is to plough the Indian Union. Their extent, however, varies from 
these lands to a minimum depth of 12 in. during the period area to area. A vast majority of these lands are situated 
January to May. The last ploughing must be stopped at in assured rainfall areas. They are, however, covered with 
least four weeks before the break of the monsoon in order scrub jungle with light tree density and the majority are 
to ensure that the last furrow turned up by deep ploughing infested with malaria and need drainage. In very many 
is throughly dried by the heat of the sun, thus ensuring cases wild animals abound in these tracts but they do not 
the desiccation of all the roots of the weed that are turned offer any serious problem in so far as reclamation on a 
up. By this operation the cultivator is reasonably certain large scale is concerned. Outside the East Punjab, East 
of keeping his land free of this weed for a matter of seven Punjab States and parts of the United Provinces, most of 
to eight years. If, however, in the intervening period or at these culturable waste lands are situated in areas where 
the end of the first four years the land is given another rice cultivation is practicable. In certain tracts such as 
comparatively shallower cultivation to a depth of 6 to Assam it would be practicable to grow jute also. 
8 in. any new infestation which may have occurred in the The limited amount of land reclamation work which has 
meantime is sure to be destroyed. been carried out in some of these areas has indicated that, 

It has yet not been established as to how to eradicate generally speaking the fertility of these lands is high and 
this weed completely. If it were possible to plough up the large yields can be expected under a system of rational 
whole of the area extending to millions of acres within the husbandry. 
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PROBLEMS OF RECLAMATION 

W eed-injested land 

The problem in the case of these lands has already been 
stated. The method of controlling and to a certain extent 
eradicating weeds from such lands have also been touched 
upon. Generally speaking, it may be said that if these 
lands are initially broken to a minimum depth of 12 in. 
and thereafter periodically to a depth of 6 to 8 in., it is 
practicable to keep these lands in production year after 
year. It is accepted that human labour, if employed in 
sufficiently large numbers, can do the job. As a matter of 
interest an efiort was made to find out what the cost of 
such work would be. It was found that with the use of the 
heaviest implements which the human being could wield, 
the labour employed could not put out suf-ficient sustained 
effort and the experiment had to be abandoned. On the 
other hand, suitable machine equipment under these most 
difficult conditions is able to deal with the problem very 
much more expeditiously and efficiently at a cost which 
may be said to be economical. 

The soil conditions in the areas in which kans grow are 
perhaps the most difficult from the operational point of 
view of any to be met with in India. Almost the whole of 
the area infested with kans consists of very heavy blue
black sticky clays. It is impossible to put any machine on 
these soils during the period June to November. In any 
case the use of any machine during this period would 
be utterly futile. The time available for reclamation 
is, therefore, comparatively short. The earliest that 
machines can be put on to these soils for effective work is 
the beginning of January and it is essential to shut down 
the work at least a month before the monsoon breaks in 
order that the exposed roots and upturned soil containing 
roots are thoroughly dried by the sun's heat, thereby 
ensuring the destruction of the roots of this grass. 

Since the soil texture is what it is and it is necessary to 
do this work during a part of the year when soil is likely to 
dry very swiftly, experience has shown that to plough to a 
depth of 12 in. initially, heavy machines with a minimum 
of 80 h.p. on the drawbar are necessary. But what is much 
more important is that the plough to be used behind these 
machines must be so sturdily built that it can stand the 
very severe conditions under which it has to operate. It 
has been the good fortune of the writer of this article to 
use the heaviest types of both the disc and mouldboard 
plough so far manufactured. It can be stated without 
exaggeration that no plough has yet stood the test com
pletely. Generally speaking, a disc plough is utterly use
less for this type of work. It just does not give the pene
tration in spite of all the wheel weights and other devices 
that one can employ under these conditions. It is, how
ever, more efficient in one respect as compared to a mould
board plough-hidden roots and short growth do not 
bother the disc plough. It either cuts through them or 
rolls over them if the roots are too big for it to tackle. 

The mouldboard plough is the solution for efficient 
work under these difficult conditions inasmuch as it has 
the necessary penetration, provided it is properly designed 
for work under these extremely difficult conditions and is 
able to hold at the required depth. A mouldboard plough 
with a goose-neck beam, irrespective of its size, is again 
impracticable because experience has shown that when 

the plough strikes an exceptionally hard patch of soil the 
beams straighten out, thereby making the plough quite 
useless. A plough with an off-set frame and with bolted-on 
plough standards is the one that has stood up to the work. 
An efficient colter for these ploughs still remains to be 
designed and the mouldboard also needs to be so designed 
as to be able to stand up to the stresses and strains that 
are imposed on it under these difficult working conditions. 

It has been established that once these lands are broken 
the most rational course to follow thereafter is to leave the 
broken land alone during the monsoon. The furrow depth 
of 12 in. and more with big clods acts as an excellent re
ceptive medium for storing up a major portion of the rain· 
fall that it receives. There is little surface run-off and, at 
least during the first year after reclamation, there is prac
tically no soil loss from the surface. Being heavy clay, the 
soil retains moisture well throughout the growing period 
of the grain crop which may be grown on these soils during 
the following cold weather. Expense for preparing a seed~ 
bed immediately after the initial break-up is completely 
avoided as the rain does all this work for the farmer. In 
practice, it has been found that all that is necessary in the 
month of October is to put either a country drill or a seed 
drill straight on to the reclaimed land and sow the crop. 

Another great advantage in reclaiming these lands is 
that the areas are all settled and the land is already in the 
possession of the farmer. No colonization expenditure or 
investment in the shape of roads, etc., is necessary. 

The reclamation of these lands, therefore, offers the 
quickest method of additional food production. If the 
estimated 10 million acres of land could be reclaimed it 
would add 3 million tons annually to the food resources of 
the country. 

NEW LANDS 

The reclamation of culturable waste lands offers a much 
more complicated problem. As has already been indicated 
these lands have remained uncultivated for various rea
sons, chief amongst which have been the prevalence of 
malaria in these areas and poor communications. \Vhen
ever any such large block of land is selected for reclama
tion purposes, it is essential to prepare a complete plan 
before the actual reclamation work is undertaken. This 
plan must embrace all phases of reclamation such as 
malaria control, opening of communications, plans for 
drainage, if necessary, provision of water supplies, setting 
up of villages, etc., before the colonists can be expected to 
settle on these lands. 

.Malaria control is now not so difficult as it used to be in 
the past. During the Second World War the Army de
monstrated on a fairly large scale that it could keep its 
fighting personnel free from malaria by taking certain 
preventive measures. This technique was adopted in the 
case of two areas in the United Provinces which we re
claimed last year and it is of interest to note that people 
lived in these areas throughout the last malarial season 
when the incidence of the disease was not only very negli
gible but those few cases which did occur were of a com
paratively mild nature. 

If the colonization plans are prepared well in advance 
and steps are taken to ensure that malaria control squads 
are on the ground and that reasonable communications 
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exist, the actual reclamation of land can then be pro
ceeded with. 

The clearance of brush jungle offers a number of pro
blems. While it is possible to remove the above-ground 
growth by manual labour, however expensive that may 
be, it has been found in practice that it is almost impossible 
to remove to any reasonable depth of, say 12 in. to 14 in. 
the underground roots by manual labour. Power-operated 
saws mounted on self-propelled machines could deal effi
ciently and expeditiously with the above-ground brush 
growth. The few large trees could be removed by either 
using tree dozers or by means of explosives. Stumps more 
than 3 in. in diameter would necessitate the use of suitable 
stump dozing machinery but the greatest difficulty is 
likely to be experienced in dealing with roots. Here two 
distinct operations are involved. Firstly, it would be 
essential to cut these roots below ground and secondly, it 
would be essential to rake out these roots in order to 
permit machinery for breaking land to operate. Otherwise 
the wear and tear on the land-breaking equipment would 
be so great as to make the project uneconomical. 

Suitable machinery for taking out roots under temper
ate conditions does exist. How it >'vill work under sub
tropical and tropical conditions has yet to be investigated. 
Recently a new set of tools required for this work has been 
developed to deal with the root system of brush growth 
such as is met with in subtropical and tropical areas. It 
has been reported that this machinery has worked satis
factorily in Africa. How it will operate under Indian con
ditions has yet to be established. Assuming, however, 
that suitable machinery for root-cutting and raking out of 
these is available (and, incidentally, it may be mentioned 
that such machinery cannot be operated except by very 
heavy track-type tractors), it is practicable to break up 
the land by the use of different types of machinery. In the 
case of such land, experience has shown that it is not 
essential to use ploughs unless it is considered essential to 
bury-under any surface grass growth. Normally, it is not 
necessary to break these lands exceeding 8 in. in depth and 
for this purpose heavy ploughing harrows can be em
ployed most economically. 

The importance of the right type of equipment for re
clamation work cannot be over-emphasized. Reclamation 
is an extremely arduous and difficult job and it is essential 
that only machinery capable of withstanding severe strain 
should be employed. Otherwise, the undertaking would 
be verv wasteful and uneconomical. Track-type tractors 
are indispensable for such work. Equipment must be 
suited to the job. The impression that a bulldozer can do 
everything must be abandoned. It is a useful tool for 
certain specified work but it cannot do everything. 

From the experience gained in land reclamation both by 
the Provincial authorities and the Central Government it 
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is now more or less established that the cost of reclamation 
of old fallow lands infested with weeds does not exceed 
Rs.40/- an acre for ploughing to a depth of 12 in. If any 
scrub on such lands has to be cleared, naturally the cost 
would be more, but by and large, the figure stated would 
hold good. In many areas where ploughing is not so deep 
the cost is comparatively low. 

In the case of new land the cost of reclamation, par
ticularly of scrub clearance, would vary with the size and 
the density of the growth. On an average, if the major 
portion of the growth does not exceed 3 in. in diameter in 
size with a tree density not exceeding forty to the acre, the 
cost, including the cost of breaking of land, would amount 
to about Rs.lOO/- an acre. This figure is an average. 
Somewhere it will be lower; in other places it may be 
higher. 

The cost figures stated above include all costs including 
depreciation, overhead expenses, supervision and so 
forth. 

It has been established, however, that land reclamation 
is a self-financing proposition. To speak more precisely, 
the reclaimed land can easily bear the cost of reclamation 
and it should not be difficult to recover these costs over a 
few harvests, not exceeding ten. In the case of the new 
land where colonization may be necessary the over-all 
cost on account of colonization, malaria control, drainage 
etc. would have to be spread over a larger number of 
years. 

The work of land reclamation does not stop once the 
land has been cleared and broken up. In fact, it would 
have no meaning if that was the end aimed at. Further 
work is essential if the desired end, namely the production 
of food, has to be achieved. Land has to be cultivated and 
this includes cultivation in all its phases. Those concerned 
with the planning for reclamation work must consider 
simultaneously with the preparation of reclamation plans 
the ways and means for bringing the reclaimed land im
mediately into cultivation. Unless this is done and the 
follow-up cultivation is undertaken immediately after 
reclamation, the whole work of reclamation will be wasted 
as this land would grow a far better growth of scrub forest 
than it ever grew before unless it is put under crops. In 
this connexion it is essential to remember that there is an 
extreme shortage of plough animals in India today and 
this shortage is not likely to be overcome even for ordinary 
cultivation purposes for a number of years to come. In 
the initial stages it would, therefore, perhaps be necessary 
in many areas to depend upon mechanical means for the 
cultivation of the reclaimed lands. The Ministry of Agri
culture of the Government of India have now some very 
useful information on this aspect of food production. That, 
however, is another story which does not form a part of 
this note. 
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Reclamation of New Lands for Agriculture-Potentialities 
and Problems in Tropical Regions 1 

MAURICE GUILLAUME 

INTRODUCTIOK 

The subject is not dealt with here from the point of 
view of the application of certain new techniques to the 
reclamation of land. 

It was considered of more value: 
l. To analyse the complex of technical, economic and 

social factors which determine the possibilities for recla
mation in French tropical Africa; 

2. To indicate, by means of this example, ways of ap
proaching this very complex problem. 

The paper deals with the following points: 
I. Geographical features; climate and vegetation, oro

graphy, pedology, demography and effects of erosion; 
II. Extent and stability of the present occupied agri

cultural space generally worked in a highly extensive 
manner; 

III. Sporadic reclamation in the occupied agriculture 
space: 

(l) Reclamation of lands by the improvement of 
agricultural methods making it possible to reduce 
the occupied space; 
(2) Problem of resettling the population in rice
growing areas; 

IV. Large scale reclamation in the unoccupied agri-
cultural space : 

(1) Young transported soils: development of lower 
river-basins and littorals. 
(2) Eluvial soils: equatorial forest zone; equatorial 
savanna zone. 

V. Economic and social problems raised by the de
velopment of reclaimable lands: general considerations; 
application to Black Africa; primacy of economic ob
jectives; primacy of social objectives; modernization of 
working and density of occupation of land; resettlement 
of population; property status of developed lands-types 
of land tenure. 

VI. Financial aspects-advantages and expenditure
possibility of profit from works. 

GEOGRAPHICAL FEATURES 

Climate and vegetation 
French tropical Africa extends from 27° 20' N. latitude 

to 5° 2' S. latitude between the two tropics; it therefore 
lies entirely within the tropical temperature zone of the 
climatologists (Koppen), itself subdivided into: 

The tropical zone in the strict sense of the term; average 
monthly temperature always over 20 C, degrees with slight 
variations during the year; 

The subtropical zone: hot season of several months-

1 Original text: French. 

marked variations of temperature but no real cold season. 
The fall of temperature in the coolest month increases 
with latitude and distance from the sea. 

Table I summarizes: 
(a) The principal characteristics of the traditional 

climatic zones as exemplified in this group; 
(b) The natural plant associations by which they are 

characterized; 
(c) Principal agricultural products (food or cash crops) 

for which they are adapted. 

Orography 

African orography is peculiar inasmuch as the mountain 
massifs are few and relatively unimportant. Generally 
speaking they are close to the ocean and are therefore 
situated in the area of heaviest rainfall, where they act as 
the water reservoirs of the continent. 

As a result of this arrangement African hydrography is 
somewhat special. While the Atlantic slope is crossed by 
fairly short watercourses with small but relatively con
stant flows, which have formed narrow littoral plains 
by aggradation, the large rivers-the Senegal, the Niger, 
the Upper Volta in its upper course, the Logone and the 
Shari-flow towards the interior. 

Geologists agree that at the beginning of the quaternary 
period, the hydrographic system consisted of four great 
basins: 

The Senegal basin, fed from Futa Jallon and discharging 
into the Atlantic, with secondary basins which are now 
completely dried up in its lower part (Ferlo). 

The basin of the Upper again with its sources in 
the Futa J allon, flowing into a vast sea in the hinterland 
(the Mereie depression). 

The basin of the lower Niger which flowed down from 
the Adrar and the Lai:r, the massif in the heart of the 
Sahara to join the lower course of the Niger through the 
Telemsi valley and discharged into the Atlantic. 

By the familiar process of capture the junction of the 
two Nigers was effected in the neighbourhood of the 
Tozaye ridge, thus giving the river its present course. It is 
accepted that, during an undetermined period, the Upper 
Niger had an outlet in the Senegal area. 

The Logone-Shari basin dependent on the catchment 
area formed by the Adamaona and Yade massifs and 
discharging into Lake Chad, the remnant of what was 
formerly a vast sea now dried up. 

Various hypotheses regarding the causes of this general 
drying up of the lower basins have been advanced and 
aroused impassioned discussion. While the deterioration 
of the climate is undoubtedly due to geophysical or cosmic 
causes, it has certainly been accelerated by the activities 
of man since the dawn of prehistory. These practically 
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Table I. Principal Ecological Characteristics of Black Africa: Climate, Vegetation, Agricultural Products 

Climate 

Guinea forest 

Sudan-Guinea 

Sahel-Sudan 

Sahel-Sahara 

Sahara 

Average annual 
temperature 

24-27.2 degrees at low 
and average alti· 
tudes; small temper
ature range 

24.2degreesto29 aver
age 26.6 degrees -
small temperature 
range, average 4 to 
6 degrees 

Average annual 
rainfall 

1,000 to 4,000 
mm; aver
age 1,450 
mm. 

950 to 1,750 
mm; aver
age 1,280 
mrn. 

26 to 31 degrees 400 to 1200 
marked or very mm. 
marked temperature 
range of 5 to 10.2 
degrees 

24.5 to 28.5 degrees 
very marked tem
perature range 10 to 
13.5 degrees 

200 to 400 
mm. 

27.5 to 29 degrees sub- Under 200 
stantial temperature mm. 
range 10 to 20 de-
grees 

Dry seasons 

7 to 9 rainy months, 
1 or 2 dry seasons, 
not more than 1-2 
very dry months in 
main dry season 

Single rainy season -
dry season 4 to 5-
months 

Rigorous dry season 
6 to 8 months max. 
Rains in August 

Dry season very long 
and rigorous - 9 to 
11 months - maxi
mum rain in August 

Max. rain in August 
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Principal vegetation 
now found 

Dense humid tropical 
forests coastal sa
vannas savannas 
with tall grass-wood
ed or bush savannas, 
natural Elaeis palm 
groves 

Dense or thin dry 
tropical forests 
wooded savannas 
large forest strips, 
karite stands 

\Vooded savanna sa
vanna with thorn 
hushes- steppes and 
thorn bushes-ranier 
or dom palm groves 
- stands of baobab 
or karite 

Steppes- thorny hush, 
dom palm groves, 
wooded belts round 
pools 

Desert inferior oasis 
steppes 

Principal agricultural 
products 

Foodstuffs: root crops 
(especially manioc 
and taro) and plan
tains; export crops 
- generally shrub: 
coffee, cocoa, palm 
oil. Useful forest spe
cies: Numerous spe
cies used or capable 
of use for timber and 
cabinet wood 

Gathered products 
(palm, rubber etc.). 
Family stockraising 
of small livestock, 
occasional raising of 
large livestock 

Food crops: sorghum 
(large and small mil
let maize) rice - dry 
or underwater (seed 
legumes roots es
pecially yams and 
sweet potatoes). Cash 
crops: groundnuts
castor oil plant -
pourghere cotton -
various fi hres - sisal; 
gathered crops; ka
rite butter - kapok 
fibres. Pastoral 
stockraising on fami
ly basis - large and 
small livestock 

sorghum, 
-marsh 

rice only- some root 
crops seed legumes 

ca.sh crop: ground
nuts, cotton, miscel
laneous fibres, to
bacco. Useful forest 
species: Karite but
ter kapok fibres -
fibre and oil-yielding 
seeds of baobab. 
Chiefly pastoral and 
family stockraising 
large and small live
stock 

Foodstuffs irrigated or 
after flood subsiden
ce along rivers -rice 

wheat-sorghum 
seed legumes, cot
ton, long staple, use
ful forest species : 
gum acacia, date 
palms. Pastoral rais
ing of small live
stock and camels 

Oasis crops: rice, 
wheat, citrus fruit, 
date palms 
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desert regions were, little more than a few centuries ago, 
still inhabited and prosperous as is proved by many traces 
of settlement and a number of historical accounts more or 
less distorted by legend. 

The Congo basin -to confine ourselves only to the 
French portion-comprises 100,000 sq. km. and lies en
tirely in the equatorial zone. It is drained by a whole 
system of rivers-the lJbangi, the Sangha, the green 
Likuala, the Likuala Ndeko and the Alima Nkeni, which 
wheel round in the Missaka area and flow into the Congo, 
the general outlet from the basin. In their lower courses, 
all the rivers intercommunicate through an extremely 
complex system of channels, forming a veritable delta. 
Part of the area is permanently under water and part 
subject to temporary floods. 

Pedology 

Judged by the fertility standards of temperate soils, the 
soils of tropical Africa appear infertile because of their 
deficiency in chemical elements. 

The rock substratum of the country consists mainly of 
sandstone, quartzites, sand, breccia and old acid emptive 
rocks (granite, syenite), whose content of useful mineral 
elements is slight or poor. The best formations are the 
gneisses, metamorphis schists of the Archaean or Cam
brian bedrock and a few layers of more recent emptive 
rocks ( dolerites, basalt and others). 

The initial unfavourable mineralogical composition of 
the mother rocks affects eluvial soils in situ and indirectly 
colluvium formed through local rill action or alluvium 
from the mother rock transported many miles from the 
original deposit by the streams and rivers. 

The poverty of the soil has been accentuated by the 
process of laterite formation which is peculiar to warm, 
humid climates and is marked essentially by a steady re
duction of silica alumina iron and sesquioxide ratio by 
leaching of the alkaline bases and alkaline-earth bases and 
a part of the silica. 

This results in the formation of an eluvial horizon of 
ferruginous concretions in the climatic zone with very 
marked dry seasons occupied by tropophilous (deciduous) 
forests. 

Over extensive areas, practically barren laterite hard
pan (bovals-cuirasses) cover the ground. This is the result 
of either former forest soil, denuded by cultivation and 
bush becoming cemented after deforestation and ex
posure, or the recasting of old laterite soils, i.e., laterite 
alluvium which formed hardpan the more readily because 
it occurred in a shallow phreatic layer and had been trans
ported into climatic zones where intense evaporation drew 
off water from the soil solutions fermginous and 
alumina colloidal micellas (12). 2 

The best agricultural soils in Africa are the young 
transported soils (alluvium, colluvium) which are now 
being formed in the great sedimentary basins along the 
great African rivers and on the littoral plains. 

on special techniques the study of which is of fundamental 
importance in the reclamation of new tropical lands. 

The remarks made above regarding the deficiency of 
mineral elements in most African soils because of the com
position of the mother rocks or the formation of laterite 
must not be allowed to obscure the fact that in the tropics 
the productive capacity of the soil is principally deter
mined by its physical structure. The poorest soils are 
those with a bad structure due to a deficient content of 
organic matter. The maintenance or improvement of the 
clay-humus complex determines the success of cultivation. 

It follows that the agricultural value of lands depends 
much more on the care taken to maintain their structure 
and reserve of humus by proper methods than on their 
initial fertility. 

It also follows that they cannot yield repeated and abun
dant crops without being regularly enriched with organic 
and mineral fertilizers (12); even more than in temperate 
climates, it is necessary to restore the residue or by
products of crops to the soil in order to reduce their im
poverishment. 

It is therefore important to convert crude agricultural 
produce on the spot, thereby facilitating the restoration of 
the residue either directly or after transformation by live
stock. 

Demography 
French Black Africa is now inhabited by approximately 

24 million persons-of whom approximately 21 million are 
rural (agricultural-pastoral)-in a total area of 7,700,000 
sq. km. 

Table II shows the average density by territories. The 
demographic map drawn up by the Office of Colonial 
Scientific Research gives a clearer picture of its distri
bution. 

Table II. Distribution of Population 

French West Africa 1945 
Senegal .... . 
Sudan .... . 

Niger ... 
Mauritania . . 

French Equatorial Africa 
Gabon ... 
Middle Congo 
Ubangi-Chari 
Chad .... 

Cameroons 1946 

Togo 1947. 

TOTAL 

Population 

1,895,000 
3, 797,000 
2,125,000 

4,056,000 
1,458,000 
2,168,000 

497,000 

15,996,000 

422,000 
636,000 

1,065,000 
2,011,000 

4,134,000 

2,816,000 

944,000 

23,875,000 

Area 

1!)6,500 
1,221,000 

247,000 

472,000 
118,000 

1,256,000 
1,165,000 

4,675,500 

267,000 
342,000 
617,000 

1,284,000 

2,510,000 

440,900 

55,000 

7,681,400 

Density 

9.6 
3.1 
8.6 

8.6 
12.4 

1.7 
0.4 

1.68 
1.88 
1.70 
1.60 

6.40 

17.2 

In the semi-arid zone and beside the sea, however, they 
are sometimes rendered unfit for any type of cultivation 
by saline elements. Their development is then dependent 

Previous to European colonization, the occupation of 
the land by man was governed by the natural amenities 
of habitat and the limited possibilities of development 

2 Numbers within parentheses refer to items in the bibliography. offered by primitive tools. 
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The ease with which lands could be worked was more 
important than their natural fertili~y. Their useful ~alue 
was assessed in terms of the reqmrements of a stnctly 
subsistence agricultural economy which was practically 
closed to trade with other groups. 

Further, in a state of general insecurity, permanently 
threatened bv slave traders, these communities could 
settle, prospe~ and increase only in inacc~~sible areas .of 
refuge, or when they achieved forms of poht1cal and soctal 
organization sufficiently coherent and powerful to ensure 
order and peace. 

"From the historical point of view, the prosperity of an 
agricultural civilization depends even. more on.the.security 
of the site and the vitality of the socml orgamzatwn than 
on the quality of the soil" (7). 

Unlike the populations of the Asiatic monsoon c?un
tries, the inhabitants of Africa either had not the skill or 
were unable to create great agrarian civilizations based on 
the complete and intensive utilization of flat land, subject 
to flooding or capable of irrigation, for rice growing. A 
glance at the demographic map does indeed show a con
centration of population along the principal watercourses, 
but it is only marked, and is moreover frequently r:cen~, 
in the semi-arid region. Elsewhere, the populatiOn IS 

scattered on the highlands formed in sit1t or on the old 
alluvial plateaux covered by savanna or light forest which 
is easy to clear and bring into cultivation. 

The coastal forest region with extremely dense and 
luxuriant vegetation, and moreover unhealthy (mala.ria, 
sleeping sickness) and difficult of access,. for a long tm~e 
prevented the expansion of agriculture; 1ts settlement IS 

relatively recent. 
In conclusion, the distribution of the population of 

Africa does not correspond to the rational utilization of 
soil resources. 3 

The principal centres of population are located as 
follows: 

A. In the mountain massifs: 
Futa Jallon in Guinea. 
Dian country in the middle Ivory Coast. 
Cabrais country in mid-Togo and Dahomey. 
Dogon country or Have country in the loop of the Niger. 
Bamilike and Bamoun country in the Cameroons. 
:Vfandara country. 
B. In areas previously occupied by well-organized 

African communities: 
:\fossi country in the Sudan and Upper Volta. 
Mid-Ivory Coast. 
Lower Dahomey and Togo. 
North Cameroons and Chad. 
C. The development of production and the Pax G!lllica 

have, however, resulted in an increase and concentratiOn of 
population, sometimes by immigration from the settled 
areas alreadv mentioned: in Senegal (groundnuts); along 
certain rive;s (Senegal, Niger and Bani); in the equatorial 
coastal area, i.e., Lower Ivory Coast (coffee-cocoa), Lower 
Cameroons (coffee-cocoa). 

s Any plan for the reclamation of new lands must therefore be 
based on a detailed analysis of the reasons why the land has so far 
remained uncultivated. 

Effects of erosion 

The agricultural possibilities of the territory depend on 
a combination of conditions typical of the natural geo
graphical environment the analysis and knowledge of 
which must be the foundation of any scheme for the re
clamation of new lands: topographical, edaphic, biotic 
(fauna and flora), climatic and pedological conditions. 

The system which is in a state of precarious bala1_1ce 
evolves spontaneously independently of any human actwn 
as a result of the phenomena of erosion which are particu
larly active in tropical environments. 

Owing to the abundance and violence of precipitat~on, 
pluvial erosion, (leaching-rill action-gullying) ~eterJ?mes 
the relief of the Guinea and Sudan zones. Chmatlcally 
thev are adapted to forest formations; ombrophilous 
for~sts, tropophilous and thin forests. "The treeless spaces 
are so because of a rugged surface due to hard rock, the 
activities of man on surface layers of laterite." (15) 

In the Sahel zone, pluvial erosion which is still violent 
although the season is short, and wind erosion, the 
effect of which increases as one approaches the Sahara 
zone, act together. Here again the natural plant associa
tion (permanent tree-covered stratum, season!ll .grass 
stratum) affords good protection but the balance 1s tipped 
by human destruction. 

Thus man by his agricultural and pastoral activities is 
not only responsible for the regression of the plan~ cover 
and the degradation of soils in the areas he cultivates; 
he is also the cause of a general acceleration of the 
phenomena of erosion which everywhere des~roys the 
precarious equilibrium of the natural environment, 
modifies the climate and the vegetation and, consequently 
the morphology and hydrographic system. 

The behaviour of reclaimed areas under the effect of 
erosion agents therefore also deserves careful study and to 
some extent conditions their useful potentialities. 

A fundamental distinction based on relief must therefore 
be made, as regards pluvial erosion, between: 

(a) Areas of high eluvial lands (r~10untains, p!ateaux 
and plains with round hillocks) which are particularly 
vulnerable; 

(b) Zones of inundated or exundated low l~nds formed 
by accumulation and covered with recent sediments. 

The rational utilization of zones of the first type pre
supposes: 

1. A fairly high rate of afforestation protecting regions 
with steep relief or ruined soils in order to prevent t~e 
deterioration of the climate and of the hydrographic 
system; to justify this position one need only recall 
the disastrous results of the deforestation of the Futa 
J all on and Adamaoua massif. This precautionary measure 
is facilitated by the fact that the natural forces tend 
automatically to restore the forest cover if they are not 
thwarted by misuse of the soil. 

2. Agricultural methods governed by a constant aware
ness of the need to halt erosion on soil temporarily denuded 
by cultivation. 

Low accumulation zones provide the best agricultural 
sites. They occur in isolated areas in eluvial zones, (de
pressions-thalwegs) or cover vast areas in the flooding 
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zones of rivers and streams. Their neglect up to the 
present is explained by the scanty technical resources of 
the indigenous population and certain factors in their 
historical development. It is obvious that priority in 
reclamation should be given to these favoured lands. The 
conditions for doing so will be discussed later. 

In its turn wind erosion is an obstacle to the develop
ment of lands in the Sahel-Sudan and Sahel zones. Its 
adverse effects are more noticeable in eluvial zones but 
are far from ·sparing sedimentation zones. 

Here again, agricultural techniques to halt this evil 
must be devised and adopted. Plains where rice is grown 
under water are generally safe, but dry seasonal crops 
must be protected by screens of trees. One can imagine 
a rural landscape with woodland and fields intermingled. 

Elsewhere the protective screen formed by the natural 
plant cover must be everywhere reinforced in order to 
prevent corrosion of the terrain. The misuse of tree 
formations~jestroyed to meet the domestic needs of the 
indigenous population (firewood and light building tim
ber)~and of herbaceous formations~overstocked with 
cattle~must be restrained. These precautionary measures 
are not, however, sufficient: on badly ruined soils, the 
natural vegetation, protected from the pernicious effects 
of human activities, cannot spontaneously reconstitute an 
effective protective cover. Major works of reforestation 
and for the regeneration of grazing of grounds are required. 

EXTE.:-IT AND STABILITY OF THE AGRICULTURAL SPACE 

The space cultivated each year is estimated at 12,500,000 
hectares comprising 8,500,000 hectares of cereals (sor
ghum, fonio, rice and maize), 1,500,000 hectares of root 
crops (manioc, taro, yams, potatoes) or plantain, 600,000 
hectares of trees producing cash crops (coffee, cocoa, 
coconut, kola, hevea, palm plantations), 1,300,000 hec
tares of oil-bearing plants, (groundnuts, castor-oil plants) 
and 350,000 hectares of fibres (cotton). However sta
bilized cultivation, represented chiefly by perennial rice 
plantations in the valleys, coffee and cocoa plantations in 
the coastal region and annual food crops in the thickly 
populated areas do not account for more than 3 million 
hectares. The other fields are abandoned after a few 
harvests as soon as the land shows signs of exhaustion or 
when it is over-run by casual vegetation. The fields are 
moved on a circuit returning to their starting point when, 
after a long fallow period, the new growth has more or 
less restored the fertility of the soil. 

Generally speaking land is occupied by crops for two to 
five years and then lies fallow for a period varying from 
ten to twenty-five years. 

The natural fertility of the soil, the luxuriance of the 
vegetation and the density of occupation of the soil are all 
factors which affect the length of the rotation cycle. 

All stages can be found from practically continuous and 
more or less intensive cultivation in depth in the settled 
regions 4 to very brief temporary light cultivation spread 
out over enormous areas. 

It is accepted that on an average each unit of the active 

• In this connexion, the agrarian economy of the settled moun
tain regions is particularly rich in instructive material for agrono
mists. 

population can cultivate the following area: where yoked 
ploughs are used (principally in Upper Guinea and in the 
rice-growing area of the Sudan) 1.5 to 2.5 hectares where 
the hoe is used; in the Sudan or Guinea zone without 
dense forest vegetation, 0.75 to 1.5 hectares; in the Guinea 
forest zone, 0.25 to 0. 75 hectares. 

It should, however, be noted that because of the con
tinuity of growth in equatorial climates without a marked 
dry season, food crops (principally roots and plantain) 
produce a much higher number of calories per unit of 
area than the more strictly seasonal crops of the Sudan 
zone. Each hectare can furnish basic nourishment for 
three to four persons in the first case and from six to nine 
in the second. 

Moreover, produce harvested by picking (wild or more 
or less cultivated palm groves in the equatorial zones) 
affords far from negligible additional resources. 

Thus, contrary to the classic conception of peasant agri
culture in developed countries, the use of the soil rests on 
the combination of the natural climax (forests, savanna, 
light forest, etc.) with cultivation and not on the combi
nation of agriculture and stock-raising (mixed farming) 
which it is desired to introduce and generalize in Africa. 

When the farmer also raises stock, the cattle are not 
used for field work (except in areas, still limited, where the 
use of plough teams has become customary). The cattle 
are outside the actual farm and feed in the area of shifting 
cultivation without the addition of fodder crops; the fer
tilizer which they produce is lost for all practical purposes. 

In many cases agricultural and pastoral populations 
still form separate communities, belonging to different 
races and subject to different social systems. Their econo
mic relations are not close and are not free from clashes 
and competition, particularly for the occupation of land. 

The number of head of cattle are indicated in Table III. 

Table III. Number of Head of Livestock 
(In thousands) 

Cattle Sheep, Horses Don- Pigs Camels 
Goats keys 

French West Africa 
Senegal 366 460 180 326 155 276 
Mauritania . 290 2,500 
Sudan . 1,540 2,600 
Niger 1,250 3,800 
Ivory Coast 640 1,750 
Guinea 505 260 
Dahomey 190 30 

4,781 11,200 

French Equatorial Africa 
Chad 3,200 4,500 120 180 20 175 
Ubangi 160 60 
Middle Congo. 

3,360 4,560 120 180 20 175 

Cameroons . 1,000 1,100 12 40 120 
85 450 1 3 170 

Comparison of ecological~distribution of livestock 
(cattle, goats, sheep)~and demographic maps shows the 
following: 

1. The nature of the plant cover, its density and animal 
trypanosomiasis prevent stock-raising in the Guinea equa
torial zone (especially in the forest zone) except in certain 
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mountain areas where this epizootic disease is not found: 
stock-raising has also had a considerable effect on de
forestation (Futa in Guinea, and the Bamileke and Ada
maoua plateaux in Cameroons). 

2. While cultivation cannot extend north of the isohyet 
500-450, except along the Senegal and above the loop of 
the Niger, stock-raising extends to the isohyet 250 (es
pecially for sheep and goats). 

3. Maps for the distribution of livestock in the dry 
season show some overlapping with agricultural occu
pation (reflected by the demographic map) which is more 
apparent than real. In fact the cattle assembled round the 
water-holes in the dry season cover a wide circuit during 
the rainy season. 

In spite of the inaccuracy of the official statistics which 
are generally underestimated, it may be assumed that 
there are 10 million cattle and 20 million sheep and goats 
in the whole of French tropical Africa. 

It is accepted that extensive stock-raising in Africa of 
the pastoral type requires on the average one hectare of 
pasture ground for each head of cattle for each month of 
the dry season, the figure being reduced to one-tenth for 
sheep and goats. The overstocking of pastureland and the 
accelerated rotation of shifting cultivation are the prin
cipal cause of the degradation of the soils. 

In the agricultural-pastoral system described above, 
the permanence of the means of subsistence of the occu
pying rural communities and consequently the stability of 
settlement can be assured only if a satisfactory relation is 
maintained, in time and on the same terrain, between the 
length of the fallow period and that of the period of culti
vation and, in space and over the entire territory, between 
the area of cultivated lands and that of fallow lands 
forming part of the circuit of shifting cultivation. This 
equilibrium between man and the soil is extremely pre
carious and may be disturbed by a rapid expansion of 
cultivation (whether the expansion is due to the numerical 
increase of the population, the development of crops 
following on the opening of new markets or the improve
ment of agricultural methods in the sense of an increase of 
the farmers' mastery of the soil with the aid of animal or 
mechanical power). 

Simultaneously modern agricultural techniques to 
restore the fertility of the soil must be applied (animal and 
mineral fertilizers-manure crops-rotation of crops, etc.). 

By agricultural space theoretically used, we mean the 
total area of lands required to maintain the equilibrium of 
this system of agriculture without rapid deterioration of 
the soil. The estimate of this area given below is very in
exact and is intended, without attaching undue importance 
to the absolute value of the figures put forward, only to 
draw attention to a coefficient of soil utilization much 
higher than what might be assumed from simple com
parison of: the area of crops and the number of head of 
cattle on the one hand; and the total area of the territory 
on the other: 

Area required for shifting cultivation: 
Area required for nomadic pasture cattle: 
Area required for goats, sheep and miscel-

laneous: ............ . 

Hectares 

70 million 
40 million 

8 million 

Allowing for the fact that almost one-third of the area 
of shifting cultivation overlaps the pastoral area south of 
isohyet 450, the total area in use is about 100 million 
hectares. 

French Black Africa extends over almost 770 million 
hectares but the arid or semi-arid regions of the Sahara, 
lying above isohyet 300, the mountain massifs, the rock 
outcrops or laterite hardpan areas, watercourses and areas 
temporarily or permanently flooded must be deducted 
from the agricultural space, reducing the latter to 570 
million hectares 5 giving a rate of utilization, in the present 
state of agricultural technique, of approximately 17 
per cent. 

Needless to say this problem could be examined more 
closely by regional studies for the consideration of the 
following factors: natural fertility of the lands and capa
city for regeneration by fallow periods of varying duration; 
food requirements of the population; their mastery of the 
soil with their present tools; presence of land unsuitable 
for any use (rock outcrops, etc.). 

It would then be found that in many of the highland 
regions (eluvial soils or old eluvial soils) human agri
cultural occupation creates disequilibrium of the con
ditions of land utilization leading to deterioration once the 
density of human population reaches twenty inhabitants 
to the sq. km. 

"They are only poor agricultural lands and under the 
conditions of native agriculture are suitable solely for 
working in patches and temporary occupation of the 
soil" (3). 

INDIVIDUAL RECLAJ\IATIOX IX THE OCCUPIED AGRICULTURAL 

SPACE IN USE 

Reduction of the cultivated space by improvement of agri
cultural methods with a view to releasing free lands 
Considering the immense areas mobilized (and some

times wasted) by extensive agriculture and stock-raising, 
there seems to be a possibility of releasing land by re
ducing the nomadic pasture areas and areas of shifting 
cultivation by an ordinance confining rural communities 
to the interior of boundary lines beyond which they are 
not allowed to pass. By means of such measures, various 
countries have "released" vast territories which have been 
opened up to settlement. 

Faced by a growing population in the "segregated" 
communities, the increase in livestock and the expansion 
of cultivated areas caused by the development of trade, 
the authorities find themselves under the necessity: of 
enlarging the area assigned, with the alternative, in spite 
of efforts to improve agricultural methods; and of stand
ing by while the soil deteriorates and the rural communi
ties become impoverished. 

It is nevertheless true that vast areas can be released by 
transferring and resettling the scattered communities 
which occupy them but such steps must not be embarked 
upon lightly and must go hand in hand with the education 
and technical assistance of the indigenous farmers so as to 

5 Because of the method of land use, I do not make the classical 
distinction between arable land, productive forests, other forests, 
grassland and pasture, heath and brush wood, since stock-raising 
and agriculture shift over all these formations. 
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lead them gradually towards a system of stabilized agri
culture which respects the fertility of the land. 

The system advocated is that of mixed farming. under 
its traditional form, it has four principal objects in Africa: 

(1) To improve family subsistence (chiefly proteins and 
vitamins) by means of diversified food crops and animal 
products; 

(2) To increase the farmers' income by seasonal export 
crops introduced into the rotation or by the cultivation of 
bush crops; 

(3) To preserve the fertility of the soil by rational ro
tation, if necessary by ploughing-in fertilizer crops and by 
the preparation and spreading of animal manure; 

(4) To increase the farmer's mastery of the soil by: 
(a) The use of draught animals for ploughing and 

other purposes; 
(b) The improvement of tools chiefly with a view to 

transferring to more directly productive activi
ties the time saved on marginal tasks, such as 
transport, processing of crops, preparation of 
foodstuffs. 

The boundaries of areas of cultivation must be laid 
down taking into account this technical development and 
the expansion of the population. 

I have also pointed out that more or less lateritic lands, 
whether covered by forests or denuded, are frequently 
poor for agriculture and their occupation and use by com
munities living in wretched conditions is due to historical 
factors which are no longer valid. The most ingenious 
achievements of modern technique could not substantially 
increase their productive capacity. The standard of living 
of the occupants cannot be raised on the spot and they 
must be resettled on less inhospitable soil. 

The object of such reclamation will therefore sometimes 
be not to release land for cultivation but to protect land 
so as to halt its deterioration and to reconstitute the pro
tective cover of vegetation. 

There is another side to the question which deserves 
consideration. However scattered human settlement may 
be in Africa, the occupying communities have, by the 
mere fact of their occupation, acquired rights of usage 
(grazing rights, agricultural rights, hunting rights, the 
right to gather fruits, etc.). Indigenes.stillliving in their 
traditional economic and social setting, generally speaking, 
do not regard property rights in the same way as Euro
peans; for them, property rights are reduced almost 
exclusively to jus fruendi and the use of lands is almost 
always collective. 

The customary rights may also be "recognized" and 
they may thus be asserted against all third parties by 
means of the procedure known as recognition of land 
rights. 

Whatever the circumstances, most of the "vacant and 
ownerless lands" which are part of the State lands cannot 
be reclaimed and used for development until they have 
been freed from these customary rights acquired by occu
pation, whether recognized or not. In cases of this kind, 
the compensation made to the inhabitants cannot com
pletely stifle the protests which will be more vehement in 
the more densely populated areas. 

Problem of resettling populations in rice-growing areas 

In the demographic sketch emphasis was placed on the 
fact that the inhabitants of Africa have not yet taken full 
advantage of the exceptional agricultural potentialities of 
those areas where the flooding of rivers and streams de
posits alluvium. The watercourses make only a small 
contribution to the economic life of the country. 

These lands are, however, far from being entirely neg
lected. The pacification of Africa and the development 
of means of communication affording security for the con
sumption of the crops on the one hand and a possibility of 
marketing the surplus on the other have already led to a 
spontaneous concentration of the agricultural population 
in these favoured areas. Two types of cultivation are 
practised: 

More or less extensive under-water rice cultivation 
(fallow periods after a few crops in Upper Guinea and 
Sudan). 

Dry crops after river subsides (Senegal and Niger 
bordering on semi-arid zones). 

The development of under-water rice growing using a 
more intensive method similar to that used in the Asiatic 
monsoon countries holds out excellent economic prospects 
for these areas. 

I have stressed the fact that the extensive cultivation of 
cereals on the dry highlands is the principal cause of the 
deterioration of the soil. A few poor harvests in succession 
leave these lands in an impoverished condition. Under
water rice cultivation can yield two or three times as many 
calories per hectare more or less continuously. They are 
protected against lateral erosion and little affected by 
vertical erosion because of their profile and the water 
system and are frequently fertilized by additional silt. 
Other phenomena still not fully understood compensate 
for the loss of fertility due to the removal of the crops. 
The rice-growers of the monsoon countries of Asia have 
been able to maintain the productive capacity of their soil 
for centuries by the mere addition of small quantities of 
animal fertilizer. 

If properly hulled, the food value of rice is equal to or 
greater than that of traditional cereals; it is in any case 
better than that of tubers, the staple food in the forest 
zone. It is quickly cooked, which saves work for the 
women, and it has a pleasant taste. In the form of un
hulled rice (paddy) it can be easily and safely stored and 
transported. 

Wherever livestock prospers the settlement of the high
land areas used for dry crops, and particularly threatened 
by erosion, can be consolidated by generalizing mixed 
farming. From the point of view of soil conservation and 
the improvement of the living conditions and nutrition of 
the population, however, this system would not seem, in 
the tropics, to permit of such dense and prosperous human 
occupation as the rice-growing plains. Thus, in areas 
where there are signs of over-occupation of soil consider
ation should be given to the regrouping of the surplus 
population in the alluvial plains suitable for under-water 
rice cultivation or even rich industrial crops, if the basic 
food supply is guaranteed by the rice-growing regions. 

In view of these considerations, the reclamation of lands 
by irrigation and drainage works assumes the utmost im-

577 



UNSCCUR PROCEEDINGS: LAND RESOURCES 

portance and it is for this reason that they have a special 
place in the Plan for the Modernization of the Overseas 
Territories. 

Inevitably and naturally the attention of the Confer
ence should be directed primarily to the execution of large
scale works incorporating vast unoccupied territories 
which are now fallow or practically unused in a single 
system. The possibilities of Black Africa in this connexion 
are still not fully known, except in the case of the central 
delta of the Niger. Complete studies regarding the regu
lation of the principal river-basins are only being begun. 
Some notes on the prospects they offer are given below. 
However, spectacular more or less long-term works must 
not lead to the neglect of the opportunities for small
scale developments affecting unused areas of limited size 
(from a few dozen to several thousand hectares) offered 
almost everywhere by the topography in the settled 
regions. Such developments have a twofold advantage: 

1. They can be carried out quickly and at little expense 
with limited resources in keeping with the present econo
mic status of Africa, without it being necessary to make 
use of heavy equipment which is not yet supplied to over
seas territories on a scale sufficient to meet all require
ments; 

2. The reclaimed lands can be occupied and worked by 
populations from the immediate area. Such "spreading" 
colonization does not raise the same difficulties on the 
political and social plane as the introduction of communi
ties from distant places. 

At present such small developments cover a few tens of 
thousands of hectares in Africa. Under the ten-year 
modernization plan, they will be increased to approxi
mately 500,000 hectares. 6 This is, however, only a first 
target and it can certainly be exceeded. Their importance 
is such that, in my view, they would justify conversations 
and exchanges of view between specialists in this type of 
work. In this connexion, the old rice-growing countries of 
the Asiatic monsoon countries have experience which 
should be taken into account and which may be useful as a 
basis for plans in Africa. 

PRINCIPAL ZONES FOR LARGE-SCALE RECLAC\IATION 

For the reasons I have just analysed, large-scale recla
mations incorporating vast territories in the same de
velopment scheme are feasible only if the territories are 
practically uninhabited. Once the density of population 
(which in the case of almost completely rural populations 
reflects the density of land occupation) reaches and ex
ceeds twenty inhabitants to the sq. km., the reclamation 
of single large continuous areas is impossible; reclamation 
must be sporadic. 

Bearing in mind the effects of erosion analysed above, 
I shall examine the possibilities of large-scale reclamation, 
first, in the low alluvial plains of the interior or littoral 
basins of rivers and streams, adapted to large-scale irriga
tion and drainage works, apart from the small works 
discussed above in occupied areas and, second, in the vast 
undeveloped eluvial soil formations in the forest zone. 

6 A study on rice growing in Africa is to appear in the near 
future in the review Agronomie Tropica.le. 

J.V! anagement of river-basins 
The management of the Niger is the responsibility of the 

~iger Office, a financially autonomous public corporation. 
Its purposes, in the words of its charter, are: 

(l) To develop the Niger valley by irrigation; 
(2) To carry out regulation works; 
(3) To settle lands reclaimed by irrigation and drainage 

works (chiefly in Sasanding, Sotuba and the lake region), 
and to carry out any studies and works connected there
with. 

The works carried out by the Niger Office in the central 
delta centre on the restoration of water to the defluents on 
the left bank of the river's old internal delta, which are 
now dried up; this is effected at the point of ramification 
(Sasanding) by means of a large dam completed in 194 7 
which has raised the upstream level of the river. 

The dcfluents, although well-defined, have a convex 
profile following ridges and can be used to flood large 
areas of the surrounding land by means of secondary and 
tertiary works, while the floodwater is drained by means 
of thalwegs between the arms (13). 

The Office is at present concentrating on the central 
delta of the Niger, the formation of which has been ana
lysed above: 17,000 hectares are now under cultivation 
and the further work in progress is planned to raise the 
rice-growing area from 11,000 to 38,000 hectares, and the 
cotton-growing area from 6,000 to 26,000 hectares. 

A study group has estimated the irrigable area covered 
by the Sasanding dam at approximately 450,000 hectares, 
bearing in mind that a minimum flow must be maintained 
for navigation during the low-water period. The possi
bilities for reclamation would be considerably increased by 
the construction of a great storage dam on one of the prin
cipal affiuents of the upper river (Nianda Valley) with a 
capacity of several thousand million cubic metres which 
would make it possible to raise the low-water flow con
siderably (scheme under consideration). 

The regulation of the Senegal has also been the subject of 
numerous studies. The first rice-growing area is in the 
process of being established in the transitional area be
tween the valley and the delta at Richard Toll. A recent 
mission has just re-examined the entire problem. Its pre
liminary conclusions which will have to be supplemented 
by detailed studies are summarized below: 

l. Because of the highly irregular flow of the river, the 
area of the valley that can be flooded may be estimated at: 

300,000 hectares (small flood). 
675,000 hectares (average flood). 
770,000 hectares (large flood). 
Only part of the area (200,000 hectares) is cultivated. 
2. Because of the river's small flow in the dry season 

(practically nil) the sea floods the main course and branch 
channels over great areas during several months of the dry 
season. These soils are practically unusable because of 
their salt content but their structures seem on the whole 
to be good and suitable for rice-growing. 

3. The regulation of the course of the river so that it al
ways flows at a rate of several hundred cubic metres a 
second would make it possible. 

(1) To drive back the sea and gradually to remove the 
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salt from the delta by irrigation thus making it available 
for rice-growing; 

(2) To develop most of the valley basins; 
(3) To produce hydro-electric power, if required, which 

could be used for pastoral hydraulic works (irrigation by 
pumping). 

The advantages to be derived from the general regu
lation of the Logone and Shari basin has not yet been the 
subject of a comprehensive study. A beginning has been 
made by a mission which took as the starting point for its 
investigations and preliminary survey a study of the 
phenomenon, the capture of the waters of the Logone by 
the Benue through the Lere ridge. 

Because of the geological structure of the upper basin, 
the alluvial plains of the "Chad Mesopotamia" are rela
tively fertile and fairly thickly inhabited. It follows that 
the reclamation areas do not stand out so clearly, at first 
sight, as in the case of the basins mentioned above. The 
same reservation is true of the low littoral plains of Mari
time Guinea, the Ivory Coast, Dahomey and the Came
roons. 

Lastly, there are immense unoccupied areas in the Con
go basin. The possibilities of reclamation by rice-growing, 
particularly in the savannas, would seem to be consider
able but studies have hardly been begun and it is still too 
early to estimate even approximately the area which 
might be used without prohibitively expensive regulation 
works. 
Equatorial forest zone 

The vast unoccupied zones lie chiefly in the west of the 
Ivory Coast and the east of the Cameroons and cover the 
immense territory of Gabon, the Middle Congo and the 
east of Ubangi. They offer only limited possibilities for 
agricultural settlement. The denuded soils are particu
larly vulnerable to degradation-because of the warm 
humid climate and violent rainfall. The growing of food 
crops on a seasonal basis (except for marsh rice) must 
remain extensive in character and include long fallow 
periods during which the secondary forest growth recon
stitutes the fertility of the soil, thus ruling out the possi
bility of dense settlement. 

These areas would also be adapted to plantations of 
hevea, coffee, cocoa, banana, oil palm, etc. which have the 
advantage of reconstituting forest cover to protect the 
soil. Most of these crops, however, would have to find an 
outlet on the overcrowded world market, and the scope for 
development that can reasonably be assigned to them, in 
view of the potential market, can be covered by the gra
dual extension of the indigenous plantations in the occu
pied areas of the equatorial zone. 

The output of the existing plantations could also be 
considerably increased by better maintenance, the use of 
fertilizer and a systematic campaign against the parasites 
by which they are ravaged. 

produces an enormous quantity of cellulose-a source of 
power and a raw material for many industries (wood 
pulp-wood hydrolysis). Modern forestry methods by 
rational rotation of cutting ensure continuous production 
without detriment to the soil or the vegetation. H.ecent 
advances in industrial technique also make it possible to 
utilize the greater part of the wood. 

l;p to the present the working of the equatorial forests 
has not been extensive, a matter still of skimming of the 
cream, taking from the soil only a few tons of timber per 
hectare and various picked crops. We are now in a posi
tion (powerful machinery reducing manpower require
ment, better understood regeneration techniques) to pass 
to a more intensive working of the forests, justifying large
scale modification of the economic infrastructure by the 
value of its products and confirming the use of these areas 
for forestry. 

Equatorial savanna zone 
The savannas cover several hundreds of thousands of 

hectares in the middle Congo between the southern boun
dary of the dense forest zone and the river Congo. 

They appear to enjoy a series of advantages guaran
teeing them a great economic future. 

Their development is facilitated by the fiat relief, the 
almost total absence of bush and the existence of a railway 
and watercourses. The soils, while not particularly fertile, 
have the initial advantage of good physical structure and 
an adequate humus content. They are suitable for nu
merous crops: groundnuts, soya, manioc, maize and 
various fibres. As they are practically uninhabited, they 
can be reclaimed without serious conflicts regarding land 
rights with the rural communities occupying them. 

The agricultural potentialities of the savanna regions 
are now being studied by two agricultural stations, Lou
dima for ::l"iari, and Onini for the Balake plateau. The pe
dological surveys and economic studies in progress are still 
not sufficiently advanced to determine exactly the direc
tion and ultimate scope of their development. 

It can be said, however, that in this equatorial climate, 
the fertility of the lands worked cannot be maintained 
without the addition of fertilizers, the cultivation of fertil
izer crops and a careful campaign against erosion in every 
form. 

ECOXO:IliC AXD SOCIAL PROBLEMS RAISED BY THE 

RECLAMATIO~ OF NEW LANDS 

General considerations 
The reclamation of new lands is not an end in itself but 

a means. It meets two objectives; the first: economic; to 
satisfy certain unsatisfied market demands, to create new 
demands and more generally to contribute to the ex
pansion of world economy; and the second: social; to 
raise the standard of living of the populations which will 
use the lands. 

The luxuriant forests of the equatorial zone "formed The reclaimed lands will, among other things, be areas 
slowly in the course of the centuries take little from the of prosperity for under-privileged rural communities which 
soil and live, one might say, on their own resources" (12). exist in a state of chronic poverty and malnutrition in 
They can maintain themselves and prosper on relatively their traditional habitat owing to the infertility or small 
infertile land. The permanent warm, humid climate main- area of the lands they use. 
tains intense chlorophydian activity which by synthesis Schemes and the lines along which they are used may be 
.of elements derived from the atmosphere (C02 and H 20) based on either of these aims. 
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They control the choice of crops and agricultural 
systems, within the limits of the agricultural potentialities 
of the land. 

The strictly economic objectives are generally attained 
more quickly as regards development and the return on 
the invested capital, by means of the greatest possible 
degree of mechanization of the farms, thus reducing the 
number of occupants. They presuppose the existence of a 
powerful basic economic substructure, making it possible 
to send machinery and various supplies to the developed 
areas and to remove all marketable crops. 

The ticklish problems raised by the colonization of lands 
are thus, if not removed, at least simplified. 

The food supply of the occupants, if provided on the 
spot, as regards essentials, by local crops, uses only a small 
area and if it is dependent on imported foodstuffs, the 
volume is small. 

The lands can be used almost in their entirety for export 
or food crops for which there is an excellent market. 

On the other hand such industrial exploitation of the 
soil, doubly dependent on external markets for supplies 
and for the sale of crops, is particularly sensitive to 
changes in the economic situation. 

The aims of settlement are to settle the greatest possible 
number of inhabitants and lead to greater emphasis on 
peasant methods of agriculture which restore in a new 
setting the firm links, sentimental and economic, between 
man and the soil, which are typical of rurallife. ''For the 
occupants it is a matter primarily of living on the land, of 
raising and bringing up their family on it, then of handing 
it on to future generations and closing their innings" 7• 

In these circumstances, agriculture is generally based on 
polyculture and combines agriculture and stock-raising in 
the traditional manner of mixed farming. 

If the land is unsuited for the production of animal or 
vegetable foodstuffs, export crops are possible, under this 
type of settlement, only if the food supply of the occu
pants is assured by other means. In such cases the manage
ment plans must provide for the development of export 
crop areas and areas with a surplus of foodstuffs co
ordinated in a unified productive system. 

This territorial division of labour involves a complete 
dislocation of the old family or village domestic economy 
and the interdependence on a continent-wide scale of 
different agricultural areas specializing in particular crops. 

This is possible only if the commercial organization and 
the means of transport available ensure that the flow of 
trade, both internal and external, will be maintained in 
all circumstances. 

It may be somewhat unfair to concentrate development 
and the modernization of productive equipment on 
privileged sectors, apparently to the exclusive benefit of 
the existing or immigrant population which takes part in 
it. But the activities of such centres of large-scale pro
duction breathe new life into the economy of the country 
in many ways and contribute to the prosperity of alL 

This policy is more effective and more profitable than 
one which, over preoccupied with equity, disperses its 
efforts on fragmentary, ill-coordinated and poorly-planned 

7 Andre Siegfried. 

works with limited resources, which in the end produce 
relatively little; one wears oneself out in delusive propa
ganda which leaves the persons concerned unmoved and 
even hostile. 

The aim of settlement is morally justified only if the 
resettled populations raise their previous standards of 
living in their new environment. This requirement rules 
out any system of agriculture which, for reasons of econo
mic autonomy or to safeguard the spiritual values in
her~nt in the peasant life, would only consolidate by im
proving an obsolete form of closed domestic economy 
practically dosed to trade. 

The farming conditions must be such that in the case of 
each occupant (type of crop, tools, animal and mechanical 
power, intensive cultivation, area of cultivated land avail
able) production greatly exceeds family needs and leaves 
a large surplus of marketable crops as a source of income. 

X or must the income be reduced by excessive charges 
for fmancial amortization retarding development and the 
working of the farms. 

The special object of settlement is therefore linked with 
an economic objective which is, however, quite different 
from that in the first case; the differences may be summa
rized in the following two economic balance sheets: 

First case: Imported industrial supplies-mechanized 
tilling of reclaimed soils (much machine power, little man
power) = large volume of agricultural products-few 
consumption goods imported. 

Second case: Reduced industrial equipment or supplies 
for tilling reclaimed soils-utilization of animal power+ 
dense population = less exported agricultural products+ 
more consumption goods imported by the population 
whose purchasing power is increased. 

Thus each country assesses the expediency of de
veloping the new lands at its disposal in terms of its econo
mic social and demographic position and shapes its activi
ties in the light of its interests, in one country emphasizing 
the economic objective, if full employment is a reality, and 
in another stressing settlement. 

In this connexion a number of countries may collate 
their requirements and possibilities, combine their objec
tives and co-ordinate or unite their resources in a joint, 
enlarged territorial field. 

In any case there is a fundamental problem-the 
marketing of the great crop surpluses which the reclama
tion plans would throw on the market. In the absence of 
assurances on this point, large-scale schemes would rest on 
a flimsy basis. 

Applications to Black Africa 
In the light of these generalizations, what is the position 

of Black Africa? 
Primary of economic objectives: The objective of pro

duction by mechanized agricultural enterprises employing 
wage labour is limited to a few rice-growing areas, areas 
growing oil-yielding crops and fibre-growing areas. 

The first are required as a rapid means of relieving the 
deficit of rice production for African consumption, the 
second because of the world shortage of fats and the third 
to meet the needs of the French Union. 

The rice-growing developments are located in large-
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scale reclamation areas. They are being carried out in the 
territory of the i'Jiger office and in the first areas placed 
under management by the Mission for the Regulation of 
the River Senegal. The Congo basin would no doubt be 
developed in the same way. 

Developments leading to the production of oil-yielding 
crops are chiefly concerned with groundnuts and are being 
executed under or by the Compagnie Ginerale des Olfagi
neux Tropicaux. They are situated in the Sudan-Guinea 
and the Sahel-Sudan individual reclamation zones and 
may possibly be introduced in the equatorial savanna 
large-scale reclamation zones. 

Because of the enormous oil-producing capacity of 
rationally managed modern elaeis plantations, in addition 
to developing the indigenous palm groves, it would seem 
advisable to plan the introduction of large plantations in 
areas with optimum conditions for the growing of this 
palm (Ivory Coast, Cameroons, Gabon, Middle Congo). 

Most fibre crops involving operations which cannot be 
mechanized cannot be of interest to this type of enterprise. 
An exception must be made, however, in the case of some 
soft fibres capable of mechanical cutting, peeling, shred
ding and retting (ramie, paka, roselle). Fibre develop
ments will be studied, sponsored and co-ordinated by the 
Compagnie des Textiles of the French Union. 

The same objections (inelastic demand for labour at 
harvest time) are valid in the case of coffee. 

The authorities concerned do not intend to expand 
enterprises of this kind growing export crops. Their prin
cipal advantage is that they are capable of speedy de
velopment but because they use wage labour, they form a 
rural proletariat of socially uprooted and detribalized in
digenes. Further before they are developed on a large 
scale, a study should be made of the behaviour of soils 
under intensive mechanical cultivation which are particu
larly subject to erosion if conservation measures, which 
are not yet perfectly developed, are not planned and put 
into effect. This danger, which is minimal in the case of 
under-water rice cultivation, is particularly serious in the 
case of dry crops. 

Primacy of social objectives: The principal land recla
mation schemes in equatorial and west Africa are moti
vated principally by the social objective of settlement. 
The developed lands are to form prosperous areas where 
populations living in wretched conditions in their original 
habitat, because of overpopulation or barren land, will be 
resettled. 

Africa would be particularly well adapted for settlement 
in the Sahel-Sudan zone. 

111 odernization of methods of working and density of occu
pation: It is commonplace to state that without the help 
of mechanical power to increase his output, the farmer 
cannot substantially raise his productivity and attain a 
higher standard of living. The question of productivity of 
labour requires particular attention in reclaimed areas as 
each farmer's production must be sufficient to enable him 
to pay his share of amortization charges on the develop
ment without adversely affecting his standard of living. 

In the classical mixed farming system, combining agri
culture and stock-raising on small peasant farms, me
chanical power, supplied through co-operative organiza
tions, is generally purely accessory to the field work (car
ried out by man-power or animal power)~for transport, 
processing of crops and the preparation of foods. 

A farmer in the extensive agriculture stage devotes al
most half his time to these occupations. The \vork saved 
is therefore substantial and if spent on the crops makes it 
possible to expand them if the land is available or to 
them greater care. But his mastery of the soil is still 
limited as the working capacity of tropical cattle is small 
(2 to 3 hectares) and from the point of view of the farmer's 
income, the situation is satisfactory only if rich crops, 
worked very intensively with all the refmements of mo
dern technique, yield a greater productivity from the soil 
per unit of area. 

Advances in animal breeding, particularly if they help 
to improve the food ration, also imply a more liberal util
ization of the soil's potential productivity in useful calo
ries. As regards the marketable surplus, they reach their 
full value only in developed countries with a high standard 
of living and a large percentage of non-agricultural in
habitants offering a large market for meat and dairy 
products. 

These requirements will be satisfied only in exceptional 
cases in the reclaimed areas of tropical Africa, given their 
remote geographical position, the type and value of 
possible crops, the natural fertility of the land and the 
behaviour of the cattle: in short "the possible produc
tivity" of the soil is limited. 

If the productivity of the farmer and therefore his 
personal income are to reach a desirable level, a system of 
agriculture based on the following factors is to be re
commended: 

1. The low productivity of the soil must be compen
sated by expanding the area each farmer cultivates by the 

If it is borne in mind that the development of reclamable more or less complete mechanization of field work. 
lands will under the most favourable conditions require a 
long period for preliminary study, the bringing into being 2. The rotation of crops must be such that harvests: 
of the general substructure and the subsequent carrying (a) Are sufficient for the family's own consumption 
out of basic agricultural works and, further if it is borne in on the basis of rational nutrition, including the 
mind that in Africa there are relatively densely inhabited necessary quantities of food for growth and pro-
zones ·with an expanding population frequently on in- tection; 
fertile lands, then it becomes obvious that these popu- (b) Produce rich marketable crops assured of a good 
lations are capable of gradually saturating the developed market in the local framework, to make it possi-
land without any need for resort to foreign populations, ble to accumulate funds for the financial amort-
and, in particular, settlers from other continents. Even ization of investments. 
supposing that additional settlers are necessary, it is still To make myself clear, what is proposed is not wholesale 
too soon to be able to assess the number or type required mechanization~which would have the effect of diluting 
and it may be suggested that the population of Korth human settlement to the extreme and to which moreover 
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some crops are not adapted-but to combine the two 
forms of animal and mechanical power, using mechanical 
power for the heavy work which animals cannot perform 
well. 

Animals are of undiminished importance for light field 
work, for supplying the farmer with meat and dairy pro
ducts essential for a balanced rational diet and for pro
ducing additional organic manure which cannot be wholly 
replaced by rotation with manure crops. 

On the other hand, the man-power requirement for 
operations which cannot be mechanized and which must 
be carried out in a limited period (rush periods) set a limit 
to the possible expansion of family holdings. 

The latter must be arranged in such a way that the 
periods of idleness which are the counterpart of the 
seasonal nature of agricultural work are reduced to a 
minimum by means of the two traditional palliatives: the 
development of handicrafts; and the temporary migration 
of man-power to supplement the local labour force at peak 
periods. . 

The following figures give an idea of the area a worker 
can handle, depending on the degree to which operations 
are mechanized, in the case of rice-growing: large planta
tion, entirely mechanized, 20 to 25 hectares; peasant 
holding, semi-mechanized, 5 to 8 hectares; peasant 
holding, using animal power, 2 to 3 hectares; and tradi
tional holding, using hoe, 0.51 hectare. 

Thus, the density of occupation of the reclaimed lands 
is dependent on their natural fertility, their potential 
productivity using the crops to which they are best suited, 
the technical level and the standard of living it is proposed 
the farmer should enjoy. It requires careful study in re
lation to all these factors which are interdependent. 

Agricultural modernization requires a remodelling of 
traditional peasant methods on lines facilitating the carry
ing out of work in common. The object of several of the 
sectors recently modernized in Africa in regions with dry 
or irrigated annual or perennial crops is in fact to bring 
this new agricultural structure, adapted to local condi
tions, to a higher technical, administrative and social 
level. 

At the same time, tractor stations are studying the 
peculiar behaviour of the tropical lands under mechanical 
cultivation, particular attention being given to the crucial 
problem of the maintenance of fertility by the combined 
use of manure crops and mineral fertilizers. 

It must be fully realized that at the present stage of 
development of most indigenous rural communities, rural 
modernization is inconceivable without the technical and 
financial assistance of the authorities. 

Such assistance may include the following arrangements: 
Government or semi-government undertakings are 

responsible for the management works, the settlement of 
the lands (if unoccupied), the general supervision of the 
upkeep and cultivation of the lands and, if necessary, for 
carrying out with their own equipment heavy field-work 
and work in connexion with the processing of crops. They 
have the technical and administrative staff required and 
manage the funds placed at their disposal for these pur
poses. They may seek the assistance of private under
takings in carrying out various works. 

Cultivation and upkeep are supervised through co
operative organizations of which all the settlers in the area 
must be members and which are empowered to make con
tracts on behalf of their members. 

These organizations collect dues in kind or in cash to 
cover the amortization of improvements in so far as re
quired and their own expenses and requirements. 

Alternatively, the development undertakings may with
draw when the areas are developed and the farmers' orga
nizations will assume responsibility for the maintenance 
and operation of co-operatively owned agricultural and 
processing equipment, the collection of dues and their 
payment, with the assistance of qualified staff paid by the 
co-operatives or placed at their disposal by the adminis
tration. 

This formula is attractive but in the present stage of the 
social development of African farmers and of their technic
al knowledge, agricultural modernization cannot, general
ly speaking, be carried out directly by such co-operatives. 

In fact, if the principles of self-management and of the 
collective responsibility of members which are the original 
feature of the co-operative movement and give it its high 
educative value are not to be mere fictions behind which 
the State exercises continued guardianship over the oper
ation of such societies, making them concealed public 
establishments, it is necessary: 

1. To allot them simple economic tasks or technical 
activities which their members are capable of under
standing; 

2. Only to form small groups with a limited number of 
members accustomed to co-operate in their traditional 
social groups. 

This is why it is necessary to set up special establish
ments to carry out the principal modernization works 
(land management and general works affecting the agri
cultural substructure, mechanical cultivation, preparation 
and processing of crops) which require large-scale enter
prises covering a fairly large number of rural communities, 
with a good deal of equipment and highly-qualified tech
nical staff. 

Problem of resettlement of populations: Rural popula
tions are to some extent in a state of equilibrium with 
their environment in their original habitat. Even if the 
sum of their experience is nothing but poverty as a result 
of the low productivity of the rural worker (whether the 
result of over-population or shortage of tools, poor lands 
or particularly severe climatic hazards) they enjoy the 
content derived from the unconscious feeling of con
forming with the environment and with tradition. More 
than the European, the uprooted indigene, transported 
into a new environment, feels that he is surrounded by a 
great vacuum and, even if in his new position he enjoys a 
higher standard of living, retains a nostalgia for his native 
land. 

The difficulties of acclimatization are all the more dis
concerting for him if he not only has to endure another 
climate and another environment but has to adapt himself 
to new untraditional types of field work. A skilled factory 
worker performs work with which he is familiar no matter 
where he follows his trade. The farmer on the other hand 
must almost always receive a fresh initiation in his trade 
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even when he grows traditional crops and all the more so 
when the crops are new to him. 

In this situation, one may lay down some requirements 
for the success of settlement schemes. These may seem 
commonplace but failure to recognize them is at the root 
of many failures. 

It should not be necessary to restate the fact that any 
plan for the development of new lands implies a pre
liminary phase during which qualified experts must carry 
out studies to determine: 

I. The agricultural use for which the land is adapted 
(pedological and ecological surveys); 

2. The reasons for which they have not yet been utilized 
(social and economic surveys; unhealthiness, inadequacy 
of means of transport, inadequate technical resources, 
technical ignorance of the local populations, land tenure 
system not favourable to farmers); 

a. Means of ensuring the most effective development 
(choice of crops, improvement of agricultural techniques}; 
study of this point may lead to the preliminary establish
ment of local research stations; 

Once this ground has been covered, the following pre
cautions are essential: 

1. So far as possible general developments and drainage 
work must be carried out with highly mechanized equip
ment so that in this preliminary stage man-power require
ments are reduced to a minimum. The labour employed 
must have good hygienic living conditions. 

2. The transplantation of isolated individuals must be 
avoided. Entire families which are really volunteers and 
anxious to improve their lot should be brought in. They 
must be grouped by villages of origin so as to transplant 
village communities which will quickly re-create in their 
new home a setting recalling their traditional life with its 
succession of customs, occupations and ritual feasts and 
which are organized under genuine religious or social 
chiefs, recognized by the immigrants and accepted by 
them. This resumption of village life must be facilitated 
by every means in our power. 

3. This traditional setting which reduces nostalgia for 
home must be reconstructed materially by reproducing 
the arrangements of the settler's native village, with 
dwellings of the same type, so far as sanitary and technical 
requirements permit. 

Each family must be given untrammelled possession of 
a garden as near as possible to its living quarters. 

4. Progress should be slow at the beginning; settlers 
must be given time to acclimatize themselves before in
viting new contingents which on their arrival will receive a 
favourable impression from the first comers. 

5. Close contact must be maintained with home districts 
and journeys to and from the settlers' old homes must be 
facilitated. 

detail. The following remarks will give an idea of its com
plexities: 

1. The more stable and sedentary the system of agri
culture, the more the concept of individual land ownership 
and the almost sentimental attachment to the soil which 
accompanies it seem to take root in the minds and hearts 
of farmers; this is particularly true in densely populated 
rural areas. 

2. While the farmer is not always greatly attached to 
his ownership of the land, he values his independence as a 
farmer and tries to retain complete ownership of his crop, 
the direct fruit of his labour, while not reluctant to carry 
out certain works in common in a co-operative spirit. 

The tribe has a kind of eminent right over the land of 
the territory traditionally reserved to it, and the bounda
ries of which it watches jealously, quick to note any en
croachment by neighbours. 

The village headmen divide the land between families 
taking into account, to some extent, the number of 
workers in them or the number of mouths to be fed. 

Each family cultivates the plots assigned to it in its ovvn 
way, conforming generally to the general instructions of 
the headman. The crop is its own property, with the ex
ception of a tithe payable to the village headman, who 
administers it more or less as a reserve stock. 

The individual family's ownership of the soil is unstable 
and ceases when the land is no longer used although it may 
happen that all the lands used during the forest rotation 
of crops by one family are temporarily its property. 

The family also enjoys the perpetual usufruct of the 
garden plots attached to the village houses. 

The headmen assign larger plots to themselves and have 
them cultivated bv the tribesmen. Part of the harvest is 
kept at the dispos~l of the village and divided between the 
families according to their needs. 

3. As a general rule, the question of the common owner
ship of tools does not arise as native agricultural methods 
do not require tools which cannot be acquired by each 
farmer (with the exception of the borrowing or hiring of 
cattle). 

4. A more advanced form of collective farming is found 
on the headmen's land worked by the tribesmen in the 
manner described above. 

The reclaimable zones are generally vacant, ownerless 
lands forming part of the private domain of the State. 

If their development and utilization are entrusted to 
private enterprises, after being purged of customary 
rights, they form the subject of land concessions. After 
complete development as required by the terms of the 
concession, the concession confers outright ownership of 
the land. This appropriation of land may lead to serious 
criticisms, chiefly on the part of local political assemblies, 
when large territories are involved and in this case prefer
ence is generally given to the assignment of a long-term 
lease coupled with special agreements. 

6. At the beginning a diet approximating to that in the 
settler's home village must be maintained,even if it cannot 
be satisfied by local products; new foodstuffs must be in
troduced into this diet gradually. 

When the developments are carried out by State or 
parastatal organizations (Niger Office) and then used for 

Land temtre-status of developed lands: In Africa peasant settlement, the reclaimed lands are registered in 
methods of land tenure are infinitely variable. In this the name of the French State and farmers holding family 
paper there can be no question of analysing the subject in plots receive, after a probationary period of several years, 
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a life-lease which is purely personal, which may not be 
alienated or made subject to distress proceedings. It may 
be transmitted to the holder's relatives in the descending 
line. 

In some cases agricultural requirements may make it 
necessary to break up the system of family plots and in
stitute a veritable working of the land in common. The 
workers' rights to the crop (and methods of sharing) are to 
receive careful study in pilot undertakings now being set 
up. 

FINA"'CIAL ASPECTS-ADVANTAGES AND COSTS~~-PROFITS 

FROM WORKS 

The opportunities for the reclamation of new lands 
which I have analysed go far beyond the schemes in
cluded in the Plan for the Modernization of Overseas Terri
tories. Before any specific agricultural action is taken, 
they would require the expansion of the general economic 
substructure (ways of communication, means of transport 
etc.), the cost of which cannot be estimated but would 
certainly be large, among other things, to open up the 
Niger basin, the Logone Shari basin and the central por
tion of French Equatorial Africa. 

Similarly, no estimate can be given regarding agri
cultural investments for general development (substruc
ture) and for the buildings and equipment required for 
farming. Each project demands close study, but in view 
of the crops envisaged (rice, cotton, various fibres, ground
nuts, etc.), their commercial value at the places where they 
are harvested, far from consumption and export centres 
and the output expected, under the best conditions of in
tensive agriculture, it is not certain that the normal 
return on the two types of investment (basic and operating) 
would be assured in every case. 

The advantageous position of certain crops (chiefly oil
yielding) connected with exceptionally high prices as a 
legacy of the war is only temporary and is beginning to 
collapse. 

The uncertain return on agricultural enterprises and the 
difficulties and expense of transport make the processing 
of crops on the spot a necessity in order to make the maxi
mum profit from them, to reduce transport charges, to 
return waste products to the soil and to combine the 
generally higher profits attaching to industrial under
takings with the agricultural operations. 

The financial position of undertakings growing the (eco
nomically) rich tree crops of the Equatorial zone would be 
more satisfactory (coffee, palm-oil, rubber, etc.). Such 
enterprises have resulted in a special form of industrial 
agricultural enterprise, employing paid labour, which be
fore the war made a considerable contribution to the pros
perity of European possessions in Indonesia. However, I 
have indicated that the place allotted to most crops of this 
kind in a programme for the reclamation of new lands 
must be somewhat limited because the requirements of 
the great consuming countries are not capable of indefinite 
expansion and also because they develop an agricultural 
proletariat. Moreover, the wage-rate of the labour al
though assuring a standard of living higher than that of 
the mass of the rural population engaged in traditional 
agriculture is still low. 

The raising of such wages to a more equitable level may,. 
moreover, at a later date, jeopardize the financial position 
of these enterprises as against competing small native 
plantations. 

Rising wages are already necessitating an advanced 
degree of mechanization and new technical improvements 
in order to reduce production costs to the minimum. 

It is not therefore surprising that private capital should, 
generally speaking, show more interest in the much more 
lucrative and certain activities of the industrial and com
mercial sector. 

Thus, if the object was to find profitable investments, 
most of the land reclamation schemes would be rejected 
or, what is just as serious, it would be impossible to satisfy 
the financial requirements except at the expense of the in
comes of the farmers who would have been freed from 
being slaves of nature to become slaves of capital. 

The precedent of the TV A has drawn attention to <L 
form of organization which places the planning and carry
ing out of all economic, social and technical schemes re
quired for the total development of all the agricultural 
and power resources of vast territories, notably of large 
river-basins, in the hands of a single administration, which 
itself is an emanation of the public authorities. 

There is room in Africa for schemes of this kind. 
The Niger Office follows these lines and it need only be 

given the necessary resources to create rapidly the vast 
area of rural prosperity which it has only begun to build. 
Other establishments might be created elsewhere in other 
regions of Africa. 

If reclamation programmes are to be on a scale adapted 
to the needs of the under-privileged populations of the 
tropical zone and of the potentialities of modern techni
que, massive financial support is required. It must be 
conceived in a spirit of national or international co-oper
ation on conditions which free the cultivation of the soil 
from the financial burdens which would be excessive in 
relation to the income it might produce (1); it would be 
primarily a work of relief which will be fully justified and 
rewarded by the economic expansion to which it leads and 
the improvement of the standard of living of these popu
lations. 8 
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Relation to Land Use 

ABSTRACT 

A million people are hemmed in by tsetse fly. Overcrowded conditions have led to serious deterioration of the pro
ductivity of this land. The standard of the people has improved at the expense of the land. This standard cannot be 
maintained indefinitely under the existing deplorable conditions. Four districts comprising Sukumaland with their 
own teams of extension officers have a group of technical experts at Development Headquarters to do the big works for 
them. These comprise water supplies, bush clearing to open up new land and major rehabilitation works. This De
velopment Team has mechanical units to assist the people. The problem is looked at as a whole and is ultimately co
ordinated by the provincial heads of departments. A more positive economic emphasis has been given to the scheme by 
financing the provision of additional staff from cotton profits to introduce better methods of crop and animal husbandry 
on a much wider scale than before. Experiments in mechanized farming on African holdings are being inaugurated. The 
cultivator is being offered: 

1. Virgin land and grazing, water and fuel for those who resettle. 

2. Increased yields per acre of all crops whether on new or old land, and better stock. 

But his co-operation is required. Assistance to this end is provided by a strengthened system of local government 
comprising fifty African Chiefs and their million people. 

Federation Headquarters and Development Headquarters are located at the same place. It is an experiment in 
co-ordination. 

INTRODUCTION 

The land of the Wasukuma, which is composed of four 
administrative districts, embraces the whole of the south
ern shore of Lake Victoria, extending southwards for 150 
miles. In the east and west its boundaries are contained 
by the tsetse fly, and to the south live the Wanyamwezi, 
an allied tribe living under much the same conditions as 
the Wasukuma. The rainfall varies from 28 in. to 38 in., 
most of it falling in six months of the year. Intrinsically 
the soils are of moderate to high fertility. There is 10,000 
square miles of what is termed "cultivation steppe", 
densely inhabited, gently undulating open country, al
most bare of trees. The concentration of people and stock 
under almost static conditions of farming without the 
concomitant adoption of better farming methods has led 
to very serious erosion and deterioration of arable and 
grasslands. There are over 2 million stock units kept by 
60 per cent of the 150,000 families; the tribesmen are 
more cultivators than pastoralists and ox-ploughing is 
still an uncommon though increasingly popular practice. 
A good description of the factors of production in Sukuma-

teen cattle and ten small stock which (at 5 small stock 
equalling one stock unit) equals sixteen stock units which 
produce altogether sixteen tons of manure per annum. 
This manure is enough to manure 8 acres every other year 
which is 1 acre more than the average acreage of arable 
for Sukumaland; but the stock require 2i acres each of 
pasture (the average for Sukumaland is 2! acres). Thus 
the optimum holding per homestead is 36 acres plus 8 acres 
of arable equals 44 acres equals fifteen homesteads per 
square mile equals 105 people per square mile, say, one 
hundred. Three miles is regarded as the longest practicable 
distance to walk to water. So in an area of about 30 
square miles that would be five hundred homesteads 
equals 8,000 stock. Five gallons of water per day needed 
for 120 days (August to November) for the stock and 
population in this 30 square mile unit equals 5 million 
gallons, a figure which must be doubled to 10 million 
gallons to allow for evaporation, for 500 homes in 30 
square miles. 

OBJECTIVES 

land is conveyed by the "Sukumaland Equation" which The productivity of Sukumaland will diminish at an 
succinctly epitomizes what is and also what could be. accelerated rate if the present situation remains un-

In one homestead there are on the average two tax- altered. The land can produce good stock and crops pro
payers or a total of seven people with an average of four- viding it gets the proper treatment. There may be some 
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good reasons for the Africans' view that the land must be 
laid bare in order to eliminate vermin, birds, tsetse fly and 
tick. It is for experiment to determine whether there can 
be a compromise between the preservation of adequate 
forests and the reduction to reasonable numbers of vermin 
and birds and the destruction of tsetse fly, and also as 
between the reservation of grass and the control of tick. 
Over the last three years about 80 shillings per taxpayer 
has been the annual return from the sale of surplus 
natural products. The general objectives of any scheme of 
this nature must be the improvement of the standard of 
living of the inhabitants, which in turn depends on the 
condition of the land upon which they live. The other 
main objectives are as follows: 

1. The spread of people and their stock into areas at 
present unoccupied under conditions which will preserve 
the fertility. There are at least 4,000 square miles avail
able. 

2. The provision of water and fuel supplies to facilitate 
the above. 

3. The rehabilitation of the old lands, facilitated by 
reduced pressure as a result of (1) above, principally by 
applying more intensively and speedily the methods of 
soil and water conservation and manuring which have 
proved efficacious. 

4. The introduction of mechanical aids for digging 
water supplies and ploughing the Africans' lands, without 
upsetting the present system of peasant-holding (usufruc
tuary land tenure). 

ORGANIZATION 

In the past such development as took place was under
taken piecemeal by individual officers of interested de
partments without an over-all plan. It was considered 
that a scheme for the development of Sukumaland must 
be properly planned and directed by a team of experts 
with their own headquarters and equipment and suitable 
liaison arranged with the four administrative districts and 
50 chiefdoms of which Sukumaland is composed. This 
was facilitated by the federation of the smaller Native 
Authority Federations within the districts into one big 
Federation (with its Native Treasury), and by appointing 
a Deputy Provisional Commissioner to co-ordinate the 
financial and the political affairs of the Federations of the 
different districts through their respective District Com
missioners. This move was also, of course, politically ad
vantageous. 

The team of experts was set up fifteen months ago and 
comprises the. Deputy Provincial Commissioner and quali
fied Officers of the Agricultural, the Forestry and the 
Veterinary Departments, assisted by European and 
African technicians and clerical staff. Water operations 
are largely guided by the Water Development Depart
ment. The Provincial Committee has a Natural Resources 
Sub-Committee comprising the Provincial Commissioner 
and the local representatives of the Natural Resources 
departments. This Committee controls the policy of the 
Development Team on the one hand and the various 
District Teams on the other. The function of the District 
Team is principally extension work. They make recom
mendations to the Development Team such as the annual 
programme of new water-supplies required. The advisory 
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Committee and Full Council of Chiefs of the Sukuma 
Federation provide a forum for discussion by all con
cerned. The Development Team is financed principally 
from the Agricultural Development Fund. 

Many of the agricultural methods practised are, and 
will continue to be, the result of experiment at the two 
annual crop stations of the Province, Ukiriguru and Luba
ga. A stock farm has been established for the same pur
pose at Sukumaland headquarters, Malya, which is both 
the centre for the Development Team and for the Council 
of Chiefs. 

METHODS 

The problem can be divided into two-redistribution 
and rehabilitation. The former involves the removal of 
people from the overcrowded areas into country which is 
either waterless andjor. tsetse-infested, and the latter 
necessitates the reorganization of existing agriculture on 
better lines. Redistribution initially requires the maxi
mum co-ordination between the Development Team and 
the Water Development and Tsetse Reclamation De 
partments. Rehabilitation requires co-ordination with 
the District Teams. As regards redistribution, emigration 
is not new to the Wasukuma. For they are a restless tribe 
though this does not apply so much to the lake-shore 
dwellers, but naturally they like moving of their own 
accord. Experience shows that water is the touchstone 
and unless the tsetse fly is particularly obstinate a new 
water supply will set a movement going. Stock are left 
behind at first and move slowly up behind the tsetse front. 
Some soil-moving mechanical equipment is available to 
assist in the excavation of water supplies particularly in 
the fly areas. 

It is intended to divide new settlement areas into 
parishes of 5 square miles suitable to accommodate the 
requisite number of people. The Native Authorities will 
be responsible for the control, and will probably appoint 
Land Bailiffs to do it. Each block will have 10 per cent of 
land left under forest. A settlement framework will be 
laid out, that is to say, roads will be defined, both vertical
ly down the slopes in the farm-land to facilitate transport 
of produce and manure and along the contour for main 
access. Settlers will be encouraged to lay out their lands 
in length along the contour rather than downhill, to 
facilitate ploughing, but this will not be easy, for care must 
be taken not to upset the existing land tenure in any way. 
Grazing reserves will often be defined as well. Large 
expanses of low-lying grassland will be excluded from the 
calculations regarding densities in the new villages. They 
will offer some opportunity for developing ordered ranch
ing by large cattle owners, and this may attract them from 
the over-stocked areas. 

As regards rehabilitation, water supplies are needed in 
the occupied areas both for domestic purposes and to re
duce movement of stock to distant supplies. Staff is the 
principal controlling factor in this reconditioning work 
and also to some extent, the thinning out of population. 
Owing to this shortage of staff and to the size of the 
problem, rehabilitation is only undertaken by the De
velopment Team by means of pilot schemes in limited 
areas, where the intention is to push the work forward to 
its end-point, well in advance of the rest of the country. 
District Teams may also have pilot schemes. 
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Whilst no permanent reduction in stock is desirable, the 
land must be given some rest until ways have been found 
of maintaining pastures in their original good condition. 
This applies equally to the arable land. Neither new culti
vation methods, nor new varieties of crops nor organic 
manure can give maximum benefit or really alleviate the 
position until there is enough land for resting. Resting 
land provides grass; and grass in some degree improves 
fertility, increases food for stock and is a soil-conservation 
measure in itself. 

The land must be rested by moving off it some of the 
population and stock. It is hoped to move the people by 
orders through the Chiefs, and to move the stock by pro
gressive culling and by the movement of the people with 
the stock. There are areas with insufficient stock to pro
duce the manure required. Arable land vacated in the 
process of thinning out will provide pasture for additional 
stock. There are over-stocked areas where the stock 
themselves are not given a chance. As there is a hap
hazard rotation with grass, deteriorating pasture in the 
long run means deteriorated arable land. This point of 
view is not yet appreciated by the African. 

PROGRESS 

The headquarters of the organization is complete with 
excellent workshops and stores, and a Chiefs' Council 
Chamber. Many of the problems have been broadly sur
veyed by the Development Team, some have been probed 
in greater detail. Sites for water supplies have been 
examined with the assistance of the Water Development 
Department. Mechanical equipment is gradually being 
gathered together and tested under different conditions. 
Pilot rehabilitation schemes have been started and some 
subordinate African staff trained for the work. Numerous 
small forest reserves have been demarcated and affores
tation begun. Experiments are proceeding on the most 
economic and efficient methods of afforestation. 

The absence of topographical maps for many parts of 
the area has necessitated compass surveys to provide 
sketch maps. The position of most of the 700 miles of bush 
edge has been located on maps and the boundaries of 1,000 
villages have also been marked. Densities of stock and 
population in these villages have been recorded. Legis
lation has been passed by the Federation Council to pro
vide for three classes of village: 

1. Closed: overcrowded with stock or people or both. 
2. Open: below optimum density which as will be seen 

from the equation is about 100 per square mile. 
3. One-in-one-out: this class of village has the optimum 

density which should not be exceeded but where emigrants 
may be replaced. 

Much consideration has been given to ways and means 
of thinning out the population and stock. The Natural 
Resources Ordinance now gives powers for this to be under
taken under certain circumstances. Land will be prepared 
for immigrants in different localities to allow them ample 
choice. 

DIFFICULTIES 

The Development Team has been in residence for 
fifteen months, but has been greatly handicapped by 

having only two of the seven Field Officers needed. The 
fact that the crawler tractors have not yet arrived means 
that the digging of water supplies has been delayed. There 
are two other serious bottlenecks; the slow build-up of 
staff both in the Water Development and the Tsetse Re
clamation Departments is holding up survey work. 

There is no real solution to the problem of how to keep 
down stock numbers in a village in which the numbers of 
the human population are regulated. Annual censuses 
with an order to market any stock which exceed the num
ber laid down at the time the settlement was opened is the 
first possible approach to the problem. There are obvious 
disadvantages; for instance there can be no new cattle
owners unless the figure is below the maximum. The 
Development Team is often asked what they will do when 
the 100 people per square mile become 150 by the increase 
in births, and there is no more land into which to expand. 
The answer is that it is hoped that the better methods 
adopted will allow the land to stand the extra pressure. 

I~CREASED PRODUCTION 

Since the inception of the scheme it has become more 
and more clear that unless the staff in the District Team 
which instructs the people in better cultivation methods is 
greatly strengthened, the scheme will become unbalanced, 
as greater acreages will be occupied by new settlement 
without any concomitant increase in extension staff. A 
more positive economic approach is required. It is known 
that great increases in the yield of crops can result from 
the adoption by the cultivators of the proved cultivation 
methods and strains of seed recommended by the Agri
cultural Department. Greater impetus will be given to 
these methods in view of the fundamental developments 
being undertaken by the Development Team. In addition 
the time has come for the testing out of the use of agri
cultural machinery in African agriculture on the varied 
and by no means tractable soils of Sukumaland. 

Profits from the sale of cotton by Government have 
accrued to the Agricultural Development Fund in the 
past, and that Fund is largely responsible for the half 
million pounds voted for the Sukumaland Development 
Scheme. In future those profits derived from Sukumaland 
will be put to local agricultural purposes including the 
provision of 14 European agricultural assistants, 400 
Africans and a unit of 3 tractors and ancillary cultivating 
equipment. The staff is to be concentrated on smaller 
areas than has been possible in the past and by sheer 
weight of numbers should be able-together with existing 
staff-to introduce new methods more speedily and 
effectively. 

The attention of the staff is to be directed to general 
rehabilitation with particular regard to cotton and food 
crops. It is estimated that there can be an increase from 
35,000 bales to an average of 70,000 bales of cotton within 
five years. There will also be an accompanying but smal
ler improvement in the yield of food crops. The principal 
measures to be pressed are manuring, the making of more 
manure, tie-ridging (i.e., basin-listing) of all crops on light 
land, planting at the right time, better cultural treatment 
and rotation of grain with cotton or cassava or grass. All 
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these measures are known by experiment to give benefit. 
Better strains of cotton, cassava and rice are also being 
multiplied. 

It is expected that the successful introduction of tractor 
plough units will result in the early planting and better 
cultivation of all crops, principally because a greater 

acreage can often be dealt with early in the season, thus 
enabling more attention to be paid to other fields which 
are cultivated by hand. Cultivation and planting by 
machine should result in much better yields compared 
with the indifferently prepared seed beds and careless 
sowing of hand cultivation. 

The Development of New Rice Lands Malaya • 1n 

F. H. ALLAN and E. J. H. BERWICK 

ABSTRACT 

Malaya is a land of tropical rain-forest and not so suitable for rice growing as lands with a monsoon climate. Further
more, rubber growing and tin mining are more lucrative occupations. 

In 1930 a Committee was formed to consider how to encourage rice cultivation and as a result many potential areas 
have been surveyed; schemes have been prepared and a considerable number have been completed or are now under 
construction. 

When colonization starts an Advisory Committee is formed to co-ordinate the work of all departments. Plans are 
produced by the Irrigation Engineer and the whole layout is carefully planned and sites for future schools, dispensaries, 
mosques and rice mills located. The size of the holdings is also decided. 

Colonization takes place in stages and to overcome the lack of ready cash, a grant of about £6 is made per acre 
planted with rice. Holdings are given out at first on temporary licence and only when the area is cleared and planted 
is a permanent title considered. This is tied to a smaller holding in the dry land where the settler can build his house 
and grow tree crops. 

In spite of the occupation of Malaya by the japanese in 1942-45, some 100,000 acres of land have been colonized 
since 1931 and there are now flourishing schemes producing rice, fish, and rubber, with many secondary crops such as coco
nuts and fruit trees. 

Malaya is essentially a land of tropical rain-forest, with 
its rain more or less evenly distributed throughout the 
year. Conditions in such lands are less suitable for rice 
cultivation than they are in those which have a monsoon 
climate where the rice is planted when the rains break, and 
the crop is ready for harvesting when the fields become 
dry. It is, however, an ideal climate for certain tree crops, 
especially rubber, and it is a continual struggle to en
courage the inhabitants of ::Vfalaya to produce enough rice, 
their staple diet, in the face of more remunerative occu
pations such as the growing of rubber or the mining of tin, 
especially as, in normal times, rice is obtainable in large 
quantities and at cheap prices from Malaya's near neigh
hours, Siam and Burma. 

Prior to 1930 rice-growing on any extensive scale was 
confined to the northern parts of Malaya and except for 
the Krian Irrigation Scheme, depended mainly on direct 
rainfall on the rice-fields with consequent serious loss of 
crops in dry years. The acreage under cultivation 
amounted to 603,000 acres. 

As early as 1930 His Excellency the High Commissioner 
appointed a Committee to consider "What are the best 
steps to be taken in order to encourage rice cultivation in 
Malaya". Its report was published in 1931 and one of its 
many recommendations was "that an organization is re
quired which will be in a position to suggest schemes to 
the Governments and which will not wait until schemes 
are suggested to it before the initiative is undertaken. In 
fact, the initiative should be in the first place with the 
irrigation authority and not with the various Govern-
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ments. It should be the role of the latter to decide as to 
the desirability of undertaking schemes when they have 
been suggested." The Drainage and Irrigation Depart
ment was formed on 1 January 1932 to be the irrigation 
authority. 

To finance the collection of hydraulic data and the sur
veys necessary to enable the Department to carry out the 
preliminary investigations of potential areas, the Federal 
Government has supplied special funds each year. Irri
gation projects, like other engineering works, can only be 
executed with confidence and accuracy and will only serve 
the intended purpose if, in the initial stages, the essential 
preliminary surveys and investigations are carried out and 
sufficient technical study is given to the problem. 

Contrary to public opinion, Malaya does not contain 
vast areas which can be transformed into rice-lands by the 
felling of jungle only. The Department has by general ob
servation selected a number of potential rice-growing 
areas throughout the country amounting to 600,000 acres 
and these are being investigated one by one as funds and 
staff are available; there still remain two or three large 
areas to be investigated and many small ones. The areas 
selected are generally situated in Forest Reserves and the 
Forest Department before agreeing to their diversion ar
ranges for these areas to be exploited for their marketable 
timber before construction starts. 

The steps required to produce a sound rice-producing 
scheme are varied and many. It is necessary to ascertain 

general survey and levelling, whether the land is physi
cally capable of being irrigated and of retaining water on 
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its surface. This entails the cutting of lanes through the 
jungle usually half a mile apart to enable a grid of levels 
to be taken over the whole area. This survey is usually 
very arduous as the areas are generally swampy and the 
surveyors work in mud and slush, often up to their knees. 
At this point the Agricultural Department takes soil 
samples in the lanes to find out by soil analysis if the soil is 
suitable for wet rice cultivation. At the same time it is 
necessary to ascertain, by rainfall measurements and river 
gaugings, that an adequate supply of water will be avail
able for irrigation, and by flood measurements, to as
certain the magnitude of the normal floods in order to 
design headworks structures and flood prevention works. 
It is also necessary to ascertain the drainage facilities re
quired to enable the crop to ripen and be harvested. These 
investigations may take two or three seasons to complete, 
depending on the staff and funds available for this pre
liminary investigation. 

When the main features of a scheme such as the position 
of headworks, canals, subsidiary controls and channels, 
the location of access roads, and the high ground available 
for housing and the cultivation of permanent crops such as 
fruit and rubber trees have been decided, further surveys 
and borings are normally necessary to enable construction 
quantities to be estimated. If all these investigations 
prove satisfactory the provisional scheme is submitted to 
the Government for its approval. When approval is re
ceived and funds provided, construction starts with the 
building of the headworks, and the felling of jungle along 
the caned reserves and their excavation by dragline exca
vators; the construction of subsidiary irrigation and 
drainage structures follows in their proper sequence. 

Since construction proceeds ahead of colonization, the 
men felling the jungle lanes, the excavator crews and the 
supervising staff all work under trying conditions in 
swamp jungle. The prevailing environment is one of mud, 
with mosquitoes, and flies and leeches as minor irritants. 
The mud increases the difficulty of employing mechanical 
equipment but a technique has been devised which per
mits the use of dragline excavators. Construction of the 
irrigation works may take three to five years to complete. 
As the earthworks of the canals dry out these become 
the main access paths for the colonists when they come in 
to fell the jungle on their land. 

When colonization starts, many other departments be
come directly concerned in the development of the new 
rice area and a District Drainage and Irrigation Advisory 
Committee is formed to co-ordinate the local activities. 
This Committee is composed of the Administrative Officer 
as chairman, a Colonization Officer who is normally an 
officer of the Administrative Service seconded to control 
the recruiting and settlement of colonists, the Drainage 
and Irrigation Engineer who is in executive command of 
the area, the Agricultural, Co-operative, Education, 
Health Officers and the Public Works Engineer and, as 
the scheme grows, representatives of the rice-growers 
themselves. 

Plans showing the general layout of the scheme are 
produced by the Irrigation Engineer and the Committee 
has to decide the position of future schools, dispensaries, 
mosques and rice-mills and to plan the area as carefully as 
any urban planner. One of the Committee's first duties is 
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to decide the size of each holding and the proportion of 
irrigable land for rice to dry land for housing sites and tree 
crops, to be given to each settler. At present each settler 
is given three to six acres of irrigable land and one to two 
acres of dry land, but with the possibility of mechanical 
cultivation of irrigated and dry land crops, the allocation 
is constantly under review. The division of rice-fields is 
done provisionally by the Drainage and Irrigation De
partment and later when the land is cleared, the Survey 
Department puts in the permanent boundary stones. 

Colonization normally takes place in stages, with 5,000 
to 10,000 acres being opened at a time. Within each pro
ject there is a series of canals and in general as the settlers 
are recruited, they are concentrated in areas along these 
canals under the headman of the district from which they 
come. The first settlers usually come from nearby and, if 
they are satisfied with the scheme, there is little difficulty 
in obtaining further settlers; since the reoccupation, 
colonization has overrun irrigation on one scheme due to 
delay in the delivery of mechanical equipment. 

Lack of ready cash is always the first trouble to arise 
and to overcome this a grant of £5.16.8 per acre planted 
with rice is provided by the Government. This grant, 
however, is not given as ready cash but as credit in a local 
shop selected by the Government, but a recent develop
ment is for part of the money to be given to one of the 
headmen who starts a shop on co-operative lines. It is to 
be hoped that this idea of co-operation, helped as it is by 
government finance, will blossom into such projects as co
operative rice-mills, community centres, etc. 

Settlers coming from a distance are provided with 
transport for their families and household goods and on 
arrival they are housed in a transit camp. Here they are 
given a book in which their purchases in the selected shop 
are entered, and they are shown their future holding. In 
order to concentrate on the production of rice, they are 
given, in the first place, their three to six acres of irrigable 
land on a temporary licence, permanent titles and a 
holding on the dry land being given two to Jour years later 
when the hard work on the rice areas has been completed 
and it is certain the settlers intend to remain in the land. 
They then clear a small patch on their land and build 
temporary houses of jungle poles; anything they may 
require that cannot be obtained from the jungle is bought 
in bulk by the Colonization Officer and sold to them at 
cost price. 

After ten days or a fortnight their house is complete and 
the felling of the jungle starts in earnest. This may be 
done by each individual felling the trees on his own lot, 
but more often the settlers work co-operatively under 
their headman to ensure uniform felling and consequently 
a good "burn". After this they return to their own lots 
and heap the remaining timbers round the standing 
stumps of the larger trees, which are then burned. 

In the early stages of an irrigation area, water control is 
bound to be difficult. The settlers are therefore encouraged 
to try to get a catch-crop of maize or dry padi on the 
higher areas of their lots before levelling the remainder so 
that when water is available, a crop of wet rice may be 
obtained. For this rice seed, either grown by the Agri
cultural Department or purchased by the Colonization 
Officer on its recommendations, is provided free. 
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Rat Destruction Assistants are recruited by the Agri
cultural Department to give advice in the controlling of 
rats which are always the major pest in new areas where 
there are large quantities of lying timber. Zinc sulphide, 
which is found to be the most effective poison in these 
areas and which is supplied free, keeps the damage down 
to a minimum. 

When water control becomes settled, mud-fish which 
thrive in irrigated rice-fields and which often produce al
most a third of the rice-planters income, are introduced. 
Each settler is encouraged to dig a small fishpond near the 
outlet from his rice-field so that when the field is drained, 
the fish are trapped in the pond, caught and dried for sale 
in the local market. 

When the rice area is established the holdings are given 
to the cultivators on permanent titles; they are also given 
holdings on the dry-land belt and these are tied to each 
other to prevent the sale of either lot separately. Separate 
sales would frequently happen if control was not exercised, 
with resulting encroachment of houses and trees in the 
irrigable areas. An agricultural station is established on 
the dry-land belt some three years previously so that a 
supply of rubber budwood, budded fruit trees and im-

proved strains of poultry will be available, when the time 
comes for the settlers to plant these holdings. 

A dispensary and dresser are generally provided in the 
transit camp and so are available from the start. Although 
most of the new areas suffer from lack of all-weather roads 
due to the expenses of obtaining road metal in these areas, 
the construction of schools, mosques, etc., proceeds steadily 
if somewhat slowly. Later when rice production is surplus 
to the requirements of the ever-increasing population, rice, 
mills are built, which guarantee a minimum price for rice. 
Up to the present time these mills have been built and 
controlled by the Government but it is hoped that in 
future they may be run on co-operative lines. 

It is seventeen years since work commenced on the first 
major schemes. It is with feelings of satisfaction in having 
accomplished something for the benefit of the inhabitants 
of this country, that officers who have been engaged on 
these schemes revisit these areas-in all some 100,000 
acres-and see that what was originally miserable swamp 
jungle is now an open plain of fertile rice-lands with every 
evidence of a thriving peasantry living amongst their 
coconut palms and rubber trees on the higher land or in 
the villages that have been established. 

Reclamation of New Lands for Agriculture-Utilization 

of Eroded Lands 1 

POMPILIO ORTEGA 

ABSTRACT 

The fact that the population of Honduras is small and irregularly dispersed over a large territory has created con
ditions and problems peculiar to the country in connexion with the conservation and reconstruction of-land. The princi
pal problems are as follows: 

I. The density of the population in certain areas; 

2. Cereal cultivation in the mountains; 

3. The custom of keeping cattle on open range; 

4. The burning of land in the dry season; 

5. The lumbering system. 
Honduras has much eroded land but no deserts. On this eroded land grows a series of trees which produce fruits 

suitable for cattle fodder. Land of this kind exists all over America, so that if these trees which yield fodder were culti
vated, large tracts of land which are now unproductive and daily deteriorating would become useful. Cultivation of 
cereals in the plains must be made compulsory; fencing material must become cheaper; silos must be erected for storing 
cereals; roads will have to be improved and built; agricultural credit must be organized and the rural population edu
cated. 

The population of Honduras is small compared with the 
country's area-117,579 sq. km., 1,331,256 inhabitants. 
This fact has created numerous problems concerning cul
tivable land, for the drier regions have been and to some 
extent are the more populous. In some areas there is al
ready a need for creating new land, and in others the fertile 
land is going to rack and ruin. Though Honduras is part 

1 Original text: Spanish. 
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of the isthmus which joins North to South America, the 
country's geological formation is different from that of the 
other republics of Central America. There is no volcanic soil 
and the flora is a sure sign of the differences in type of land. 

K evertheless, even in the sparsely-populated parts there 
is a distinct endeavour towards conserving soil and de
veloping new land. The causes responsible for these con
ditions-causes which in themselves are so many problems 
to be solved-are the following: 
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1. The density of the population in some areas; 

2. The cultivation of cereals in the mountains; 

3. The practice of keeping cattle on open range; 

4. The burning of land in the dry season; 

5. The lumbering system. 

THE DENSITY OF THE POPULATION I N SOME AREAS 

In southern Honduras there is a region, which has been 
densely settled since before the arrival of the Spaniards, 
where the land is exhausted and eroded but not quite a 
desert. It is rare to find areas where no vegetation grows 
at all; the vegetation may be stunted but it offers a basis 
for reconstruction. 

There are stretches of dry land throughout the country, 
especially in the warm lowlands. But these lands, which 
are useless for growing cereals, bear a series of wild fruits 
which, though nobody troubles to cultivate them, are 
sufficient to support cattle during the long periods of 
drought when the herbage of land which is not burnt is so 
dry that cattle cannot eat it. 

Nearly all these fruits are produced by trees which 
grow all over the country but possess different character
istics varying with the climate and the soil in which they 
grow. 

We have gathered the fruits of some of these trees in 
order to have them analysed and photographed to illus
trate this paper. I shall give their botanical names as well 
as the names by which they are known locally. 
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Figure l 

Enterolobium cyclocarpum ( guanacaste) (Conacast e) 

Where this tree grows on ferti le land it develops magni
ficiently (Figure I) 2 and produces wood which rivals maho
gany; where it grows on dry land it does not develop as a 
timber-yielding tree (Figure 2) but bears an abundance of 
ear-shaped fruits 3 in. in diameter and t in . in thickness. 
(Figures 3 and 4) These fruits are very juicy and are relished 
by the cattle. The fruit begins to fall early in the summer 
and continues until spring, when the tree is already growing 
new foliage. 

Crescentia cujete (morro) (calabash tree) 

This is the prime fodder fruit for cattle; nobody sows it 
although t o do so would be worth while. The whole fruit 
measures 3 in. or 4 in. (Figure 5) ; its shell is hard and woody 
but the cattle relish it ; in some parts t he cattle break 
the fruit with their hoofs but usually they cannot. The seed, 
which is mixed with the pulp, contains a starchy substance 
with a high oil content. This seed is sold at a good price for 
the preparation of cooling drinks. The tree bears fruitfrom 

2 For technical reasons, only four of the illustrations accom
panying this paper were reproduced. 

Figure 2 

the trunk up to the smaller branches. The natives cut this 
fruit and store it (Figure 9). 

Cassia grandis ( carao) (senna tree) 
This tree is covered with green foliage for ten months in 

the year and with lovelypinkbloomsduring theremaining 
two. The cylindrical fruits (Figure 10) reach a length of 
more than 26 in. and are splendid fodder, especially for 
pigs. The tree bears frui t in abundance. The fruit falls gra
dually until the beginning of the rainy season. Note the size 
ofthefewfruitsremainingon the tree (Figure 11). This fruit 
grows in any class of soil up to an altitude of 3,000 ft. 

Guazuma tomentosa ( guasimo- caulote) 
This tree grows in any climate at altitudes below 3,000 

ft . but when growing in warm, tired land produces more 
fruit. It sheds its leaves in the dry season, which suggests 
that the sap descends ; nevertheless, when it grows in t he 
arid parts of the southern coast of Honduras, a parasite 
grows on it which makes it look like a different tree ; for 
the parasite is of sturdy growth and yields foliage which is 
relished by the cattle, but the cattle will not touch t he 
leaves of the tree itself unless forced to. Figure 12 shows 
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members of this species full of the parasitic foliage, which 
may be of the genus phorodendrurn. Figure 13 shows the 
form and size of the leaves, which are fleshy and almost 
fibreless. F igure 14 shows the fruits, which are black, 
bitter and approximately 1 in. in size. 

Ficus cotinijolia ( matapalo a mate) (fig tree) 
This tree plays many important parts in the utilization 

and reconstruction of eroded land. Figure 15 shows it 
growing in desert-like land; the present surface of the soil 
is possibly 1 yard below the original, and consists of rock 
and apparently barren earth. Figure 16 shows the trunk 
of an enormous Ficus cotinijolia in t erribly eroded land. 
With its broad, flat roots it has supported the slope's 
scrubby undergrowth, which may subsist on nothing 
more than its own leaves; and the large root, which crosses 
a 9-ft. ditch , has by its own efforts constituted a t errace. 
This tree occurs in many varieties which yield fruits of 
different sizes and shapes, all of them juicy and highly 
nutritious, especially for milch cows. Figure 17 shows a 
variety of figs from this tree which have dried after 
ripening and smell sweet. The size as shown is i in. , the 
fruit having shrunk to about one-half of its na tural size. 
There are varieties which yield fruit of the same shape as 
the edible fig and larger. Merely from seeing how the 
cattle run when they hear a fig drop one can gather an 
idea how much they relish the fruit. 

I believe that for the purpose of bringing moisture to 
localities where the rainfall is slight t here is nothing to 
replace Ficus cotinifolia. The tap-root descends into the 
soil to a greater depth than those of other trees in the 
tropics. We saw this after a landslide caused by continu
ous rain . vVe were able to trace the surface roots for 
distances of about 300 ft. When we cut an enormous root 
which crossed a path, the cut surface on the side of the 
tree soon healed up and the other, on the reverse side, 
produced something like a spring of water which ran for 
several days. Looking for the explanation of this pheno
menon, we followed t his root up hill and down dale until 
we reached a spring, where we found thousands of little 
fi g-tree roots. All the water pouring out of that root used 
to go to the foliage which remains on t he tree t he year 
round, for the leaves do not drop off until the new foliage 
sprouts. Owing to its dense and tufty foliage this tree is a 
favourite with owls and hawks, which are the great ene
mies of rats. It produces plentiful fruit in eroded land, 
which it rebuilds. 

A esculus hippocastanurn ( castano) (chestnut tree) 
On fertile land this tree grows to a great height and its 

wood has fi ne texture and great value. The fruit is a nut 
with a delicious t aste (Figure 20). On dry land the 
tree yields more fruit, though at t he expense of t runk 
development , like Enterolobiurn cyclocarpmn. It produces 
heavy foliage. 
Pithecolobium sa man ( carreto, palo verde) (sam an, or rain 
tree) 

F igure 22 

is called "female" and the other, which yields a small seed 
in a winged pod like the fruit of-the elm, is called " male". 
This tree should certainly be propagated both for its fruit , 
which makes good fodder, and for its valuable t imber. 
Plants of this type should be declared benefactors of 
humanity. 

P ithecolobium pachypus ( guafiniquil atorador) 

This tree is always found on eroded land. It produces 
fresh and succulent fruit 3 in . or 1 in. long and !1: in. wide 
(Figure 22). The cattle eat this fruit green when it is within 
reach, and the dry fallen pods. Other varieties of this tree 
have more or less the same characteristics, but all varieties 
keep their foliage in the dry season and the leaves are good 
cattle food . Amongst the better varieties there is a species 
which grows in desert-like land and very hot regions in 
southern Honduras, and the compact foliage of these trees 
(Figure 23) would be a source of protein fodder if they were 
cultivated for cattle food . 

Figure 23 

Libidibia coriaria ( nacascalo) 
This is a common tree in the dry valleys of the inland 

and southern regions of the country. The fruit makes very 
good tannin and when the dry husks fall they are eaten by 
the cattle (Figure 24) . 

A crocornia rnexicana ( coyol) 
This is a palm tree which produces bunches of fruit 

This tree produces a fruit which is extremely valuable (Figures 25 and 26). The fruit consists of a nut with a high 
on land subject to severe droughts. During the dry season oil content, but the substance eaten by the cattle is the 
it remains covered with a dense and heavy green foliage. fleshy rind covering the kernel. This palm deteriorates and 
The fruit is very juicy and contains a pleasant t asting sweet dies in fertile land but grows sturdily on poor soil. Butter 
pulp (Figure 21). There are two varieties, which give and cheese from cows which eat the fruit have a very 
different fruit. I do not know why t he large and juicy fruit pleasant smell and taste. 
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H ymenaea co1trbaril ( guapino!) ( courbaril) 
This tree grows to a large diameter; like that of the trees 

mentioned earlier, the fruit falls in the dry season but is 
broken up for fodder. This tree produces high-quality 
scented timber and a resin which is very valuable in 
medicine. The fruit remains in good condition until the 
rainy season (Figure 27). 

Mimosa nigra (carbon negro) 

This plant becomes almost a weed on poor soil, but the 
fruit and leaves are eaten by cattle in the dry season 
(Figures 29 and 30). There are many varieties of mimosa, 
some more useful for their fruit than others. 

J1 imosa albida (carbon blanco) 
This tree is typical of the poor lands and resembles the 

c<1rob tree (Coriantia silicua). The samples we found of 
this fruit had been on the ground for an unknown time. 
We took a husk and put it in a bundle of maize stalks, the 
fodder most relished by the cattle, which a cow was then 
just eating. When the cow smelt the fruit it nosed around 
until it found it and ate it. The fruits grow to a maximum 
length of 3 in. (Figure 28). This species appears in many 
varieties; all grow c,m exhausted soil and are good cattle 
food. 

Acacia Jarnesiana ( espino blanco) 
This produces a fruit 2 in. in length (Figure 31) which 

is succulent and greatly relished by the cattle. There is 
great diversity of shapes and sizes but the tree has the 
drawback of being very thorny. 

Sal de Venado (lit. "deer salt") 
This possibly belongs to the genus Odostemon. (syn. 

"Mahonia). It produces large bunches of grape-like fruits 
!-in. in length. On ripening they acquire a saline cover and 
the inside has an acid taste. The cattle relish this fruit. 
The value of this plant, however, is not only in its fruit: in 
addition it is a shrub which takes deep root and has tough 
stalks which form natural erosion barriers where they 
grow, which is usually on the most eroded land of my 
acquaintance. 

In the short time at my disposal for this work I was able 
to gather samples of sixteen fodder fruits, samples of which 
I have sent to the United States for analysis. I think that 
with more time a larger number of this type of fruit could 
be obtained. This opens up new prospects in the utiliza
tion and reconstitution of impoverished soil. 

On the southern coast of Honduras there is another 
plant which keeps its foliage in the dry season; it is 
popularly called mongollano (Figure 33) but its foliage 
becomes so saturated with salt that the cattle, after 
eating it, immediately make for water. \Ye know of one 
lady who runs a dairy in that part and whose cows subsist 
entirely on this fodder during the summer, with sufficient 
water, which they drink in incredible quantities. 

The fruits of the Genipa americana (jagua) (genipap) 
and the Pereskia nicoyana, which grow under similar con
ditions, were not added to this collection for analysis be
cause they are very juicy and the samples which we ob
tained perished. The fruit and stalk of a variety of cactus 
plants should also be added. 
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Other wild fruits eaten by cattle, the most important of 
which are Brosimium terrabanum and B. alicastrum, do 
not grow on sterile soil or in the dry season but it would be 
worth while to cultivate them because their leaves make 
good fodder. 

We enclose samples of sixteen fodder fruits and four 
samples of leaves, for analysis, which we would like to add 
to this paper. a 

I believe it would be worth while to establish experi
mental stations for the preparation of a concentrated 
cattle food from these fruits, for they need little water and 
can subsist on poor soil. On the basis of this knowledge, 
cultivation might be recommended in a number of other 
places where similar conditions prevail. In the proximity 
of the desert-like lands where the trees which yield fodder 
fruit grow wild, but on better soil, we come across a plant 
of the genus Mucuna which grows much larger than the 
Kutzn genus. If these fruit trees and this legume were 
cultivated. I think we should shortly be able to sow these 
lands with wild grasses, particularly teosinte, of the genus 
Euchlaena (Figure 34) which grows in those parts. This 
grassy plant which is locally called wild maize, together 
with the legume mentioned above, would be sufficient to 
convert these wastes into productive lands. To begin with, 
these abandoned lands might be successfully used for 
raising cattle. 

THE CULTIVATION OF CEREALS IN THE l\IOUNTAINS 

Our cultivable land is mountainous and the cereal 
growers burn over the hills before sowing. The upland is 
not totally destroyed, because machinery has not been 
used, but it is tired and the cereals are not very soil 
protecting. The domestic production would be enough to 
meet the consumption but for the losses caused by weevils. 
There are large tracts of land which, though not suitable 
for cultivating cereals, might be reconstituted for growing 
coffee and cacao. Hillsides may also be used for growing 
cereals if a system tested by the Coyocutena Agricultural 
School is used, but fencing material is very expensive. 

\\'hat is needed is a law requiring cultivation of the 
plains which are now divided into large latifundia. Fencing 
material must come down in price, silos must be estab
lished for storing the grain, the roads must be improved 
and agricultural credit created. 

THE PRACTICE OF KEEPING CATTLE OX OPEN RANGE 

The small size of the population, the topography and 
flora of Honduras encourage cattle raising on open range. 
This means that for certain months of the year the cattle 
migrate to the mountains where grain is grown. Near the 
Honduras-El Salvador frontier the inhabitants let the 
stubble-land to the Salvadorean cattle farmers; this causes 
heavy loss owing to erosion and diminution of the porosity 
needed in arable soil. 

BURNIKG OF THE LAXD IN THE DRY SEASON 

The burning of the land during the dry season is un
avoidable in the country's peculiar circumstances. The 
land burnt over is usually pine forest. It is hardly ever 

3 Editor's note: Analyses were not available by the time of 
publication. 
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used for the cultivation of cereals, because the pine needles 
take a long time to rot and the shade prevents the growth 
of other plants for fertilizing the soil. These lands have 
been burnt over for centuries so that the pine woods are 
homogeneous, the fire destroying the young trees. But 
what does more harm is to stop burning over for a few 
years and then not to prevent it later, when the full-grown 
trees are burnt or dried out. 

THE LUMBERING SYSTEllf 

In lumbering there are obvious anomalies. There is no 
supervision of concessionaires, and concessions are ob
tained through municipalities which are not prepared to 
protect themselves, so that lumbering takes many forms, 
many of them having harmful consequences. 

If the cut-out lumbering areas are not protected against 
fire the conflagrations are fantastic; the land is burnt to 
cinders and is left in a worse condition than eroded land. 
The woods lost by Honduras owing to the evil lumbering 
system are a material loss to mankind. An international 
body dealing with silviculture might help to salvage these 
resources, which are a universal asset. In particular, what 
is definitely needed is suitable agricultural education for 
the farming population. This agricultural instruction 
should be given in rural schools and not only in the lec
tures which constitute what is generally known as agri
cultural extension. Our people have lost faith in State 
advisers because official agricultural propaganda has near-

ly always been carried on at times of political propaganda. 
so that once this was over nobody gave a further thought 
to the undertakings that had been given. For example, 
cotton seed was issued and it was practically compulsory 
to sow cotton; but the crop could not be sold even for a 
price sufficient to pay for transport. Good tobacco seed 
was issued, and after one year's labour the crop was sold 
at 6 gold centavos per lb. I have personally conducted a 
primary agricultural school for twenty-four years and am 
able to state that this is the best method in a country like 
ours for guiding the rural population in agriculture. 

I wish to record my gratitude to the persons who have 
helped me in this work, particularly in the collection of the 
fruits which may be utilized in the manufacture of con
centrated cattle food, samples of which have been sent 
with this paper for analysis. 

Lie. Luis Landa . . . . . . Tegucigalpa 
Lie. Alexis Castaneda Palacios Tegucigalpa 
Prof. Ramon Carias Donaire Tegucigalpa 
Mr. Roberto R. Sevilla . Tegucigalpa 
Prof. Encarnacion Suazo . i\'foroceli, El Paraiso 
Mrs. Leonor de Molina La Libertad, Comayagua 
Mr. Otilio Molina . . . Pespire, Choluteca 
Mr. Rodolfo Lizardo . . Cane, La Paz 
Mr. Amado Petit Fonseca. Comayagua 
::\1r. Ramon Andara . . . Comayagua 
Mr. Julio C. Oyuela . . . Pespire, Choluteca 
Mr. Juan de Jesus Martinez. El Triunfo, Choluteca 

Possibilities for Creating New Grazing Lands in lturi, 
Belgian Congo 1 

A. TATON 

Agriculture in the Nioka region (Upper Ituri) is mainly 
pastoral. Good quality grazing lands therefore constitute 
an important factor in the economy of that high region of 
the Eastern Congo. The crops quickly cause the soil to 
deteriorate; the land is abandoned after a few years and 
the resulting fallow lands constitute poor grazing lands 
from which native cattle have to derive their subsistence. 
From ~~ to 5 hectares are often necessary to maintain one 
head of cattle. Although under present conditions exten
sive grazing is the most widespread type of farming, it 
seems likely that with a view to the better utilization of 
the new laiids, every effort will have to be made in favour 
of more intensive farming. One method is the creation of 
seeded pasture, capable of supporting many head of cattle. 
The distances would thus be much diminished and the 
risks of soil deterioration and erosion would be greatly 
reduced. The soil would retain its structure and producti
vity if it were adequately covered with good grasses. 

A series of experiments has been carried out by the 
lnstitut National pour l' Etude Agronomique du Congo Belge 

1 Original text: French. 

(Ineac) at its station in Nioka (Ituri, Belgian Congo) in 
order to discover the most economical and reliable method 
of creating such seeded pasture. 

A first attempt to create seeded pasture was carried out 
in 1946 on badly deteriorated ground. This land had been 
planted with Acacia decurrens (black wattle) in 1930; in 
194:5, when the black wattle had been thoroughly worked 
out, sweet potatoes (Ipomoea Batatas) were planted. The 
extremely low yield of that crop showed the highly de
teriorated condition of the soil. Such substrata are 
rapidly encroached upon by a hardy, useless, rhizomatous 
grass, the lJigitaria abyssinica, commonly known as 
couch-grass. The area of two hectares was divided into 
four plots of approximately 5,000 square metres, and was 
sown with various fodder graminacae such as Setaria 
sphacelata, Chloris Gayana, Pennisetum clandestimmt, 
Cynodon dactylon, Brachiaria brizantha. 

The cost of creating the seeded pasture (eradication of 
the couch-grass by hand, planting and resowing) amounted 
to 7,200 francs per hectare. This cost price is prohibitive 
and uneconomic, since the cost of fencing, which is also 
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very high, has to be added. A four-wire fence costs about 
10,000 francs per km. Furthermore, an examination of 
these seeded pastures two years after they were created 
showed a serious regression of the species introduced. The 
couch-grass, which is especially well adapted to the local 
conditions, is regaining the soil and its recrudescence, 
which is already considerable, will increase. This fact may 
be easily explained by two considerations. In the first 
place, it is impossible to eradicate the Digitaria complete
ly. This grass has numerous, easily-broken rhizomes, the 
fragments of which are extremely resistant to destructive 
agencies, especially drought. In the second place, the 
deteriorated condition of the soil prevents the normal 
development and even the survival of useful grasses, 
which naturally require more favourable conditions. 

The results of this experiment clearly show that such a 
method of creating seeded pastures is uneconomical and 
always problematical. 

A second experiment was carried out in 194 7 with a 
a view to reducing the cost price of seeded pastures, and 
to ensure the best conditions for their establishment and 
maintenance. A four-hectare field of sunflowers, which 
had previously only been planted once with beans, was 
divided into five plots in which various species of gra
minacae were planted. The planting was carried out in 
the second cultivation season (July), when the average 
height of the sunflowers was 1.5 metres. The grasses 
planted were: Brachiaria brizantha, Melinis minuti(lora, 
Chloris Gayana, Paspalum scrobiculatum var. and Pennise
tum clandestinum. The cost of establishing the grazing 
land (which no longer included the eradication of the 
couch-grass, but only planting and restocking) varied, 
according to the species, between 1,233 and 2,416 francs 
per hectare. The average for the five plots was 1,803 
francs. The cost price shows the great economic advantage 
of this system over the preceding one. Moreover, the in
troduction of the graminacae into this crop considerably 
increased the yield of the latter. 

The deep hoeing required before planting was the cause 
of a greater development of the sunflowers; their stalks 
reached a height of three metres, whereas when not hoed 
this plant measured 1.5 metres at the most. The yield in 
dried seeds was doubled in the hoed part. Nevertheless, 
the system described above has such great disadvantages 
that it had to be abandoned in spite of everything. In the 
first place, planting in the midst of vegetation 1.5 metres 
high is a delicate operation and is difficult to control. 
Damage is inevitable. The second and greater disadvan
tage is that grass planted in the second season has no time 
to form a sufficiently strong radicular system before the 
great dry season (December). From the time of planting 
the grass had only four to five months in which to develop, 
and half that period was spent in the shade of the crop, 
that is to say, in imperfect conditions. 

The belated hoeing is itself incomplete, since care had 
to be taken of the growing crop, and this allowed competi
tion from ruderal species, some of which propagate rapidly 
(Guizotia scabra, Erigeron sumatrensis, Sida rhombifolia, 
Digitaria abyssinica, etc.). This results in the progressive 
encroachment on the grazing land by harmful species. An 
examination of the various plots one year after planting 
showed that the species introduced were still widely re-
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presented, but that the couch-grass had already encroached 
upon them to a great extent and that it covered as much as 
50 per cent of the area. Since this species is specially well 
adapted to the climatic and edaphic conditions, it is im
probable that the species that have been introduced can 
reduce or limit its propagation. 

A third experiment, carried out in 1948, consisted in the 
introduction of grasses into a crop that had been cleared 
by the hoe but during the first cultivation season (April), 
after the first rains. An eight-hectare field which had 
previously borne only one crop, namely beans, was sown 
with maize and used for this experiment. The soil was 
well formed and couch-grass was not prevalent. vVhen the 
rows of maize were clearly visible, we introduced between 
them Digitaria umfolozi and two hybrids, Setaria sphacr
lata with Chloris Gayana and Pennisetum clandestinum 
with Cynodon dactylon. The cost, including planting and 
restocking, varied between 1,072 and 1,364 francs per 
hectare, the average for the various plots being 1,22R 
francs. It will be seen that this cost price is lower than 
that of the second experiment. In this new system of 
creating grazing land, it was interesting to note the effects 
on the maize of the respective grasses introduced and, in
versely, of the maize on the grasses. For this purpose. an 
experiment with six crops in three stages was carried out 
over 2,500 square metres. Each crop consisted of one part 
under maize, a second part under maize and grasses, and a 
third part under grasses. The results of this experiment 
clearly show that the grasses have no harmful effect on the 
yield in maize. The total weight in dried cobs in the check 
made in the part without grass was 34,750 kg., whereas in 
the part interspersed with grasses was 34,203 kg. The 
yield of pure maize (3 tons per hectare) throughout the 
field confirms the results of this experiment on a practical 
plane. The influence of maize on the grasses is quite plain 
and may be seen in the following table. 

Number Species Yield 
of Under Without 

crops maize maize 
(per cent) (per cent) 

l Setaria sphacelata 30.7 73.7 
2 Chloris Gayana 33.9 46. 
3 Melinis minutiflora . 40.3 53.5 
4 Digitaria umfolozi 23.9 40.3 
5 Cynodon dactylon . 15. 2:3.9 
6 Pennisetum clandestin urn . 43.9 100. 

The effect of the maize on the development of gra
minacae varies according to the species; even a 56.1 
per cent decrease in the yield of hay is barely detrimental. 
The grass was cut two months after the maize harvest and 
at the beginning of the dry season (December). We sub
sequently observed that this difference between the sub
jects gradually decreased and that after the first rain in 
the April following the harvest there was scarcely any 
difference. The method described above seems best owing 
to its low cost price and, furthermore, the examination of 
the various plots one year after planting shows that this 
system of creating seeded pasture is perfectly suited to the 
region and the conditions under which we carried out the 
experiment, that is to say, in soil which had not de
teriorated and by planting during the first season. This 
time the pasture is well established and the species in
troduced are clearly prevalent. Encroachment by other 
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useless grasses is negligible. Only a ruderal nitrophilous 
vegetation, mainly consisting in annual species ( Bidens 
pilosa, Ageratum conyzoides, Solanum nigrum, Galisonga 
parvi(iora, etc.) occupies the soil with the grasses intro
duced. This vegetation is normal, and presents no dis
advantage. The planting of the grasses during the first 
season has the following advantage over the preceding 
method: the grasses, which have eight to nine months in 
which to develop their radicular system, can take root 
sufficiently before the dry season. Another advantage lies 
in the fact that, six months after the maize harvest, the 
various plants can already be used for controlled grazing, 
whereas in the second experiment a year had to pass be
fore cattle could be introduced. This early utilization of 
the grazing land makes it possible to amortize the ex
penses involved more rapidly. The production of seeded 
pasture thus created is an important economic factor, 
which should be stressed. It is generally admitted that the 
capacity of natural extensive grazing land is between 60 
and 100 kg. of live weight per hectare. Thus, 3 to 5 
hectares are necessary to feed a cow weighing 300 kg. and 
giving 3 litres of milk per day. On the basis of the main
tenance and production requirements of such cattle, it 
may be said that natural grazing land produces an average 
of 3.9 forage units and 390 grammes of nitrogenous matter 
per year and per day. The money value of these elements, 
calculated on the basis of the following data: 

1 forage unit: 1 kg. of maize= 1 franc. 

390 grammes of nitrogenous matter: 1 kg. of oil cake= 
1 franc 40, 

is 5.30 francs. 
The various plots created artificially maintain a much 

larger number of cattle; the total of seven plots gives us an 

average of 416 kg. of live weight per hectare, with a maxi
mum of 682 kg. and a minimum of 263 kg. The main
tenance capacity is between four and seven times greater 
than that of natural grazing land and the daily production 
is thus increased from 5 francs 30 to 21 and 37 francs per 
hectare. As for annual meat production per hectare, on 
artificially created plots it amounts to 207 kg., while on 
natural grazing lands it is only 33 kg. This increase in 
production per hectare is important in a region where the 
density of the population is high and where the shortage 
of fertile land is critical. 

The importance of seeded pastures in pastoral economy 
may be seen from the considerations given above; never
theless, its role is not entirely limited to this increase of 
production per surface unit. Well-established and suit
ably-treated (management) seeded pastures contribute 
greatly to soil conservation. Their covering of low grasses, 
which are often creepers with deep roots, constitutes an 
active protection against any lateral erosion. 

This form of erosion is frequent in the natural savannah, 
where tufts of grass leave the intervening soil bare. Un
like this vegetal formation, seeded pasture is very seldom, 
and then always only partially, subjected to the de
teriorating action of frequent brush fires. The best species 
do not form refuse, which is the main fuel for fires. In the 
dry season, the soil remains covered and is not exposed to 
the sterilization which attacks burned areas. 

In a region where fallow ground is an urgent problem, 
difficult to solve, we think that short-term (three to four 
years) seeded pastures, following upon two years of culti
vation, may play an important part in restoring the struc
ture of the soil, thus conserving its productivity which is a 
factor of the stabilization and well-being of the native 
populations. 

The Reclamation of Flood-lands for Production 1 

J. E. OPSOMER 

ABSTRACT 

In the light of techniques he has seen applied in Sumatra, the writer suggests the introduction into the Belgian 
Congo and other tropical regions of various methods of developing land subject to river flooding_ The main advantage 
of these techniques lies in the fact that they make it possible to utilize land at present unused, without extensive prepara
tory work such as drainage, the building of dykes, the digging of canals, or the construction of dams. Generally speaking 
the only preparation required is to clear the area of its natural vegetation. At the same time, by this form of land util
ization it would be possible to reduce the scope of clearings in other types of land, mainly forest. 

The paper describes: 

I. Rice-growing in lebaks, during the subsidence period; 
2. Cultivation of floating rice during the flood period; 

3. Various types of crops which can be grown during the time when the land is partially or completely dry. 

In 1942 the writer published an article on this subject 
in the Bulletin Agricole du Congo Belge (vol. XXXIII, 
no. 4, pages 445-458), describing two methods of rice
growing used in the Far East: the lebak method and the 
floating method. A summary of the article was read to the 

1 Original text: French. 

African Land Conference, held at Goma (Kivu), Belgian 
Congo, from 8 to 16 November 1948, the records of which 
were published in the BuZletin Agricole du Congo Belge 
(vol. XL, no. 1, 1949, pages 870-873). 

The advantage of these two techniques and several 
other methods of cultivation also described lies in the fact 
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that they make it possible to utilize land as yet unused but 
possessing the great advantage of being fertilized, to a 
certain extent, by the annual floods. If, as part of a land 
conservation policy, land subject to river flooding were 
utilized, less other land would have to be cleared for crops, 
and in this way some areas would be placed in reserve 
which is undoubtedly the most effective method of con
servation. 

The subject dealt with corresponds so exactly to that of 
item 16 of the present Conference (Opportunities for the 
more effective use of new lands. Reclamation of new lands 
for agriculture), that we felt it was worth while to write a 
fresh paper. Moreover the techniques described can be 
applied not only in the Belgian Congo but in several parts 
of Africa and other continents. Where the present paper 
mentions observations and tests which might be made in 
the Belgian Congo, these suggestions may naturally be 
extended to other tropical countries. 

In recent years experiments in growing crops on the 
low-lying islands of the Congo River in the Belgian Congo 
have been begun. These ventures are somewhat hazard
ous, however, as the crops are exposed to unforeseen or ab
normally heavy floods. It would therefore be of great in
terest to find land which, owing to its topographical 
position, was naturally protected or could be protected by 
means of not very costly or extensive works, against 
chance flooding. For this purpose, the vast areas of flooded 
land in the Congo Basin should be prospected in order to 
ascertain which might be suitable for crops, to survey 
them, take observations on the rise and fall of the water 
and try out some experimental crops. 

TYPES OF CROP-GROWING POSSIBLE 0~ FLOODED LANDS 

1. Lebak method. This method is used in certain areas, 
ca!lecllebaks, in the Residency of Palembang in southern 
Sumatra. A lebak is a depression at the edge of and con
nected to a river; it floods annually during the rainy 
monsoon and dries slowly during the dry monsoon. By 
blocking up the connecting channel at the right time it is 
possible to regulate the water level in the lebak as re
quired. Originally the lebaks were covered by forest: they 
are examples of former forests, now submerged, of which 
there are many in the Congo. 

The cycle of cultivation is planned according to the 
water level. The lebaks are prepared at the end of the 
rainy season: preparation (in the case of lebahs cleared a 
long time previously) consists in cutting and removing 
weeds and aquatic plants, then pulling up the roots and 
lower stalks of the plants. There is not, and of course 
could not be, any question of tilling the land. Hence there 
is not much work involved. The crop is sown in the dry 
season. The seeds are grown in seed-beds whilst the lebahs 
are being prepared. The length of this stage depends upon 
the usual rate of subsidence of the water, transplantation 
taking place when the water is not more than 40 to 45 em. 
deep. The seeds are sown in the seed-beds 70 to 80 days 
previously and the seedlings are planted out twice: once 
in the pricking-out bed (for which the by then partially 
dried edges of the lebahs are used) and once in the lebahs 
themselves. These lebal<s require practically no main
tenance. The crop is harvested 95 to 100 days after the 

final planting out. Thus the total period of growth for 
lebak crops is 160 to 180 days. The yield is very high, 
varying from 2,000 to 5,000 kg. of dry paddy rice per 
hectare. 

Rice-growing in lebaks is frequently combined with fish 
hatching. 

2. Cultivation of floating rice. This method is practised 
in Bengal, Burma, Siam and Indo-China. The level 
reached by the water varies from two to six metres ac
cording t~ the regions, but the same varieties are not all 
suitable for such varying depths. The floating method is 
only possible on land subject to slow flooding (5 to 8 em. 
per day) and where the current is slow. 

Frequently the land is not tilled, although in this case 
there is nothing to prevent tilling. The rice is sown on the 
spot when the ground is dry and the plants must grow to a 
height of 30 to 40 em. before the floods begin. ~ ormally 
the crop is harvested after the water has subsided but for 
certain quick-growing varieties it must be harvested from 
pirogues. 

Generally the varieties of floating rice are of inferior 
quality, and nothing has yet been done to improve them. 
They are therefore unsuitable for export. In general, they 
are slow-growing: 170 to 185 days for the varieties con
sidered quick-growing, 200 to 215 clays for the slower 
varieties. Average crop production in Bengal is about 
1, 700 kg. of dry paddy per hectare. 

3. Other crops for periodically flooded land. In addition 
to the two uses described above, there is another possible 
one, already applied in certain regions of the Belgian 
Congo and in other countries, namely the cultivation of 
various plants in the non-flooded season when the land is 
partially or completely dry. Several species would lend 
themselves to this type of cultivation: dry rice (mountain 
rice), "early" manioc (e.g., the six-months manioc of the 
Ubangi), yams, certain varieties of colocasia and all quick
growing crops such as beans, maize, groundnuts, etc. The 
last two require a completely dried soil. Lastly, certain 
new species or varieties might be tried out, such as certain 
types of manioc which are reported to exist in Venezuela, 
where, it seems, they are cultivated on marshy soil and are 
ready for harvesting in as little as three months. 

The potential uses of land subject to river flooding are 
many. There are certainly one or more methods applicable 
in the Congo. In some cases the same land might possibly 
be used in the rainy and in the dry season. The system of 
lebalcs seems to be the best, but it requires care, as the 
process must be regularly timed. The growing of floating 
rice probably offers more possibilities, as most of the Con
go rivers are subject to sufficiently marked and prolonged 
flooding. Lastly, the growing of various crops other than 
rice, outside the flood season, seems to present very little 
difficulty. 
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Reclamation of the Amazonian Flood-lands near Belem 

FELISBERTO C. DE CAMARGO 

ABSTRACT 

The author emphasizes the need for combined action on the part of Governments for the reclamation of soils that 
cannot be exploited by individuals. 

The igapos of the Amazon region are classified in two distinct types: The igapos formed by riverinundation, and 
the igapos formed by high tides. 

Reclamation of the latter is recommended in the first place because they are situated in the vicinity of Bel em, about 
180 km. from the city, and because this reclamation is a project of the greatest importance in supplying the world with 
rice. 

Yields of 3,000 to 5,000 kg. of rice per hectare are cited, and the possibility of two crops in one year is emphasized. 
The type of mechanical equipment most convenient for work on the igapos is also described. 
The paper also discusses the capability of these lands for the production of Indian jute at an estimated average 

yield of 1,500 kg. of fibre per hectare. 
The author mentions the existence near Belem, State of Para, Brazil, of 500,000 hectares of varzeas which could 

be reclaimed for the production of rice and jute. Production might reach the annual export value of $USI50 million at 
present international prices. 

Included as an appendix is a paper written by the soil expert, Dr. Paulo Vageler which makes a brief comparison of 
the soils of the varzeas of the Guama, and the varzeas of the Nile. 

I:NTRODUCTION 

Upon the closing of the Congress of Denver, Colorado, 
and after publication of the book Road to Survival by 
William Vogt, the leader of the New Malthusianism, Time 
magazine severely criticized Vogt's book on the basis of 
objections made by Dr. Robert M. Salter, technician of the 
U.S. Agricultural Research Administration. 

The progress in the scientific field which has been ob
served in the United States during the past fifteen years, 
in all the sectors of the human knowledge, especially with 
regard to the science of the soil has, in fact, been extra
ordinary; however, despite the progress made by this great 
country, humanity all over the world continues to starve, 
except in very few areas. Here in this enchanting para
dise that is the New World, a large part of the people 
cannot obtain more than 1,000 calories of food daily. The 
people are able to live, however, thanks to the calories 
they receive from the sun, which compensate for the 
calories that do not reach their bodies from food. 

Without disregarding the scientific agricultural work of 
recent years, Vogt's book must be considered of great 
value and not as pessimism, because its contents serve to 
alert the scientists of the soil, as well as those who study 
biology, chemistry, agronomy, zootechny, and other 
sciences related to the production of food, inviting them 
to increase their efforts to prepare a better world for all 
human beings. 
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Malthus was right and Vogt is also right. In fact, the 
world marches to starvation, and if it was not for the ac
tion of some well-guided Governments, humanity by itself 
would have already begun to collapse or, at least, to reach 
the stagnation stage. 

Today's men cannot find a piece of land which can be 
made to produce as easily as in the past. A land which can 
be easily cultivated, which brings high income without 
great effort and without the investment of a large sum in 
order to obtain good crops, is no longer to be found. 

However, there are several areas of land that can be 
restored from the exhaustion that follows the practice of a 
routine and disastrous agriculture. There are, also, virgin 
lands which never have been cultivated by men, and these 
lands can be reclaimed for agriculture. Thus there are 
lands to be restored, and virgin lands to be reclaimed. 

Since both the lands to be restored and the virgin lands 
demand the effort of more than one man, it is necessary 
that men act in groups through their Governments. In 
most cases of virgin lands, one man can accomplish 
nothing, and this is the reason why many areas are still 
virgin, because it is not possible for an individual to ex
plore such lands by himself. 

Here, in the Amazon Valley, near Belem (a city founded 
in 1616), at the islands of the Amazon estuary and in the 
surrounding lands, and at the banks of the Guama, a 
branch of the Rio Mar in the State of Para, the world may 
find one of the most interesting and significant experi-
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ments__:_and an experiment of the greatest economic im
portance-which falls under the subject of "The Recla
mation of New Land for Agriculture". 

For centuries the Brazilian people left Belem for several 
months on long trips up the Amazon River looking for 
easy riches, and for all sorts of extractive products, 
leaving behind rich lands, which only now are being used 
by the Ministry of Agriculture through the I nstituto 
Agron6mico do Norte. (See appendix for a comparison of 
the soil of the igap6s of the Guam;i, a branch of the Ama
zon, with the soil of the Nile.) 

At the present time, the major possibility in the world 
for reclaiming land to supply the world's food necessities 
is probably represented by the scheme to transform a large 
area of more than 500,000 hectares of varzeas 1 situated in 
the vicinity of the capital of the State of Para-land 
capable of a large production of rice and jute. This area 
consists of a typical (flooded) bush in which the assai and 
the ucuuba predominate; the assai palm tree is a typical 
plant of the State of Para which supplies nourishment for 
the poor and refreshment for the wealthy; the ucuuba is 
similar to the nutmeg of the Orient, it contains trimyristin, 
and may constitute a future rich resource of the Amazon. 

Despite the great possibility they offer, these lands are 
completely abandoned. Three quarters of the area have 
for centuries been normally inundated by rain during the 
entire year. During the high tides which occur in February, 
March and April, this area is submerged under about one 
foot of water. 

THE IGAPOS OF THE AMAZON 

Igap6 is a word of Indian origin, meaning "land of in
undated forest". The igap6s may be classed in two cate
gories: Those that are inundated by flooded rivers, and 
those that are inundated by high tides. 

In the igap6s formed by flooded rivers, an inundation 
that occurs periodically, the land is covered during practi
cally four months of the yea:J:. The difference in the level 
of the Amazon River and its most important branches 
varies from 5 to 15 metres between the rainy season and 
the dry season. On the beaches of these rivers the natives 
of the valley plant their food. They plant immediately 
after the waters recede, so that they can harvest immedi
ately before the inundation begins. This is the system 
usually adopted in the interior of the Amazon. 

This very primitive system of agriculture uses only a 
small fraction of the large inundated area of the Lower 
Amazon. A serious study of hydraulic possibilities is 
necessary before this large area can be used in an economic 
and intensive way for the benefit of humanity. 2 The igap6s 
and the varzeas of the Lower Amazon are among the new 
lands that can be reclaimed for agriculture. This is a large 
enterprise, and it is well to remember that at some points 
of the Lower Amazon the varzeas measure from 30 to 50 
km. wide, and during the flooded season they are com
pletely abandoned by men and cattle. Several thousand 
cattle die each year, some are drowned while others sink 
into the mud. The cattle are subject to disease when the 
water recedes. Under present conditions it is not possible 

1 See the appendix for a definition of varzeas. 
2 There is no documentation on the subject as there are no aerial 

topographical maps of the different areas of this region. 

to increase the herds of cattle in this region, because for 
several years the floods have destroyed any increase at
tempted by the cattlemen. 

In this paper the writer intends to discuss only the use 
of the igap6s that are inundated by water from the high 
tides, as an initial effort toward the reclamation of the 
varzeas and igap6s of the Amazon. 

The huge volume of water and sediments carried by the 
Amazon River from the Andes and the northern parts of 
South America to the Atlantic ocean engages in a twice
daily struggle with the ocean, and a deposition takes place 
as the waters advance and recede every twelve hours. 
Sometimes the Amazon empties into the ocean, and some
times the Atlantic makes the waters run upstream, more 
than 1,000 km. The Amazon River empties 120,000 cub. 
metres of water per second and carries three million cub. 
metres of sediment into the ocean every twenty-four hours. 

A small quantity of these sediments, having passed for 
many years through the grass of the varzeas and through 
the bushes of the igap6s, have formed in the estuary of the 
Amazon an area of land of not less than l t million hectares. 
This area constitutes one of the new lands that can easily 
be reclaimed for agriculture. 

In the titanic struggle which occurs twice in every 
twenty-four hours, with the high and low tides, all the is
lands of the estuary of the Amazon have been formed, a~ 
well as strips of new land along the rivers which come from 
terra firma and along the banks of small rivers formed in
side the islands by the estuary itself. 

In a radius of less than 180 km. from the city of Belem, 
there are practically 500,000 hectares which remain un
touched because they require a drainage system which 
will transform them into useful land for the production of 
food, such as rice, of which there is at present a world 
deficit of about 3t million tons. 

Typical of the lands that can easily be reclaimed are the 
igap6s of the Guama River, near the city of Belem. 

POSSIBILITIES FOR THE PRODUCTION OF RICE AND JUTE IN 

THE IGAPOS OF THE GUAMA RIVER 

Culture of rice 

Drainage canals with a depth of only two metres could 
drain the igap6s of the Guama River, which have been in
undated by the tides and the interior of which has for 
many years accumulated the rainfall. When the canal 
reaches the interior of the igap6, the land will be exposed 
to the sun for the first time and the stagnant water will 
flow into the river and thence into the ocean. The land 
will not be entirely inundated by the tides except in 
February and March when the entire area of the igap6 is 
covered by the muddy water from the Guama. 

With the soil that is removed from the canal, dikes can 
be constructed to control the water, so that the water will 
enter only when it is required to irrigate or fertilize the 
land. 

The draining of the igap6s of the Guam;i will make it 
possible to obtain two rice crops per year. The first crop 
will occur in the months from February to June, during 
the rainy season. From January to April the precipitation 
is over 300 mm. monthly. The rice raised at that time 
must be called "rice of the waters" (wet rice) because it 
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develops during the peak of the rains, and of the inunda
tion by high tides. 

During the first six months of the year, drainage alone is 
necessary. Once the land is drained, the production of wet 
rice can be repeated for three to four years without ro
tation or depletion of the soil. The Instituto Agronomico 
do Norte (I.A.N.), which plants rice as stated in the para
graph above, has invariably attained yields of over 3 tons 
per hectare. 

During the first planting year, when the I.A.N. utilized 
varieties selected for planting in varzeas, such as "Skirivi
mankoti", "Rexoro" and "Kretek" received originally 
from Paramaribo, the yield ranged from 4 up to 5 tons per 
hectare. (See Figure 1.) 

Figure l. Rice of the "Kretek" variety from Paramaribo, Dutch 
Guiana cultivated at the plantation of Instituto Agronomico do 

Norte. Production 3,500 Kg. per hectare in 1949. 

At the time of the first harvest at the end of June, the 
summer rice can be planted immediately. The second crop 
is produced from June to October, a period which is the 
driest and hottest time of the year in Belem, State of Para. 
In order to guarantee success for this second crop, it will 
therefore be necessary to provide an irrigation system, but 
it is sufficient that the elevation of the water attains from 
It to 2 metres in height. The canals used for drainage 
during the rainy months will also drain the muddy water 
of the Guama into the pump houses for elevation to the 
rice-fields. 

The rice produced during the second six months, which 
is cultivated during the semi-rainy months and in a semi
damp surrounding, is intended mainly for export and for 
seeds. 

According to the experience and observations of the 
I.A.N., it will be possible with double cropping to harvest 
a minimum of 6 tons and a maximum of 10 tons of rice 
with shell, per year per hectare, from land corresponding 
to that described above. This represents a production 
which has never been obtained in any country. The State 
of Para alone could produce, under exceptional economic 
conditions, 1 million tons of rice per year, a yield that 
would go far in helping to overcome the world deficit of 
3! millions tons. 

In reclaiming the igap6s, first-class virgin land can be 
used for rice production under a special regime of rainfall 

and with rice strains selected by the I.A.N. and supplied 
by technical sources which specialize in the cultivation of 
rice in Paramaribo, Dutch Guiana; Louisiana, United 
States; Campinas in the State of Sao Paulo and the 
Instituto Agronomico do Rio Grande do Sul. 

The proximity of the sea and the systematic movement 
of the tides will guarantee, for the regions under discus
sion, an absolute control of the inundations; this same 
condition does not exist in the Lower Amazon or in most 
of the other rice-culture regions of the world, where the 
inundations of abnormal years cause severe losses. There 
will never be a loss caused by inundations in the rice plan
tations of the Guama, for only such a cataclysm as would 
raise the level of the Atlantic Ocean by two meters would 
provoke severe loss. 

The maximum tides in the varzeas of the Guam;'i vary 
from year to year; they last for a few weeks only and very 
seldom attain two feet. 

Culture of jute 

In 1948 the Amazon produced 9,400 tons of jute and in 
1949 a production of from 13,000 to 14,000 tons of Indian 
jute alone was expected. The high floods which occurred 
in the Lower Amazon during the months of May to July 
1949, have caused a loss of about 30 to 35 per cent, ac
cording to information supplied by the government of the 
State of Amazonas and by jute dealers in the Santarem 
zohe. 

It is estimated that the flood of 1949 has caused a mini-
mum loss of 4,000 tons in the State of Amazonas and 2,000 
tons in the State of Para. Six thousand tons of fibre at 
£100 per ton, according to quotation from London, re
presents a loss of £600,000. This constitutes not only a 
severe loss for the moment but it also discourages new 
plantings by the jute planters in this region. 

The statement made above concerning the culture of 
rice is likewise true of jute: jute plantations in the igap6s 
of the Guama banks will never be exposed to the danger 
of periodical floods and thus to loss as they are in the 
Lower Amazon. 

Figure 2, which was included in the I.A.N. report to the 
Congress of Denver, Colorado, shows the culture of jute in 
an igap6 of the I.A.N. The plants attain a height of about 
4 metres. In 1949 the I.A.N. will produce, with the help of 
a co-operative group of farmers, 54,000 kg. of jute seeds of 
selected varieties compared to 16,000 kg. in 1948. 

There is no better region or better land than the bushes 
of the igap6 of the Guama for a large and sure yield of jute. 
In the varzeas of the I.A.N. the production of jute fibre 
was 1 t metric tons per hectare. 

The jute in the Guama and in the islands of the estuary 
must be considered as a rotation culture, alternated with 
the culture of rice. The richest and most fertile should be 
used and provision should be made for artificial tanks for 
retting. The culture of jute also requires that ditches for 
the fermentation should be placed every hundred metres 
within the area of the plantation. 

The igap6s and the varzeas in the vicinity of Belem can 
produce half a million tons of rice and 150,000 tons of 
fibres with a value of approximately $US 75 million for rice 
and SUS 75 million for jute. Such an enterprise is an im-
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Figure 2. Jute planted for seed production on the igap6 of the 
Instituto Agronomico do Norte. 

mediate possibility only in the Amazon Valley at the 
varzeas of the Guama River and in a few other sites near 
Belem. The only problem which has not been solved is 
how to obtain 800,000 men to do the work. 

DRAil\AGE 

The initial work of drainage in the igap6 of the Guama 
River, on land belonging to the I.A.N., was made with an 
old Type DA-2 Bucyrus-Erie equipment with a plain 
shovel. 

After the first experiments with this equipment, and a 
few modifications of the shovel had been made, the work 
was started, and a daily average of 10 metres of canal was 
dug per eight-hour day. The first canal is 819 metres in 
length and extends from the Guama River banks to high 
land. It measures from 2 to 2.2 metres in depth, and is 
5 metres wide at the highest level and 2 metres wide at the 
base. This canal drains an area of 40 hectares on each side 
of the bank. 

The mechanical shovel started work on the highest 
point of the right bank of the Guama River, and proceeded 
towards the interior of the igap6, which is always at a lower 
level. As the shovel advanced, the land was drained at the 
same time, and the drying out of the land facilitated the 

advance of the heavy equipment which was operating on 
the side, over planks. 

The old equipment behaved wonderfully, but it is ne
cessary to replace the plain shovel with a pull-shovel. The 
plain-type shovel must be used, however, in varzeas 
covered by grass. 

In the case of special work in the igap6, i.e., on land in
undated and covered by heavy bush, the plain-type shovel 
is not advisable because roots handicap the excavation. 
A pull-shovel is required for work on this kind of land, he
cause it will open the ditch from the bottom up. When 
the excavation is made from the bottom the roots are 
pulled out of the ground. When the plain shovel is used, 
the roots are pressed against the soil, thus requiring a 
tremendous effort from the equipment and causing acci
dents and a great loss of time. 

The Instituto Agronomico do Norte has propostc:d the 
purchase of twelve modern shovels, each equipped with a 
pull-shovel, in order to carry on its programme of re
claiming the igap6s and preparing the area for experi
mental plantings with rice and jute, as well as preparing 
lands to be used for the extension service. 

APPENDIX 

THE SOIL OF THE IGAPOS OF THE GUAMA, 
A BRANCH OF THE AMAZON RIVER, COMPARED 

WITH THE SOIL OF THE NILE, AFRICA 

Below is an interesting report of Professor Paulo Vage
ler, soil expert and Chief of the Chemistry Section of the 
Instituto Agronomico do Norte, describing the typical 
characteristics and the origin of the two formations of soil. 

COMPARISOl\ OF RECENT ALLUVIAL SOILS: 

THE "VARZEAS" OF THE RIO GUAMA AND NILE 

The varzeas, i.e., the recent alluvial soils, temporarily 
inundated, of the tropics, oscillate in their properties be
tween two extremes, characteristic of the humid and the 
arid tropical countries. Types of the first category are the 
varzeas of the Rio Guama and the Lower Amazon in general 
and of the second category are the varzeas of the Nile in 
the Sudan and Egypt. 

The material of the Amazonian soils is the mud formed 
by the decomposition and erosion of old sedimentary and 
acid volcanic rocks. It is heavily leached and contains 
appreciable amounts of humic acids showing reactions 
between 4.5 and 5.0 pH. 

The mud of the Nile has its origin ess~ntially in the erup
tive rocks of Abyssinia, rich in bases. Its content in or
ganic substances is low and its reaction more or less alka
line. 

Owing to this difference in the material and in the 
diagenetical conditions, those recent alluvial soils show 
fundamental differences of nearly all properties. The 
varzeas of the Amazon contain 10 to 15 ME exchangeable 
bases and their saturation is between 35 and 60 per cent. 
The varzeas of the Nile contain 50 to 70 ME and are 
saturated between 85 to 100 per cent. The pH of the first 
category is 4.5 to 5.5, of the second 6.5 to 8.5. In the soils 
of the Amazon the saturation of the complexes by Na is 
very weak: 1 to 3 per cent. It reaches 10 to 15 per cent in 
the soils of the Nile. Both categories of soils contain 
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general appreciable amounts of total F 20 5, bound essen
tially to iron. The solubility of the F 20 5 is somewhat 
higher in the Amazonian soils, due to their content of 
humic substances. 

The mineralogical reserve of both types of soils is small, 
but somewhat larger in the soils of the Nile. 

Absolutely different are the diagenetic conditions of the 
sediments. The varzeas of Amazonia are in continuous 
kydrornorphic evolution. Inundated or at least saturated 
every day by the tides, retaining the flow of the rivers, 
these soils are typical gleys from top to bottom, clay silts 
to silty clays containing 50 to 75 per cent of fine sand and 
silt. The A-horizon, containing up to 3 per cent of humus, 
varies within wide limits between 2 to 35 ern. and more. 
The permeability of the profiles is low-1-2 rnrnfhjHa
notwithstanding the relatively high percentage of non
capillary porosity (7 to 15 per cent). But the availability 
of the soil water is excellent: 40 per cent, a very high 
field capacity being combined with a very low "permanent 
wilting point". 

There is no danger of being salted for these soils. Every 
excess of salts always goes back to the rivers with the 
hackflow of the low tides. 

The varzeas of Amazonia are much like the varzeas of 
Indochina, Java and Sumatra, excellent for the produc
tion of rice, jute and similar plants adapted to low pH in 
continuous irrigation, which is very simple and economic 
with them considering the effects of the tides. 

The varzeas of the Nile, originating only from the an
nual inundations of the river (which at least in their 
majority have no backflow) consist essentially of clay
material, sedirnented in an arid climate without possi
bilities of leaching and are generally very heavy clays, 
often salted. The humus of the A-horizon is small. The 
permeability is practically zero, Po is negative, i.e., the 
field capacity is bigger than the natural volume of the 
pores. Under natural conditions the available water does 
not exceed the "wilting space", the permanent wilting 
point being very high. 

Being chemically very rich, these soils are of first-rate 
agricultural importance for all plants adapted to high pH, 
under two conditions fulfilled in Egypt and the Sudan: 

1. Leaching of the excess of salts, especially eliminating 
the Na; 

2. Intensive culture under irrigation, always consider
ing the danger of resalting. 
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Reclamation of New Lands for Agriculture-Potentialities 
and Problems in Development by Irrigation and Drainage 
H. H. WOOTEN and ERVIN J. UTZ 

ABSTRACT 

Irrigation and drainage have added materially to improve crop land acreage and to total agricultural production in 
the United States in the last half-century. Today the irrigated area is approximately 22 million acres. About 70 million 
acres have been improved as a result of organized group drainage effort. In general, irrigation and drainage have been 
successful. Total returns have exceeded costs. 

Great potentialities lie ahead for the United States in further expansion of drainage and irrigation and in improved 
utilization and control of water resources for irrigation and other purposes. The farms and farm additions that are 
created as a result of irrigation and drainage projects must be looked upon not merely as a source of security for there
payment of the costs, but as the foundation for a sound agriculture and prosperous communities. The easy-to-work 
areas have been developed, and future developments will become more complex and involve larger areas. Significant 
additions to our drainage and irrigation will depend greatly on their multiple-purpose nature. It is no longer possible 
to open up any considerable new areas by drainage and irrigation by means of projects for which the entire cost can be 
repaid by drainage and irrigation interests. Future large-scale projects will mostly be constructed for multiple purposes, 
such as drainage, flood control, irrigation, power and municipal water supply. Good public policy requires that these 
projects be sound and that the benefits from the several features exceed the costs of developing the projects. 

I::lrTRODUCTION age, or irrigation and added to the body of improved pro
ductive land of the United States for feed and food pro-

The total land area of continental United States is ap- duction. About half of this additional acreage could be 
proximately 1,905 million acres. Of this vast area, 400 developed through clearing, and about a fourth each by 
million acres were classed as crop land in 1945. An ad- means of drainage and irrigation. Thus 40 million acres 
ditionall 00 million acres in pasture is classed as ploughable could be added to the present crop land area of the conn
and could be used for crop production without new land try by means of drainage and irrigation. Generally the 
development. There is, in addition, some 80 million acres lands requiring drainage lie east of the 97th Meridian and 
of land that could be developed through clearing, drain- those to be developed through irrigation to the west. 
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IRRIGATION 

There are today approximately 22 million acres of 
irrigated crop and pasture land in the United States. The 
vast majority of the irrigated acreage is in the seventeen 
Western States. Louisiana and Arkansas have a sub
stantial acreage of irrigated land devoted to the produc
tion of rice, and many of the eastern humid States are 
using supplemental irrigation as a means of securing 
higher production of high acre value crops, particularly 
vegetables. Irrigation systems in use vary from the in
dividual farm installations where the water is pumped 
from a stream or well by the operator for his own use, to 
the large impounding reservoirs built by the Government, 
like Lake Franklin D. Roosevelt, Lake Mead, and Shasta 
Lake, which supply water through large canals to several 
mi1lion acres of agricultural land. 

\Vhere good land and an adequate supply of suitable 
irrigation water are close to each other an individual oper
ator can install a system of irrigation with an investment 
of possibly $75 to $100 per acre for pumps, distribution 
pipes, and a pressure sprinkler system for applying the 
water to his land. By using a gravity system of water 
distribution where lands have been adequately levelled he 
may be able to irrigate his lands with an investment of 
from 850 to $75 per acre. These two types of individual 
farm irrigation systems are rather widely used in the 
humid and semi-humid as well as in the arid regions. 
Probably a third of all irrigated land in the United States 
is provided water through a system developed and con
trolled by the individual or through a rather informal 
partnership arrangement of several individuals. 

About 5! million acres, or 25 per cent of the presently 
irrigated lands, are served through federally constructed 
reclamation projects. This includes both full supply and 
supplemental water. Under this system of development 
the Federal Government constructs the supply works and 
in an increasing number of cases the distribution system 
as well. Organized water users' districts, authorized under 
state laws, contract with the Federal Government for the 
water and for repayment of the portion of the costs of con
struction allocated to irrigation. Most of the larger pro
jects are of a multiple purpose type and in addition to 
supplying irrigation water may provide for municipal 
water, development of power and for other purposes such 
as flood control, navigation, recreation and fish and wild
life conservation. The costs allocated to this latter group 
are in the public interest and non-reimbursable, but those 
allocated to municipal water and power are repayable. 

The balance of the irrigated lands amounting to about 
9 million acres or 40 per cent have been developed with 
private capital and are operated by co-operative or mutual 
companies, by commercial companies, or by semi-govern
mental organizations. 

Present irrigation developments are tending strongly 
toward the first two types of enterprises, either the in
dividual or the federal. In the arid areas where under
ground water is readily available and in the humid or sub
humid areas where similar conditions individual de
velopments are increasing rapidly. H:owever, for the 
areas in the arid and semi-arid parts of the country, 
Federally constructed projects are most applicable under 
present conditions. The conditions responsible for this 

trend are: (l) Most of the projects are of a multiple
purpose type and involve cost allocations to uses other 
than irrigation. (2) The investment is quite large and not 
readily financed by private capital. (3) Inter-state streams 
are often involved, and these require state compacts in 
allocating the available water supply to the several states. 
(4) River regulation for an entire basin becomes more es
sential as multiple-purposes are involved and as the water
supply is more completely utilized. While construction 
costs of these multiple-purpose projects are large in total, 
the costs allocated to irrigation are to be repaid by the 
irrigation water users within their estimated ability to 
repay, and vary from $65 per acre to as much as $200. 

Crop returns from irrigated lands vary greatly with 
quality of soil, climate, types of crops grown and location 
relative to market and consuming centers. 

On the Tieton Division of the Yakima Irrigation Pro
ject in the State of Washington, built in 1906, about 80 
per cent of the land is in fruit and nut crops. The average 
annual gross crop value for the ten-year period 1936 to 
1945 on the 24,885 acres in crops on this division of the 
project was $333 per acre. Construction costs of this pro
ject of $130 per acre have been repaid in full, the final in
stalment was paid in 1947. 

The Valley Division of the Yuma Project in Arizona, the 
first lands of which were furnished water in 1911, and 
which now serves approximately 45,000 acres of land, has 
paid out about 78 per cent of its construction obligation of 
approximately $100 per acre. The average annual gross 
crop value for the ten-year period 1936 to 19,15 on the 
approximately 44,600 acres in crops was $95 per acre. 
Approximately 25 per cent of the acreage was devoted to 
vegetables, 25 per cent to alfalfa, 18 per cent to seed crops, 
and the remainder of the acreage to cotton, fruits, and 
forage crops. 

The Arrowrock Division of the Boise Project, Idaho, on 
which initial construction began in 1910, contains ap
proximately 145,000 acres of land in crops. Construction 
costs allocated to irrigation amount to about $90 per acre 
of which approximately 50 per cent have been repaid. As 
contrasted to the Yuma and Yakima Projects, lands on 
this project are devoted largely to extensive types of crops. 
Crop distribution for the 1936-1945 period was 28 per cent 
in grain, 28 per cent in alfalfa, 25 per cent in other forage 
and pasture crops, 7 per cent in vegetables, 7 per cent in 
seed crops, 3 per cent in fruits and nuts and 2 per cent in 
sugar beets, with a ten-year average gross crop value of 
$47 per acre. Under this type of cropping system, how
ever, returns to the operators are substantially larger, 
since most of their crops are marketed through livestock, 
and these increased returns are not reflected in the gross 
crop value. 

In the United States, lands that were most easily and 
economically irrigated have been developed first. Those 
remaining will require somewhat higher investments and 
more complex irrigation operating systems. With in
creasing requirements for food resulting from population 
growth and because of large areas of presently productive 
land being used for residential and industrial purposes, the 
development of additional irrigated lands can contribute 
to the maintenance and improvement of the economy of 
the country. In addition to irrigation, the increasing need 
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for flood protection on many of the major river systems, 
the enormous increase in the demand for hydro-electric 
power, the need for improved and increased supplies of 
municipal water, the demand for recreation areas, the 
desirability of better fish and wildlife habitats, all empha
size the importance of an adequate development of the 
water resources of the country. 

DRAINAGE 

In all, approximately 70 million acres of improved farm
land are in organized drainage enterprises in the United 
States. Acreage of improved land in drainage enterprises 
increased 25 million acres, or one million acres per year, in 
the twenty-five-year period from 1920 to 1945. 

The principal areas in which drainage enterprises have 
developed, include: (1) the prairie and adjacent level up
lands of the North Central States; (2) the bottom lands of 
the large streams of the Mississippi Valley; (3) the bottom 
lands along small streams of the Piedmont and hill areas 
of the South; ( 4) the Coastal Plains of the East and South; 
and (5) the irrigated areas. 

Nearly two-thirds of the land in drainage districts is in 
the North Central States. In this region, drainage per
mitted cultivation during the last century of 45 million 
acres of rich agricultural land that was formerly too wet. 
The experience of drainage in these states leads to the 
conclusion that most drainage enterprises have been 
reasonably successful. 

Numerous local districts to construct outlet ditches and 
install tile, improve stream channels and other types of 
community drainage works have been organized by groups 
of people affected. In addition, large investments in 
drainage have been made by state and federal agencies as 
well as by individuals and small groups. Single drainage 
enterprises vary in size from only a few hundred acres up 
to hundreds of square miles. Large areas have benefited 
by increa..sed farm production and better health which has 
resulted from reduction of malaria-carrying mosquitoes. 

Drainage of bottom land along the large rivers and 
their major tributaries has contributed to development of 
much fertile land for farming. Construction and main
tenance of drainage works generally has been more costly 
than in the prairie areas and other adjacent uplands. 
Many drained areas have been aided by flood-control 
works such as channel straightening and enlargement. 
Some of the chief problems in such areas are overflows, 
silting of channels, and inadequate lateral drains and 
drainage outlets. 

Many drainage channels serving bottom land in the hill 
areas of the South require redredging from time to time to 
remove eroded soil washed from the hillsides and uplands. 
Improvement has been obtained by selection of the less 
sloping land for cultivation, by application of erosion 
control practices, and through the adoption of systems of 
farming which include large acreages in close-growing 
crops and pastures and in well-managed woodland. Soil 
conservation districts in co-operation with drainage 
districts have begun to meet this problem to an increasing 
extent by activities to stabilize stream channels and con
trol erosion on watersheds. 

Vast areas of wet land are potentially arable. Control of 
floods on the larger streams is necessary before some of the 

major areas can be drained successfully. In many of these 
large areas, drainage and flood control works are beyond 
the ability of the local people to finance. Often drainage 
problems are so complex or cover such a large area that 
extensive agricultural and engineering investigations are 
required to make adequate plans for development. 

One common problem in the past has been that many 
drainage enterprises have been set up which are too 
restricted in area to include the necessary outlet works. 
Consequently, they have resulted in flo~ding of down
stream land. Co-ordination of individual drainage works 
or their combination to encompass larger areas are essen
tial to efficient operation. Drainage systems should be 
installed only on land that is proved suitable for sustaineu 
farming of a type which can support a sound agricultural 
economy. 

Drainage problems arise at times in irrigated areas from 
seepage from canals and laterals, from over irrigation or 
from failure to provide drainage ditches to carry away 
waste water. Control of excess water through the pro
vision of drains, or by pumping from wells to lower the 
water table, aid in drying up wet areas and permit the use 
of the drainage water for additional irrigation. Provision 
for drainage of irrigated land often is an important factor 
in successful farming. 

Drainage districts as a whole are now in better financial 
position than in many years. High farm incomes during 
the last few years have enabled many districts to accumu
late some reserve funds. These funds are being spent in 
cleaning ditches, constructing laterals and improving out
lets. :Y1ention should also be made of the additional 
federal work in improvement of stream channels which 
has been authorized for major drainages. In total, an im
mense volume of flood control and drainage work is now 
going on or is planned in the United States. Some im
portant investments are being made, by states and local 
districts, as those by certain districts in Louisiana. 

An example of drainage experience is that undertaken 
around 1910 in a seven county delta area of about 3 mil
lion acres in north-eastern Arkansas and south-eastern 
Missouri. The St. Francis River, a tributary of the Missis
sippi, flows through these counties. In 1910 only one-fith 
of the land or 600,000 acres was in cultivation because of 
lack of sufficient drainage and flood protection. By 1924 
the development of a network of drainage ditches had 
permitted an increase of land in crops to 1 million acres. 
Improvement of outlets, coupled with levee construction 
made possible the clearing and development of crop land 
to bring the total up to one and three-quarter million acres 
in 1944, and to nearly 2 million acres in 1949, or three 
times the crop acreage in 1910, before drainage and flood 
control enterprises were undertaken in their present form. 

The average value of crops per acre in these seven coun
ties when valued at 1939-1944 prices, was $45 in 1924 and 
$62 in 19,14, an increase of $17 or 38 per cent. Much of 
this increase was because of larger yields per acre, as well 
as greater acreages of more valuable crops, such as cotton, 

soybeans and alfalfa. Farm incomes also have in
creased and more and better farm buildings and other im
provements have been added. 

Initial investments in local drainage and flood control 
enterprises are estimated to have been approximately S30 
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per acre. Costs of clearing and other farm improvement 
are estimated to have been about M5 to $50 per acre. 
Thus the local drainage and flood control and clearing 
combined represent an investment of $75 to $80 per acre. 
There still remains in this area the need for larger and 
better outlets and main channels and more lateral ditches 
to prevent overflows and to permit more effective drainage 
of additional land. Area-wide flood control and drainage 
plans have been made covering several necessary main 
outlet and channel improvements. Local drainage and 
levee districts generally are in good financial condition and 
are undertaking repair of tributary ditches and construc
tion of laterals. 

Experience in drainage and recent studies of drainage 
possibilities indicate that improvement in the United 
States can be made by additional drainage along three 
lines: (1) rehabilitation of existing drainage works in 
areas proved productive, (2) enlargement of districts or 
co-ordination with adjoining drainage areas to provide 
better outlets, and (3) new drainage construction in un
developed or partly developed areas found economically 
feasible. 

The chief economic results of drainage and irrigation 
have been to bring additional and more productive land 
into cultivation, to increase crop yields per acre, and to 
enlarge farm incomes. These results have brought greater 
farm and business opportunities, improved the distribu
tion of crop production in relation to consuming centres, 
and have aided materially in assuring an adequate supply 
of food and fiber to maintain and improve the standard of 
living for our rapidly increasing population and to make 
possible the essential exports to other countries. 
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Reclamation of New Lands for Agriculture 1 

RENE DUMONT 

We propose to make a brief study of the potentialities 
and problems of land reclamation in France and North 
Africa 2• The tropical aspects will he considered elsewhere 
by Mr. Guillaume. 

UNCULTIVATED LAl\D 

Attention in France has often been drawn to the land 
no longer cultivated, which since the end of the last 
century has been steadily increasing. Much, however, of 
the arid limestone steppe-land southwest of the :\Iassif 
Central, in the Lot department, for example, is hardly 
worth reclamation. When the hard limestone is not 
covered by more than 5 to 10 em. of soil, the average crop 
return is low (6 to 10 quintals of grain per hectare) and 
more subject to the vagaries of the weather. Had the soil 
been better protected against erosion, there would, of 
course, be more of it left. 

down from the Cevennes and the Montagne Noire to the 
Mediterranean, a dense population has, from the sixteenth 
to the eighteenth century in particular, kept back the soil 
by the laborious construction of terraces, enormous steps, 
often only a few metres wide, separated by low dry-walls 
which cut across the slope in parallel lines and "hang on 
to" the soil. Most of these terraces are too small to permit 
the soil to he worked by wheel plough or by horse-drawn 
swing-plough, but, until the nineteenth century, much 
level ground in over-populated areas (Limagne in Auverg
ne, for example), was also hoed or dug by hand; the ter
races were not then wholly submarginal. 

The population of the poor rural are<k'>, however, has 
been declining, particularly since 1830. In the plains 
machines do all the work not only of breaking up the soil, 
but also of transport and harvesting (reapers, tedders, 
rakers, harvesters and binders). These machines, how-

South-east of this on the slopes running ever, like even the smallest carts, cannot on to the 
1 Original text: French. 
2 For Korth Africa., see the papers by Mr. Valdeyron (Tunisia) 

and :\fr. Miege (Morocco). 

"rises"- the steep paths which are the sole means of ac
cess to the terraces. The cost of building roads passable 
by vehicles would be exorbitant. 
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It is true that between Genoa and Alexandria the denser 
Italian population accepts a lower "standing" and conti
nues to cultivate terraces of this kind. Along the Rhone, 
too, from Vienne to Condrieu, the famous wines of the 
"Cote Rotie" are still produced in the same conditions, 
since the heavy premium on vintage wines still makes it 
worth the vinegrower's while. In view of the 1949 drop in 
price, however, vinegrowers are hesitating to continue 
such arduous work. 

Where the wine is not so famous, although still of ex
cellent quality, the rich crops-the vine and the olive
move down from the very exposed terraces. The poor 
crops, cereals and potatoes, have been confined to the 
cold slopes for even longer. North of Carcassonne, the 
vineyards of Ilhes and Mas Cabardes (Aude) are growing 
smaller every year. Not only has the digging to be done 
by hand, but men have to carry all the grapes down and 
all the manure up on their backs-to say nothing of the 
task of dressing the vines with copper sulphate to guard 
against mildew. Until1895 even the soil washed down by 
the rain was taken up again in baskets. If a wall collapses, 
it costs more today to repair it than the land it protected 
is worth. Brambles are overgrowing the stairways and 
chestnut trees are being planted in place of the vines. 

While present economic conditions no longer justify the 
tillage of most of this land, this does not mean that the 
land should be abandoned altogether. In many cases re
afforestation is called for, particularly on the mountain 
slopes 3, not only to provide timber, of which Europe is 
so short, but also to protect the soil on the slopes and to 
improve the climate. When ploughing raises the deadly 
threat of erosion, it would be wiser to plant trees or grass 
on land at present tilled to excess: this is the case in the 
eastern Vivarais (Saint Jean Chambre, Ardeche). 

Some stretches of wasteland on the Lias (Amblimont, 
Ardennes) are covered with brambles when they could 
bear fine spruce forests or even make excellent meadows. 
Certain sheep pastures could, while continuing to be 
grazing ground, be made two or three times as productive 
by improvement methods similar to those which have been 
employed so successfully in Wales and Scotland. 

Some of this uncultivated land, however, will stand fair
ly intensive cultivation. Where the slope is average and 
no longer requires stone walls, where the soil and ex
posure are such as to produce a "great" wine, tillage by a 
winch-driven cable makes it possible to replace human by 
mechanical energy, and the quantity of earth carried up 
again by this method is often greater than that brought 
down by the rain. The installation of a motor-driven 
winch at Culoz (Ain) made it possible to put back into 
economic cultivation vineyards which were already be
coming wasteland and which could not have been pro
tected by manual labour alone. 

Other land, too, deserves to be tilled by standard multi
cultural methods. The best moorland, for example, the 
touyaa of the Basque country, is anachronistically kept 
for the production of litter, which now requires too much 
labour, and that moreover in a climate with adequate 
rainfall, when the rest of the South-west suffers so badly 

3 Hence reafforestation should take into account not only local 
economic expediency, the productivity of the plot, as our Fonds 
forestier does, but all the possible effects and the national interest. 

from drought. The wasteland which covers part of the 
small farms of Aquitania could be tilled by tractors owned 
individually or on a co-operative basis-considerable trac
tive force being required in some cases. The only effective 
way to retimber the burned-over portions of the great 
Landes forest is to introduce broad strips of cultivated 
land as "f1re-breaks". 

For a Frenchman the words "uncultivated land" mean 
the South-west. From the Ardennes to the Chatillonnais, 
however, and from Champagne to Lorraine, the Upper 
Sa6ne, the Cote d'Or and the Yonne, from Dijon to Metz, 
Sedan, Reims and Troyes, stretches the greatest de
populated zone of France, where "cultivable" land lies 
waste or is used as grazing land, owing to lack of man
power and equipment. It would be possible to organize an 
influx of people from the overpopulated rural areas of 
Brittany, Mayenne and the Vendee, but it would be diffi
cult to farm the great agglomerations of abandoned land 
that would make worthwhile the modem equipment which 
is the only economic method of cultivating this land, 
which will always have a small output. 

A sounder plan would be to provide better equipment 
for the local farmers who, owing to the departure of their 
colleagues, can now bring about the expansion necessary 
for tractors. Already north of the Meuse (Pouilly) all 
farms of less than 25 hectares are disappearing and family 
groups of three farms are being formed, averaging be
tween 80 and 100 hectares, "to suit a medium tractor", 
while Breton farms usually remain under 10 hectares and 
require 90 man-days per hectare. 

On still larger farms sugar-beet is being put back into 
land cleared of the Norway pines which were planted last 
century on the poor grazing land of Champagne (Aulnay
les-Planches, Marne). In this province the low cost of 
working the light soil more than offsets the moderate rate 
of the yield. Farms of from 100 to 150 hectares, chiefly 
under cereal, are worked by only three men with a com
bine harvester, very much as in North America. 

The total area of uncultivated land which could be 
effectively reclaimed by tillage may be estimated at ap
proximately 500,000 hectares, while 2 million hectares at 
least should be retimbered and 1 million hectares of 
grazing land could be considerably improved. 

FALLOW LAND 

Land which is periodically left uncultivated for a 
year, said to be "lying fallow", may be described as 
"temporarily uncultivated". In the steppe climate of 
North Africa, far from the sea, two years' rain must be 
allowed to accumulate in the soil in order to get a good 
harvest. Moreover, working the bare soil for a whole 
summer is still in all cases the most economic method of 
clearing it of weeds which grow from rhizomes (couch
grass, false oat etc.). 

However, the systematic fallowing of the land every 
three years in the least-developed regions of north-eastern 
France (Champagne, Haute-Marne, Haute-Saone, Ar
gonne, Amienois) is merely an anachronistic survival from 
long ago when the lack of fodder crops made it necessary 
to allow some of the 1<\lld to grow weeds to feed the cattle. 
It is true, however, that the sudden change-overfrom this 
system to the annual cultivation of cereals, as carried out 
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by the German occupiers between 1940 and 1944, led to 
dangerous infestation by weeds. 

In the nineteenth century the traditional intensification 
of this type of cultivation replaced fallow land by fields of 
hoed plants and fodder crops (e.g., artificial meadows 
planted with leguminous crops, temporary meadow land 
mixed with graminaceous plants or annual fodder crops). 
The North-east, which we have already described as 
underpopulated, is unable to produce hoed crops on a 
large scale and certainly will not be able to do so until it is 
better equipped with tractor-driven cultivators. It could, 
however, even now produce a wide range of fodder crops 
given better harvesting equipment. If these are sown in 
winter (vetch-cereals, fodder-cereals, crimson clover, non
such) their early harvest allows ground clearance to be 
continued throughout the dry summer period. 

Of a total of more than 1,500,000 hectares of land 
fallowed each year, 1 million hectares of a higher average 
quality than that of the land left completely untilled 
could be put under crops in a few years. The potential 
increase in production is therefore at least double that of 
the half-million hectares of uncultivated land, for a con
siderably smaller investment, since it is only necessary to 
supplement the equipment of existing farms. 

CLEARING OF PERMANENT GRASSLAND 

There is no clear line to be drawn between uncultivated 
land which is still grazed over by sheep from time to time. 
and pastureland proper-grazing land of inferior quality 
some of which (particularly on high ground) is no longer 
used. Poor limestone grazing land sometimes makes 
tolerable plough-land. 

In addition, there are the various types of semi-aban
doned land: old artificial meadows, lucerne-fields which 
sometimes have no lucerne left, former temporary mea
dows becoming permanent in conditions unsuited to them. 
It is generally conceded that with an effort all this de
clining land could be brought back into production. 

Another type of abandonment, of at least equal gravity, 
is much less apparent and is mostly disputed. Permanent 
meadowland is often called "natural" meadowland pre
cisely because it is very close to the natural state, which is 
the same thing as abandonment. This state is the anti
thesis of agriculture, or at the very least represents the 
pre-agricultural stage. Three-quarters of the 12,500,000 
hectares under grass in France is abandoned in this sense 
to a greater or lesser extent. This land must be quickly 
reclaimed, particularly now that Europe is overpopulated 
and has lost its industrial monopoly for ever. 

Meadowland can be maintained wherever it has suitable 
or "climatic" conditions: where the soil or subsoil is 
clayey, with a wet climate and with little interruption to 
the vegetal period from the summer drought (Midi) or 
winter cold (North-east), as in Normandy, Bray and the 
Thierache. It is possible, however, to reduce neglect and 
to advance at least to a semi-intensive stage by means of 
constant attention (dressing harrowing) and a rational 
method of cultivation (fallowing and mowing alternately; 
cutting down of waste; the Hohenheim or Warmbold 
system). At its best carefully-tended meadowland can 
have a high acre-value output, with a crop return ,equal 

to that of the best cereal crops of Northern France (50 to 
60 quintals per hectare)•. 

Elsewhere, although extensive, meadowland will con
tinue to be essential for soil conservation, on all moun
tain slopes in combination with forest land. High-altitude 
cultivation gives a poor yield of very short duration and 
has to be supplemented by high acre-value fodder crops 
grown in the valleys to take the place of food cereals. This 
is a survival of autarchy which must be eliminated. It is 
better to carry a few quintals of flour up into the moun
tains than the dozens of tons of fodder roots which could 
be produced on the same acreage (Haut Doubs). 

For three-quarters of a century, however, much grass
land has been wrongly allowed (through lack of the equip
ment needed to offset the drop in population) to spread 
over into areas not suitable for it. At Pommiers (Rhone) 
in the limestone soil of the Beaujolais, the grassland con
stitutes one form of neglect of the vine 5 ; it has gone back 
to the brome-grass and fescue stage and produces barely a 
ton or two per hectare of poor-quality hay cut too ripe, 
while a properly-tended artificial meadow under sainfoin 
in the vicinity has a yield three times as great. 

Going southward from Thierache, in any dry summer 
one can see grass still green in Avesnois, withering at Ver
vins and burnt up at Marie. At the same time and in the 
same place, however, the lucerne is still green with a yield 
almost three times that of the grassland, which has here 
spread beyond its rightful limits. 

Often a good farmer and at times a first-class cattle
bn~eder, the French agriculturist is frequently a bad 
"meadow-grower". Hence, even in districts where the 
climate is favourable, the grassland deteriorates quickly 
owing to the lack or inadequacy of fertilization and the 
irrational method of cultivation. Constant mowing leads 
to the disappearance of white clover, the excessive grazing 
of the late summer leads to the development of rosetted 
plants, and the inadequate manuring of the fields in Ray 
causes the grasses to become rank. 

In areas suitable for grass, ploughing up the land will 
make it possible to adopt ley-farming with its more pro
ductive system of temporary meadows. Outside this area 
more intensive methods may be used requiring more 
frequent ploughing 6 • In soil of average fertility in the 
Val-de-Saone (Les Chenes, Rhone) a farmer succeeded, on 
our advice, in supplying more than half the feed of his ten 
cows for fifty days from 3,000 square metres of heavily
manured land under mixed vetch and cereal. In contrast 
to this, higher up the valley, opposite Macon, land liable 
to inundation has deteriorated to such an extent that 
leguminous plants die off, followed by most types of 
graminaceous plants. 

The increase in the crop return resulting from the 
clearing of a meadow is usually greater than the total 
yield which may be expected from uncultivated land. Old 
grazing land, particularly in an area of rich soil, contains 
an enormous store of fertility in its plant waste and ac-

4 Farm of the Glageons Chateau (Nord) in the Thierache. 
5 According to L. Heclin. 
6 It is proposed to classify the various types of feed production 

in order of increasing intensity, based on the frequency with which 
the soil is turned over (all other factors, such as manuring, re
maining constant). 
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cumulated humus which ploughing alone can release. At 
Glageons a field which was ploughed over after bearing 
seven consecutive crops of fodder beet produced in 55 days 
a crop of 42 tons of fodder barley cut before earing. 

Hence, the clearing of all grassland, whether badly 
situated or deteriorated, represents a much greater po
tential increase in production than the reclamation of un
cultivated land. Taking a broader view, it may be re
garded as the most important item in the scheme of recla
mation, since it should in a few years affect more than one
third of the grassland in France, or more than 1 million 
hectares. 

The ploughing-up of meadowland, which makes it pos
sible to adopt a more intensive fodder-crop production, 
therefore constitutes, taking precedence even over the 
reduction of fallowing, the most important method of 
reclaiming uncultivated land which is economically pos
sible in France. 

THE TILLAGE OF HILLY GROUND IN ALGERIA7 

Let us cross the Mediterranean into Algeria. That por
tion of the country which has an adequate rainfall is most
ly mountainous, while the coastal plains (Mitidja, Philippe
ville, Bone) or the subcoastal plains (Cheliff valley) are 
small in area with soil that is sometimes salt (Province of 
Oran) or marshy (Bone). Most of this flat ground is 
settled, particularly in the Province of Oran. The Moslem 
population has trebled in a century and industrial de
velopment continues at too slow a rate. 

The speed at which cultivation may be intensified py 
means of irrigation is also limited, like the water resources. 
\Vhere there is no irrigation, any increase in crop return is 
limited by the rainfall. In Moslem communities it is diffi
cult to make technical advances generally known, and 
motorization is restricted by the small financial resources 
available. 

Taken together all these factors have led to an increase 
in the acreage under cultivation. While Mr. Miege con
siders that in Morocco a further 3 million hectares may be 
cultivated, Professor Laumont rightly holds that in Al
geria the farming, for cereal crops in particular, of much 
unsuitable land should cease. 

In some places the Atlas Mountains near Elida have a 
population of 100 persons per sq. km. The Service forcstier 
has long tried to protect the soil by reafforestation, seeking 
to apply French law. However in Lozere, and the Basses
Alpes, French provinces which are rapidly becoming 
under-populated, expropriation was easy. 

In the United States it is no difficult matter to adopt an 
exclusively sylvicultural economy in areas with three or 
five inhabitants per sq. km. However, even with special 
types of operation (e.g., utilization of cork and briar roots, 
mast harvesting), forests cannot provide a great deal of 
employment or support a dense population. The appli
cation of laws which entail hardship may lead to revolt. 

Thus, despite all the resources of the law, the fellahs of 
the Elida mountains continued to cultivate the slopes and 
to maintain on the grazing land an excessive number of 
livestock which removed the protective vegetal cover. The 

7 See also the papers by Mr. Valdeyron on Tunisia and by Mr. 
Miege on Morocco. 

area retimbered at great expense remained very much 
smaller than the area deforested every year, particularly 
when war cut off all other supplies of fuel. The Algerian 
forest, which in Roman times covered some 30 million 
hectares, dropped to 3 million hectares and continued to 
shrink like the Wild Ass's Skin. 

It was therefore necessary to protect the soil while 
farming it to feed an excessive population. The study of 
conservation methods employed in Italy, Southern France 
and the United States led in many cases to the adoption of 
the so-called banquette method, the construction of steps 
(banquettes) parallel to the slope at each four-metre con
tour line, close enough together to break the force of 
eroding water and cause it to infiltrate. 

In order to maintain the banquette economically, and 
hence to make it productive, a fruit tree, olive, fig or 
apricot, is planted every 5 metres. The scientific arbori
culturist claims that this method of cultivation is im
perfect and points out that "the setting is not ideal for 
trees". This is true, of course, but the first essential is to 
employ and feed a large number of people. 

He argues that the trees will slide down to the plain; 
but there is no question of anchoring them forcibly to 
their slopes, it is the soil, not the trees, that must be held 
down. Irrigation, however, presents limited scope for em
ployment; motorized citrus growing in the watered areas, 
for example, employs few persons per hectare, and vege
tables do not dowell. Hydraulicworksalonewillnotsolve 
the Algerian population problem, nor is industrialization 
sufficient, although it can help more than is usually 
supposed. 

As in the case of Italy, Japan, Germany and Great 
Britain, the rapid growth of the population makes it 
essential in Algeria to cultivate even the poor soil and its 
steep slopes. The problem then arises whether population 
growth should be stimulated, for example by applying the 
French law on family allowances which was drafted for a 
country with a declining population. This would, in our 
view, be very dangerous, as there are times in Algeria 
when the population increases more rapidly than produc
tion. 

Between the banqztettes the soil is no longer gullied and 
very soon acquires a fresh vegetal cover; it produces ex
cellent grazing and may be tilled without danger. The 
Algerian Service de defense et restauration des sols (Soil Pro
tection and Reclamation Service) treats each year an area 
double that of the previous year and plans to "terrace" 
10,000 hectares in 1949. It is to be hoped that the means 
placed at its disposal will enable it to continue this geo
metric progression for a further three years and then to 
keep the figure at 80,000 hectares per year. There are 
other lands in Algeria, however, which are also threatened 
by the excessive encroachments of the plough. 

FARIIIIXG ON THE EDGE OF THE DESEET 

Overcrowding has driven the farmer too far to the south, 
where rainfall is so irregular that farming becomes a 
lottery. The settlers plough up the sheep-grazing land and 
then abandon it when they find that they cannot subsist 
on the cereals they produce (El Ousseugh). The hardy 
vegetation of the steppe-land, however, which formed the 
summer reserve and constituted the real value of the land 
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(white artemisia or Artemisia herba alba) does not grow 
again. Furthermore, ploughing increases the risk of wind 
erosion. 

Hence the reclamation of the uncultivated land of 
Korth Africa raises very delicate technical problems. It 
can be achieved, without damaging the land itself, the 
bedrock of our civilization, only by means of precaution
ary measures which are sometimes very costly. One 
hectare of banquettes on sloping ground costs 20,000 to 
40,000 francs in capital charges, apart from maintenance. 
Inside Tunisia, protection against wind erosion (wind
break hedges, maintenance of a vegetal cover) is also ex
pensive. 

THE ECONOMIC ASPECT OF RECLAJ\IATIO~ 

This brings us into the economic field. The systematic 
search for the cheapest method of production and the un
limited competition of a liberal economy ruled out in 
theory the adoption of expensive methods of conser
vation. In practice also this economy has assumed the 
destructive character of a "Raubwirtschaft" (unbridled 
exploitation) in America and Africa, particularly in the 
last hundred years. North America took strong counter
action by means of suitably antiliberal legislation (subsi
dies), as did South Africa and the Belgian Congo, and later 
the US6R and North Africa. Damage continues, however, 
on an enormous scale, particularly in South America and 
most of tropical Africa 8 • 

For freedom to be maintained lawless and destructive 
forces must be checked. The problem of soil conservation 
can no longer be left to the free choice of the entrepreneur; 
the landowner can no longer be left in the complete freedom 
provided by the "jus utendi et abutendi" of Roman law. 

For Europe, which has been more successful in pro
tecting its soil, particularly by always combining farming, 
stock-breeding and manuring, the first step is to intensify 
its conservative agriculture. Instead of advocating the 
excessive use of the plough in Africa, at any rate until 
soil-conservation methods are fully developed and carried 
out on a large enough scale, it is better for Western 
Europe to prevent the excessive use of grass within its 
own boundaries, by using the plough. 

However, the intensification which will be promoted by 
this valuable tool of civilization (which can also become an 
instrument of destruction in the hands of those sorcerers' 
apprentices, the settlers) will increase production and thus 
aggravate, in well-equipped countries, a problem quite 
opposite to that of Algeria. While there is anxiety about 
the livelihood of the North African population, there is no 

8 William Vogt: Road to Survival. 
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general reassurance about the economic future of the 
efficient farmer, about the possibility of his finding "pro
fitable" outlets. 

Here, too, the liberal system can no longer operate and, 
moreover, "Marshall aid" has clearlv discarded it. The 
latter constitutes a first step (rar~ly admitted by its 
initiators) towards a distributive economy which will 
permit the surplus wealth of the rich nations to pass, 
without compensation, to the countries too poor to pay 
for it. 

The anxiety expressed by some of our colleagues in 
America was that if Asia were thus crammed with food, 
the standard of living would not be greatly raised but the 
population would be increased to such an extent that it 
would one day wrest world-control from the \Vest. This 
reveals the whole range of technical, economic and even 
political problems raised by the reclamation of unculti
vated land and the distribution of its produce. 

Although not qualified to go deeply into these consider
ations within the scope of this Conference, we have thought 
it desirable to mention them in order to give an idea of the 
complexity of the problem. 

With regard, however, to overcrowded Europe with its 
dwindling possibilities of external acquisition, the path to 
be taken seems fairly clear. A parallel effort must be 
made, in four main directions: 

Towards an intensive, high hectare-yield system of 
agriculture, as in Belgium, Holland or Denmark, the 
restriction of meadowland being the most effective method 
of achieving this; 

Towards a system of agriculture which is highly pro
ductive in terms of labour employed, by means of me
chanization as in the United States; 

Towards developing the agriculture of the dependent 
territories, in so far only as does not endanger the land, on 
the basis of Anglo-Saxon experience (British African 
colonies, United States); 

Towards seeking an economic structure adapted to 
modern conditions of plentiful production: for this pur
pose both British experience and the planned economy 9 of 
the USSR and Eastern Europe provide lessons which 
should not be neglected. 

Without this fourfold effort our standard of living 
would steadily decline. Together with our economic in
dependence, we should lose all claim to any part of our 
former role of spiritual leaders of a great portion of the 
world. 

9 I have said nothing about the political structure, but the latter 
should not obscure the solidity of the economic structure. 
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Possibilities and Problems in the Reclamation of Land in 
Central and Southern Tunisia for Rational Agricultural Use 1 

C. VALDEYRON 

The subject can only be dealt with from the agri
cultural point of view on the assumption that the problems 
of land tenure and security have been settled. We do not 
propose to revert to those problems. 

The region between the Tunisian dorsal range and the 
Shott El Jerid mountains on the one hand, and the sea and 
the Algerian frontier on the other, is perhaps the region in 
which most can be expected from reclamation: the present 
agricultural yield of this area of some 3 or 4 million 
hectares, where the average rainfall is 150 to 250 mm., is 
extremely small with the exception of the Sfax olive-tree 
forest. It has been proved that rational agricultural de
velopment can lead to a large increase in the resources 
there. 

The technical methods of reclamation are of three kinds 
and may be classified as follows according to the length of 
time required for results: development of pasture-land, 
creation of irrigated centres, shrub plantations. 

In my view, pasture-land should be the main consider
ation in existing circumstances. A minimum area of 60 
per cent of the whole territory in question may be allotted 
to it, even if part of that area is subsequently transferred 
to plantations. All land which is too clayey for olive trees 
should be assigned to pasture and only a few areas where 
the soil is very light and deep, and suitable only for the 
cultivation of almond trees can be definitely excluded. 

We already have one definite technical fact in this con
nexion: the number of hectares per sheep should be fixed 
at between three in the south (Gafsa, Maknassy) and two 
in the north (Sbeitla, Kairouan). If the area per sheep is 
smaller the flocks tend to attack the dry bush at the least 
sign of drought, and this inevitablv deteriorates the 
pasture-land. Some ten years of strict prohibition are 
then necessary for proper restoration of the flora, provided 
that wind erosion does not still further impair future 
prospects. There are many instances of mistakes made in 
this way, to speak only of those for which figures are a vail
able. 

On the other hand, we are still far from certain of the 
best breeds to be used, methods for their distribution 
and so on. Very considerable efforts still remain to be 
made in zootech~ical research. 

The problem of watering points does not seem to arise 
in Tunisia. Moreover, the development of areas irrigated 
by means of artesian wells or medium-sized dams is in 
process of being carried out. It is likely that at least 5 
per cent of the region can be transformed into "oases" in 
this way. The technical problem here is essentially one of 
agricultural hydraulics. The natives have frequently 
shown that it is perfectly possible, even given poor tech
nical conditions, to make good use of irrigation in these 
lands which generally are permeable. Irrigated olive 

1 Original text: French. 

groves and apricot orchards (date-palms in the south) 
shelte~ing fo?d crops are being created round the existing 
watermg pomts. Clearly, these efforts should be guided 
and failures avoided by soil prospecting which would eli
minate land unsuitable for irrigation (there is plenty of 
land which is suitable). It is chiefly important to give 
stock-raising, or rather forage production, as large a place 
as possible in these centres. Lucerne, cereals for silage, 
even cactus (in places where irrigation can only be aux
iliary) allow of stock-raising on farms (and hence the 
restoration of the soil's moisture reserves and the main
tenance of a good soil structure) and, above all, provide 
fodder supplies for the flock at times of shortage (which is 
the only way of increasing the density of the sheep popu
lation referred to above). 

Lastly, the example of the Sfax olive-tree forest and its 
extension in depth, the vestiges of Roman plantations and 
the experiments made by a few daring innovators during 
th~ last fifty years show that all land with light surface 
soil can be planted sooner or later. When the subsoil is 
relatively fertile, the planting of olive and apricot trees is 
especially indicated, particularly when the run-off can be 
arranged so as to provide them with occasional water once 
every year or every two years. Soils whose lightness in 
depth is most regular are particularly good for the culti
vation of the almond tree,after the jujube trees and couch
grass have been destroyed, and provided that the soil is 
protected against wind erosion (by lines of saccharums, 
reeds, dry hedges and other vegetation). Here the problem 
is to define the areas suitable for the various species, to 
find the best methods of combating the action of wind on 
soil, and particularly to organize the processing, storage 
and sale of the products. Well-kept cactus plantations, on 
the same land as that suitable for olive trees, may also 
enable regular sheep-farming to be carried on. 

It remains in this short outline to determine the place 
of several traditional species such as esparto grass and the 
cereals. 

Esparto grass will long maintain its present position in 
connexion with stock-breeding. However, the raising of 
the population's standard of living, the fact that some 
markets will tend to become narrower in the future and 
the possible production of esparto grass as a crop make 
that position a temporary one. 

The cereals will also be largely eliminated from the re
gulated economy of these regions. They will, however, 
continue to be grown in small quantities in the oases but 
will be used above all for intermediate crops in the young 
plantations. The hoed leguminous plants advocated for 
this purpose in :Northern Tunisia appear hardly suitable 
for the very light tree-growing soils of Centn;l Tunisia. 
Moreover, in these soils cereals are less injurious to trees 
than in the argillo-calcareous soil of the north. Thev have 
the further advantage of protecting the soil frorr; wind 
erosion and the young trees from sandstorms. 
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Opportunities for the More Effective Agricultural Use 
of New Lands 

F. HELLINGA 

ABSTRACT 

In recent ages large parts of the Netherlands were reclaimed either from the sea or from waste land. 
Since 1930 two polders, of 20,000 hectares and 48,000 hectares respectively, were enclosed and reclaimed in the former 

Zuyder Zee. In the near future two additional polders, totalling 150,000 hectares, will be added to the already cultivated 
area. 

Reclamation of estuaries, passages and creeks along the shore is profitable only when the soil has an upper layer 
containing at least 13 to 15 per cent particles< 0.016 rnrn. to a depth of 70 to 80 ern. As most of these estuaries consist 
mainly of pure sand, elaborate systems are applied to promote the precipitation of the silt suspended in the sea water. 
Sandy soils are suitable for reclamation if it is possible to infiltrate fresh water after reclamation and to maintain the 
water table at 50 to 80 ern. below the surface. 

The reclamation of waste land has been of great importance. At present the area of waste land is almost reduced to 
its minimum. Great efforts are being made to construct ploughs for reclamation work with a performance comparable 
to the effects by manual labour. Specific work accomplished by bulldozers is judged by the same standard. 

Of the total area of the Netherlands 2,400,000 hectares 
(6 million acres) or 73 per cent is cultivated land. The 
western and northern regions are a very flat low-lying 
country protected by dykes against flooding by the sea 
or the rivers. This area of approximately 1,300,000 
hectares (3,200,000 acres) consists of alluvial soils; viz., 
marine silt, river silt and peat. Since 1500 some 350,000 
hectares (850,000 acres), formerly lost to the sea, were 
recovered for agriculture. Moreover, a little less than 
100,000 hectares (250,000 acres) have also been acquired 
by reclamation of lakes and pools. 

In the higher parts of the Netherlands, situated in the 
east and south of the country, are 1,100,000 hectares 
(2, 700,000 acres) of cultivated land, mainly consisting of 
diluvial sand and some marshes. In these regions 600,000 
hectares (1,500,000 acres) of waste land were turned into 
arable land and grassland during the last hundred years. 

Between 1930 and 1940 activity in the domain of re
clamation was intense. In the sandy regions annually 
5,000 to 10,000 hectares (12,500 to 25,000 acres) of new 
land were acquired. At the same time the Wieringermeer
polder (20,000 hectares or 50,000 acres) in the former 
Zuyder Zee was reclaimed. In 1942 the second polder in 
the Zuyder Zee, the North-East Polder (48,000 hectares or 
120,000 acres), became dry. 

Three further possibilities of continued reclamation will 
be discussed below. 

Further acquisition of land in the former Zuyder Zee 
The drainage of two more polders with an area of 

150,000 hectares (375,000 acres) is being planned. After 
building the enclosing dykes pumping stations will be 
erected. Canals will be dredged under water even before 
pumping has been started. When the polder is drained 
ditches and trenches will be excavated. This extensive 
drainage system aims at maintaining the water-level at 
4.5 to 6 metres (15 to 20 ft.) below the average sea-level. 
The bottom of the sea, the future surface of the land, lies 
3 to 4.5 metres (10 to 15ft.) below sea-level. The Zuyder 
Zee was a large inland sea or basin, connected with the 
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North Sea by rather narrow passages. Owing to these 
facts its bottom consists for the greater part of good soils 
mostly light and heavy loams. 

Reclamation of estuaries, passages and creeks along the 
shores of the Netherlands 

These waters are to be found within the main outer line 
of the Dutch coast. Some stretch as far as 50 km. (30 
miles) inland, being the lower courses of the rivers Scheidt, 
Meuse and Rhine. Their total area (excluding the Zuyder 
Zee) is approximately 550,000 hectares (1,350,000 acres). 
The bottom of these waters consists chiefly of sand as the 
force of tidal streams prevent the silt suspended in the 
water from settling. Only in a narrow strip along the 
shore, at places not subject to suction of lateral currents, 
does the upper layer of the bottom consist of silt. 

The precipitation of silt is promoted by reducing the 
flow of the water. To this purpose dams are constructed 
at intervals of 400 metres (1,300 ft.) at right angles to the 
coastline. They intercept the lateral currents. Smaller 
dams parallel to the coast at intervals of 200 metres 
(650 ft.) direct the tidal streams through gaps left in the 
middle, half-way between two large dams. In this net
work of dams (Figure 1) the water comes to a standstill 
and thereby the precipitation of silt is promoted consider
ably. Trenches are dug out to provide for a good drainage 
of the areas within the dams. When the tide has receded 
the newly deposited silt has the opportunity to attach it
self to the top layer of the warp. 

This method of acquiring new land demands a good deal 
of labour. Shortage of labour, as was experienced during 
the war, interrupts the upkeep of dams and trenches and 
causes considerable loss of mud flats. Application of 
machinery is possible but difficult as at most places warps 
cannot carry heavy loads. 

Also the planting of Spartina grass in shallow waters 
promotes the accumulation of silt. Spartina Townsendii 
gave very good results in the south-west of the Nether
lands and if the shape of a creek is suitable it is even pos-
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sible to leave out the dams. In some other regions Sparti
na does not thrive. 

A rough estimate of the area reclaimed by the described 
method is an annual total of 200 to 400 hectares (500 to 
1,000 acres). Large works, such as the alteration of the 
lower courses of rivers or the building of dykes to connect 
islands with the mainland, may open new possibilities to 
reclaim land from the sea. On the other hand, accumu
lation of silt may be impeded by changing the trend of the 
stream. 

-400M-

Figure l. Acquisition of new land from the sea by building of dams. 

Reclamation of waste land 

Heaths, marshes, etc., cover an area of approximately 
225,000 hectares (550,000 acres). Dunes and sand-drifts 
are too poor for normal cultivation, and as far as possible 
they will be converted into forests. As a matter of fact, 
the total forest area in the Nether lands is very small 
(nearly 250,000 hectares or 600,000 acres). Large areas 
have to be reserved for building purposes, airfields, re
creation grounds, etc. Reclamation is now restricted to 
approximately 75,000 hectares (175,000 acres). 

opinion still prevailed when the use of fertilizers was al
ready a well-established common practice. In the last 
decades the fertility of the soil has lost its dominating 
aspect and stress is now laid upon the physical qualities. 
Of these qualities the water capacity is decisive. 

When ground-water and the capillary zone are below 
the range of the roots, the crops have to rely for their 
transpiration on the water stored in the upper layers and 
on the replenishment of this store by rain. The rainfall 
distribution during the summer months is shown in 
Table 1. 

Table I. Monthly Rainfall in May, June, July and August in the 
South-West of the Nether lands. Frequency of a Monthly Rain

, fall of 0 to 30 mm., 30 to 60 mm., etc., in a Period of Forty Years 
(25 mm. = 1 inch) 

Oto30mm. 30to 60mm. 60to 90mm. > 90mm. 
l\Iay. 7 19 12 2 
June. 8 16 9 7 
July. 7 12 9 12 
Angust. 8 12 9 11 

Monthly transpiration of crops amounts to 75 to 125 
mm. (3 to 5 in.). In many years the rainfall proves in
sufficient. In other years a rather heavy rainfall may 
occur in a relatively short time, while the crops need the 
water for a long-lasting period of drought. The conclusion 
has to be arrived at that even under the climatic condi
tions of the Nether lands the water capacity is a decisive 
factor when the quality of a soil has to be determined. 

It is assumed that a soil can hold enough water for the 
transpiration of crops when the upper layers consist of 
13 to 15 per cent of particles < 0.016 mm. to a depth of 
70 to 80 em. When silt has accumulated to this extent 
reclamation can be taken into consideration. On soils 
where these conditions are wanting, yields are very low 
and efficient cropping is impossible, unless fresh ground
water is available at a depth of 50 to 80 em. In reclaiming land from the sea the foremost consider

ation is the quality of the prospective land. As was pointed 
out before, the polders in the former Zuyder Zee consist of In order to discuss the application of machinery for 
soils of good quality because conditions for the precipita- heavy reclamation work in waste land, the following 
tion of silt have been favourable. Here the costly method groups can be distinguished: 
of enclosure and draining of land 3 to 4.5 metres (10 to (a) Hard pan soils. At a certain depth a compact layer 
15 ft.) below sea-level is justified. Elsewhere, however, (developed as agley horizon or as B-horizon of a podsol) 
the bottom of the sea consists only of poor sandy soils. In impedes the percolation of the water. The hard pan must 
these regions laborious schemes aimed at the deposition of be worked and opened to the access of air, the free pene
silt preceding enclosure and further reclamation, are in- tration of the roots and draining of excess water. Many 
volved. soils with a hard pan are already cultivated. Their original 

::-.l"evertheless, it is possible to start agriculture on soils reclamation was poorly carried out, but reconditioning 
of pure sand if special conditions prevail. An example is will yield appreciable results. 
the bulb district where bulbs are grown on dune sand. (b) Podsols with a thick bleached A2-horizon. In order to 
Here, the suitability of the soil depends upon an exactly obtain a good tilth it is thought necessary to shift this 
correct depth of the water-table, viz., 50 to 60 em. (nearly horizon to a greater depth, with the alluvial B-horizon 
2 ft.). Fresh water must be available. Other crops can be taking its place. The Ao- and Al-horizon, rich in organic 
grown under similar conditions. However, in the areas matter, are mixed with the B-horizon and in due time the 
intended for reclamation, the bottom of the sea has a very result is a soil suitable for growing rye, rapes, etc. 
irregular topography. Levelling, hardly justified because With these types of reclamation it is essential to work 
of the high expenses incurred, does not solve this problem the subsoil and to keep the upper layer at the surface. 
as it is very difficult indeed to supply fresh water. So it is Thorough subsoiling is required, but the ordinary subsoil 
inevitable that reclamation must be restricted to soils with plough is not suitable to attain results intended by this 
sufficient silt content (particles- 0.016 mm.). type of reclamation. The following methods can be 

Formerly only rather heavy soils (heavy loam or clay) applied: 
were considered suitable for reclamation. An important (1) M annallabottr. Owing to its high cost the use of the 
factor was their fertility as fertilizers were unknown. This spade is mainly restricted to periods of unemployment. 
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(2) Ploughing. This would require the construction of a 
type of plough which could work the subsoil as desired 
without burying the topsoil. For a long time endeavours 
have been made to construct a proper plough. Usually it 
consists of a skim plough with a long breast and a main 
plough. The skim plough lifts the topsoil. and carries it 
over the share of the main plough which in the meantime 
has turned or worked the subsoil. The shares of the skim 
plough and main plough can be adjusted at varying 
depths. Results depend largely upon the coherence in the 
different layers of the soil. Frequently the subsoil is not 
fully turned over and the topsoil is lost by dropping into 
the spaces between the furrows of the subsoil. Experi
ments are being continued. For the present it is estimated 
that the cost of reclamation by ploughing has been re
duced to approximately 30 per cent of the cost of manual 
labour. 

(3) Reclamation with bulldozers. When bulldozers be
came available after the war in the Netherlands, it was 
found that they could be used to advantage on heavy re
clamation work. They proved to be very useful for level
ling slightly undulating land at short distances. 

An important item in reclamation is the topography of 
the land. Areas with an irregular topography, i.e., of an 
undulating aspect, and with a rather high ground-water 
table, require levelling in order to create equal conditions 
for plant life over the whole tract. On such land ploughing 
is impossible and either method (1) or (3) has to be applied. 
The following example gives some idea of the cost of heavy 
reclamation work. 

The waste land is heath with 10 em. of topsoil rich in 
organic matter upon 10 to 15 em. of brown sand. The sub
soil is yellow sand. The layer of brown sand and the upper 
layers of the subsoil are compact though a hard pan is 
missing. The plot needs levelling. 

Using labour, method (1), a trench of about 1 metre in 
width is made by digging out the topsoil including the 
brown sand. In this trench the subsoil is levelled. Tilt 
carts on rails along the trench provide for transport. Then 
the subsoil is broken up to a depth of 30 em. with the 
spade. The trench is filled up again with the topsoil of the 
adjacent strip, where the following trench is dug out, 
and so on. 

In applying method (3) the topsoil of a wide strip is 
pushed aside. Bulldozers level the subsoil which is 
ploughed to a depth of 30 em. After that, bulldozers push 
the topsoil of the next strip over the levelled and ploughed 
subsoil. 

The quantity of soil removed, when the subsoil is 
levelled, amounts to 1,000 cub. metres per hectare (1,425 
cub. ft. per acre) and the average distance to be covered is 
60 metres (200 ft.). 

On this plot, reclamation according to method (1) re
quired 2,300 man-hours per hectare (950 man-hours per 
acre), and the cost of materials was low. The cost of 
method (3} amounted to 1,890 guilders per hectare ($290 
per acre). 

At present the use of heavy machinery for reclamation 
is still in its experimental stage. It is thought possible to 
reduce the cost in the future. 

Bibliography 

Tijdschrijt van de Nederlandse Heidemaatschappij (Journal of the 
Netherlands Heath Society), Arnhem. 

Het Veen en Ontginning (Peaty Soils and their Reclamation). 
Edited by Ketherlands Heath Society, 1941. 

"Over landaanwinning" (On the acquisition of land from the sea), 
De Ingenieur, The Hague, 1938, B 123 and 1946, B 123. 

Investigational Technique in Land Settlement-with Particular 
Reference to the Commonwealth (Australia) War Service 
Land Settlement Scheme 

T. H. STRONG and A. J. CAMPBELL 

sm.IE PROBLE:MS OF THE PAST 

In the settlement of Australia and in the development 
of her agricultural resources prior to the Second World 
War, there had not emerged any very clearly defmed 
technique of land settlement designed to cover all essen
tial aspects, including the detailed assessment of climate, 
soil. the problems of clearing and preparation of the land, 
the economic prospects of production units on a long
term basis, soil conservation programmes, the aptitude 
and training of and credit. History reveals the 
fact that there have been resource wastages, inefficiency 
in the utilization of land, human hardships, and much 
economic loss to the country as a whole. 

Where the principles of laisser~faire have prevailed 
many problems have finally emerged, whilst, on the other 
hand, organized land settlement has been a mixture of 
success and failure. A very significant number of the 
settlement projects following the First World War were 
partial failures, judged by the direct financial losses that 
have been incurred and the hardships of many of the 
participating settlers. V.Thatever the main causes of the 
failures-and many have been listed-overplanning ha..s 
never been included amongst them. On the other hand, 
much of the trouble arising in the decade or two after the 
initiation of settlement can be attributed to climatic 
hazards, problems of the soil, and the limitations of farm 
size, whilst emphasis must be placed upon such develop-
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mental difficulties as forest or scrub clearing, the lack of 
credit and repayment policies adapted to the progressive 
development of farm units and allowing for the time 
necessary to attain the required productive level, and also 
to the inexperience of the settlers themselves in their 
particular undertakings. 

In some cases the clearing and the preparation of the 
land proved to be not an economic proposition were left 
to the individual settler unaided by specialised mechanical 
equipment. Although many of the early pioneers when 
able to combine successfully a skill in clearing land with 
an acquired art of reasonably efficient farming, it must be 
realized by land settlement authorities that the test of 
ability to operate a farm unit is not based on the skill and 
physical qualities necessary to prepare a farm for pro
duction under conditions which obtained in earlier days. 

ORIGIN AND BASIS OF THE PRESENT SCHEME 

The War Service Land Settlement Agreement Act 
which was proclaimed in 1945, authorizing execution of 
the agreements between the Commonwealth and States, 
following comprehensive discussions with Rural Authori
ties over almost two years, embodies certain principles 
which have enabled settlement to be implemented in a 
way in which the likely causes of failure can be minimized. 
These are the principles: 

(a) Settlement shall be undertaken only where the 
economic prospects for the production concerned are 
reasonably sound, and the number of eligible persons to 
be settled shall be determined primarily by opportunities 
for settlement, and not by the number of applicants. 

(b) Applicants shall not be selected as settlers unless a 
competent authority is satisfied as to their eligibility, 
suitability, and qualifications for settlement under the 
scheme, and their experience of farmwork. 

(c) Holdings shall be sufficient in size to enable settlers 
to operate efficiently and to earn a reasonable income. 

(d) An eligible person deemed suitable for settlement 
shall not be precluded from settlement by reason only of 
lack of capital, but a settler will be expected to invest in 
the holding such proportion of his own financial and other 
resources as is considered reasonable in the circumstances 
by the appropriate State authority. 

(e) Adequate guidance and technical advice shall be 
made available to settlers through agricultural extension 
services. 

land, New South Wales, and Victoria are defined as 
"Principal States" and West Australia, South Australia, 
and Tasmania as "Agent States" in their relations with 
the Commonwealth in the Joint Administration of the 
Scheme. The main practical difference is the variation in 
the proportion of financial responsibility borne by the 
respective groups. The Commonwealth interest is both in 
the rehabilitation of ex-servicemen and in the provision of 
finance for the implementation of the Scheme. The War 
Service Land Settlement Division in the ·Ministry of Post
War Reconstruction has been set up to handle the Com
monwealth side of the Joint Administration, and the 
services of technical officers of the Bureau of Agricultural 
Economics were made available to investigate technical 
aspects of the proposals and to advise the Director of 
W.S.L.S. 

INVESTIGATIONS ESSENTIAL TO THE SCHEME 

Naturally the investigational approach is conditioned 
by the principles set out in the Act that have been pre
viously referred to. Particular attention is given to: 

(a) The economic prospects for the type of production 
concerned; 

(b) The suitability, on technical grounds, of the par
ticular parcel of land for the proposed production; 

(c) The determination of farm sizes adequate to meet 
the requirements set out in the Agreements Act; 

(d) The adaptation of land usage and farm practices to 
soundly established principles of the long-term main
tenance of fertility or productive capacity. Both credit 
policy and farm size are inter-related with this. 

Economic prospects 
The assessment of the economic prospects for a particu

lar commodity resolves itself finally into a judgment, 
which is made only after a complete and detailed analysis 
of many factors, amongst which are the following: 

(a) The history of the supply of, and the prices received 
for the commodity over one or more pre-war periods, to
gether with a consideration of influential conditions 
during that or those periods. 

(b) Changes in techniques, marketing arrangements, 
and government policies which either are already in
fluencing or which are likely to influence, in the not far 
distant future, the supply of and the demand for, the 
commodity. 

In this way, too, it is possible to formulate "conserva
tive estimates of prices for commodities over a long-term 
period", as required by the clause of the Act dealing with 
valuation (previously referred to). 

The Agreements also make it obligatory for the Com
monwealth and State officers, appointed under the Act to 
fix the valuation on which Crown commitments will be 
based, "to have regard to the need for the proceeds of the 
holding (based on conservative estimates over a long-term Physical suitability 
period of prices and yields for products) being sufficient to The general suitability of a property or tract of land for 
provide a reasonable living for the settler after meeting inclusion within the Scheme of Settlement depends upon 
such financial commitments (excluding principal repay- many factors, amongst which are topography, actual or 
ments under any agreement between the State and the potential water supply, soil type and conditions in relation 
settler for the purchase of land) as would be incurred by a to the proposed usage, climate, weed, pest, and disease 
settler possessing no capital." problems, the availability of market and transport facili-

The States initiate Settlement under the Agreement (the ties and amenities, and the nature of developmental 
Commonwealth power in respect to Land Administration problems such as clearing and drainage. 
is restricted by the Constitution), and they submit indivi- In the climatic assessment, experience or knowledge of 
dual proposals for approval under the Scheme. Queens- the minimal conditions for the persistence of the particu-
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lar pasture type proposed or the success of the intended 
crop is sought, together with a detailed investigation of 
past records to determine the reliability of occurrence of 
necessary conditions. Nature of rainfall incidence, both in 
intensity and distribution, evaporation, frost and flood 
hazards, are taken into account. The Commonwealth 
Directorate of Meteorology has provided invaluable 
assistance. 

In regard to soil suitability, a copy of all proposals is 
forwarded to the Division of Soils of the Commonwealth 
Council for Scientific and Industrial Research for particu
lar comment on any soil aspects which may need to be 
reviewed critically. In all irrigation proposals this Autho
rity is consulted, and usually is called in for detailed sur
vey prior to preparation of settlement plans, although in 
some cases the soils experts of the State Departments of 
Agriculture and Stock, who work in close collaboration 
with the Commonwealth group, may cover the proposals. 
The advice of the Council for Scientific and Industrial 
Research is often sought, too, where a new development is 
planned, or the more intensive use of a tract of land with 
particular soil hazards. 

In some of the States, the Soil Conservation Service is 
consulted at an early stage in planning, for comments 
and advice upon erosion susceptibility and appropriate 
measures for offsetting such hazards as could arise. On 
grazing propositions they may advise on what are 
considered safe or long-term stocking rates. 

Some estimate of performance or potential productivity 
of the various land classes must be made at this stage of 
the investigations, and the experience and knowledge of 
local officers of the Extension Service of the State De
partment of Agriculture are important, both in this regard 
and for the advisable farm practices for the settlers. 

The problem of farm size 

A critical and very difficult question is that of farm size. 
The general aim is an efficient family farm which, within a 
reasonable time, will measure up to the productive re
quirements necessary to meet the financial commitments 
at the required rates on all capital involved, and to pro
vide a reasonable standard of living. It must be re
membered that the settler need have no capital to begin 
with, and, if the labour necessary to operate the particular 
class of unit efficiently under modern conditions of pro
duction is beyond the capacity of an average settler, then 
there must be provision for labour in the potential returns 
from the farm. If family labour is used instead, then there 
shall be scope for rewarding it at the normal rates for 
hired labour. It is assumed that settlers under the Scheme 
will have average managerial capacity, and accordingly 
productive performance is assessed on the basis of the 
average. 

Some account is usually taken by investigating officers 
of the present sizes of farms in the region and their 
history, but it is borne in mind that the capital structure 
of existing farms may be materially different from that 
required in newly established holdings, and the influence 
of relative movements in present day costs for structural 
improvements, plant and stock must be weighed care
fully. Also, in order to make use of the most up-to-date 
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technology or methods of production, adjustments in size 
may need to be made. 

The farm budget 

The budget technique provides a valuable check on sub
divisional possibilities and also a basis for the approach to 
valuation as required under the Act. In this technique is 
embodied: 

(a) An assessment of the capacity of the holding in 
terms of livestock, or a combination of crops and live
stock, or, in some cases, of crop only. This must be based 
on the principle of the long-term maintenance of produc
tivity and the Act requires "Conservative estimates over 
a long-term period of prices and yields for products". 

(b) An estimation of the capital costs involved in 
establishing a settler on the proposed block~i.e., the costs 
for land, improvements, plant, stock, etc. 

(c) The calculation of the probable working or oper
ating expenses associated with the production envisaged 
under (a) above. 

From this stage it is possible to estimate the annual 
"working profit" from which a settler, possessing no 
capital, must meet his financial commitments and derive 
"a reasonable living". 

THE SCOPE FOI{ EFFICIENT RESOURCES DEVELOPMENT 

WITHIN THE SCHEME 

The farm budget is a very useful test at the sub
divisional stage. It can be used, too, at the valuation 
stage. One of the most practicable uses is in conjunction 
with the developmental programme for particular proper
ties. On the basis of a progressive annual series of farm 
budgets, a developmental plan can be integrated with 
credit policy. The Land Settlement Authority can see the 
settler through to the stage at which he can stand on his 
own feet and meet his financial commitments whilst main
taining a reasonable standard of living for himself and his 
family. In this way the best interests, both of the financ
ing authority and the settler, may be served. This is 
particularly important where a clearing andjor pasture 
establishment programme is involved, and some time 
must elapse before the unit becomes reasonably produc
tive. Many of the projects under the Scheme are within 
this category, and included are particular ones where 
virgin scrub land is being converted to pastures for fat
lamb production, or where swamp land is being drained, 
cleared, and set down to pasture. 

A particularly interesting class of resource develop
ment under the War Service Land Settlement Adminis
tration is a tobacco growing scheme, in which the land is 
cleared, irrigation facilities are developed, and the in
coming settlers trained intensively for this specialized type 
of production set up on the basis of the most advanced 
technology. The units are planned to be large enough to 
be run as highly efficient family farms employing some 
labour and particularly seasonal. Also they are large 
enough to carry the overhead costs of efficient mechani
zation. 

Thus it is proving possible in this settlement scheme, 
jointly administered by the Commonwealth and the 
States, to effect an integration of the best scientific know-
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ledge available from the climatologist, the soil expert, the 
agriculturist, and the conservationist, the analysis and 
judgment of trained economists, with flexible adapted 
credit policies adjusted to farm developmental pro
grammes. In addition, all the States have established 
intensive training courses in general farm technology for 
potential settlers, who may receive also financial as-

sistance both during training and establishment periods. 
Under the general conditions of this scheme, it should 

prove possible to establish a technique of land settlement 
which will provide a basis for the efficient development 
and utilization of particular agricultural resources. This is 
extremely important in a comparatively young, expanding 
country such as Australia. 

The Reclamation and Utilization of New Lands in Morocco 1 

E. MIEGE 

The problem of the reclamation of new lands for agri
culture, raised by the Economic and Social Council of the 
United Nations, postulates their development and agri
cultural utilization. It therefore forms an integral part of 
the general plan for Moroccan agriculture. 

The present distribution of the 398,627.9 sq. km. of the 
Sherifian Empire may be expressed by the following 
table: 

Sown lands ............. . 
Fallow lands . . . . . . . . . . . . . 
Orchards, vineyards and gardens . . . . . 
Ranges and lands partially cultivable after 

improvement . . 
Jl,!erdjas (marshes) .. 
Forests ...... . 
Area under haifa grass 
Uncultivable land . . 

Hectares 
3,909,000 
2,937,000 

200,000 

7,958,000 
92,000 

3,729,000 
2,200,000 

19,000,000 

A certain area of land which is not at present cultivable 
could, however, be reclaimed by means of drainage, 
grubbing, stone clearing and so forth. Similarly, the pro
gressive execution of a vast irrigation programme would, 
by transforming rain-crop areas into irrigated territory, 
not only increase their productivity but also put them to 
fresh uses, included in the over-all development plan. 

The reclamation might, very approximately, affect the 
following areas: 

Hectares 

Merdjas (marshes) . . . . . . . . . . . 90,000 
Fallow land . . . . . . . . . . . . . . 1,500,000 
Areas and lands cultivable after improve· 

ment . 1,410,000 

TOTAL • • • • . . • • • • • • . • 3,000,000 

Although this reclamation would be extremely advan
tageous, it should not apparently alter the general direc
tion of agriculture in the country, a direction which, 
moreover, has not yet been clearly defmed. Nevertheless, 
the broad outlines have been traced, at least partially, by 
the provisions of the Monnet and Marshall Plans, which 
practically impose upon North Africa, and hence upon 
Morocco, certain obligations, compliance with which im~ 
poses conditions on agricultural production. Other con
ditions have been determined by the demographic and 
social evolution of the country and also by the condition 
of its trade balance. All these many and various factors, 
which are associated with if not dominated by the natural 

I Original text; French. 

conditions of the country, determine in varying degrees 
the direction of local agriculture. The constant increase of 
the population and the commendable aim of improving 
its standard of living make absolutely necessary a parallel 
increase in the supply of foodstuffs, which are at present 
inadequate. On the other hand, the growing deficit of the 
trade balance and the imperative need of the country for 
equipment make it essential to develop any exports that 
can produce currency. 

These two major requirements, equally urgent and par
tially contradictory, dominate agriculture, and determine 
the paths it should follow to meet them. 

The first implies extension of the cultivation of cereals, 
vegetables, fruits, oil plants, and forage (to obtain dairy 
and meat products), in order to provide a normal and, if 
possible, an improved supply of food for the inhabitants. 
It might also lead to an increase of textile production. 

The second would result in the introduction or de
velopment of agricultural ventures of which the products 
might be exported, together with surplus food products. 

\Ve consider that a rational and flexible compromise, a 
harmonious interplay, between those two tendencies will 
have to be found, with due allowance for the possibilities 
of cultivation. 

An interim solution might be the export of certain food 
products (hard wheat, soft fine wheat, brewers' barley etc.), 
in small quantities but to assured remunerative markets 
and their replacement by less-costly substitutes (such as 
ordinary soft wheat). 

A further consideration, affecting the aforementioned 
factors, is the use of irrigated areas, the high cost and 
potentialities of which call for the choice of highly profit
able crops. In view of all those factors, some of which are 
contradictory, it would seem that :Morocco should: 

1. Extend the area under cereal, restricting wheat pro
duction to the regions which suit it and in which a moder
ately profitable yield, at least 20 quintals per hectare, 
could be ensured and using the other areas for less exacting 
secondary cereals (for local food needs and for export). 

2. Increase the cultivation of food and oil plants to 
provide, with the cereals, a normal supply of food and a 
sufficient number of calories for the growing population. 

3. Develop forage crops, to provide dairy products, 
which Morocco still mainly imports, meat and also possi
bly the forage itself (e.g. pulverized lucerne) and forage 
seeds, for which markets could certainly be found abroad. 
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Temporary and artificial meadow and other forage 
plants still only cover an insignificant part of the country 
and might be greatly increased, especially in the irrigated 
areas. At present the food supply of the European cattle 
consists only of lucerne, clover, maize, silage and vetch
oats. The large Moroccan livestock population, over 20 
million head, has to be content with stubble and fallow 
usually poor and over-loaded. There is no reserve forth~ 
autumn and winter months, and this situation results in 
an excessive annual loss. 

It is essential to regenerate and protect these natural 
pastures, which are often rough and dried up by the end of 
the summer, and to set up shelters, however primitive, 
and watering places. 

It is useless to breed livestock only to allow it to perish 
regularly for lack of elementary care. Without such care 
it is also superfluous to attempt to improve the local stock, 
which, in spite of its astonishing hardiness, cannot resist 
the ordeals to which it is periodically subjected. The 
beneficial and assiduous activities of the Stock-breeding 
Service, in the campaign that it has organized against 
internal and external parasites in animals and against 
epizootic diseases, are indeed as praiseworthy as they are 
useful, but they will not bear full fruit until regular and 
adequate food for the livestock is ensured. 

The search for and use of xerophilous forage plants, to 
which we have devoted twenty years, has met with some 
very serious difficulties owing to the characteristics of the 
Moroccan climate, which, as is well known, consists of six 
months' hot, dry summer and autumn during which there 
is practically no and of a humid and cold winter and 
spring. The local flora has not yielded any really valuable 
acquisition, and the numerous introductions (over 1,500) 
have only provided a few which are fairly resistant 
to prolonged drought but are on that account thermo
philous and sensitive to cold. Apart from various roots, 
Digitaria, Atriplex, Chloris gayana, Crotalaria, Cay"anus 
and Eragrostis curvtila, no new plants have become proper
ly acclimatized. On the other hand the thornless cactus, 
large plantations of which have been set up in the south, 
can endure the rigours of the summer as well as those of 
the winter, and can be extremely useful, especially in its 
local habitat. 

Nevertheless, well-organized protection, supplemented 
by the sowing of certain graminacae and legumes in the 
dry frontier zones, as in the experiment we carried out 
about ten years at Tagounit (Draa), might also 
valuable results. 

The extension and improvement of Moroccan stock
breeding, which constitutes one of the certain potentiali
ties of Morocco, may possibly be brought about by scienti
fic animal management, but we consider that they depend 
primarily on certain fundamental conditions, the first of 
which is the regular and adequate feeding and watering of 
the cattle. In unirrigated zones the protection, safe
guarding, clearing and regeneration of the ranges (and 
also the eradication of harmful or excessively rough 
species, the sowing of well-adapted plants, improvements 
etc.), the tossing and conservation of hay, the cultivation 
of watermelons, cabbages, beets, silage etc., and in the 
irrigated areas more extensive cultivation of lucerne, 
Egyptian clover, maize and beets and the establishment 

of large forage reserves, are already proven methods, the 
development of which would certainly not be impossibly 
difficult. 

In addition to stock-breeding and in connexion with it, 
fruit-tree cultivation, which would absorb the manure 
and certain industrial crops, such as cotton, are also im~ 
portant. Morocco already has vast orchards, consisting of 
approximately 60 million which in 1944 included the 
following: 

3,500,000 citrous fruit trees; 
250,000 cherry trees and walnut 

7,900,000 almond trees; 
8,500,000 fig trees and others; 

670,000 pomegranate trees; 
9,300,000 olive trees; 
2,900,000 date palms. 
The majority of these trees, except for the citrons trees, 

belong to Moslems. For want of proper management their 
yield is very low, very heterogeneous, sometimes of me
diocre quality and always of very bad appearance. Great 
progress might be made in that direction, and would pro
mote both the feeding of the local inhabitants, who are 
very fond of fruit, and export. 

Although many species of fruit may be grown without 
irrigation, this is indispensable to others (citrons fruit, 
apricot trees and even olive trees), especially in the south
em region. It is therefore planned to extend their growth 
in the future irrigated areas, which could doubtless sup
port several tens of thousands of hectares under orchards. 
Nevertheless, the efforts made in France and elsewhere, 
and the position of the international market for fresh, 
dried or processed fruits call for some circumspection in 
the development, otherwise desirable, of Moroccan arbori
culture. 

On the other hand, it would seem that certain industrial 
crops can be greatly extended in the future irrigated areas, 
in view of their perfect adaptation to their habitat and the 
practically unlimited markets available. Moreover, the 
introduction of such crops would make it possible to vary 
rotation, to employ many persons, to promote the rural 
industrialization of the country, to improve the trade 
balance etc. Cotton seems to be the best, if not the only, 
crop with which to cover large areas of the country. 

History (and not legend), undeniable traces, lengthy 
experiments and even practical cultivation prove beyond 
doubt that Morocco has all the most favourable conditions 
for a normal development and high yield of cotton fibres 
of universally acknowledged quality. This is especially 
true in the southern region, where the climate is hot and 
dry, the autumn rains are late, the soil is rich and irrigable, 
and the population is dense. Experience has shown that it 
is easy to obtain twelve to twenty gross quintals per 
hectare, or between four and seven quintals of fibre and 
double that amount of a yield seldom obtained in 
countries producing cotton on a large scale. Markets 
would be largely ensured by Morocco and North Africa, 
and also by France, which spends milliards (in currency) 
every year to acquire the 2,500,000 bales of cotton it needs. 

Another advantage of the cotton plant is that it pro
vides large quantities of edible and industrial fats (one 
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hectare yields 150 to 250 quintals of oil) and oil cake rich 
in proteins. 

One hundred thousand hectares under cotton would 
yield approximately 400,000 quintals of fibre and 190,000 
quintals of oil, and would thus solve the problem of fats 
and textiles in Morocco. This production wouldinvolve 
the establishment of ginning factories, oil refineries, and 
spinning mills, which should be established at or near the 
fields for the purpose of industrial decentralization, which 
is desirable from all points of view. 

The stalks of the bushes from such an area would pro
vide the inhabitants with valuable fuel, the qualities of 
which have been proved and which they have hitherto 
lacked. The burning of the stalks, which is compulsory in 
any event, would have the advantage of destroying the 
parasites infesting the plant. · 

Furthermore, the extensive development of cotton 
cultivation in these areas would not be incompatible with 
that of forage production in the same area, since the cot
ton-clover rotation that might be adopted there is the 
basis of the wealth of Egypt. 

The experiments carried on at Beni Amir for about ten 
years prove the potentialities of that crop, in spite of the 
very unfavourable conditions in which it was sometimes 
grown. 

Although the lateness of the variety at present culti
vated (the PIMA 67) presents certain disadvantages in 
Northern Morocco, where the autumnal rains are some
times early and heavy, it presents hardly any in the 
southern regions, where the rains are rare and late. 

The only two obstacles are the danger from parasites, 
which it has not yet been possible to eliminate but which 
may soon be checked in view of the remarkable progress 
of plant chemistry, and the care which is essential for 
proper cultivation and which the fellahin exercise without 
enthusiasm, preferring crops such as lucerne, which re
quire less work. Nevertheless, these difficulties are not in
surmountable. 

In spite of all these arguments, which seem to be valid, 
the cultivation of the cotton plant, although undertaken 
on a large scale in Morocco for twenty-five years, has re
mained stationary and has not extended beyond 3,000 
hectares in the best years, with very considerable varia
tions. The same position prevails in Algeria, where cotton 
production has been subject, throughout the century since 
it was introduced, to even greater vicissitudes, which 
have caused it to be called the "eclipse crop". This alter
nation between enthusiasm and neglect is mainly due to 
the wide fluctuations of world cotton prices, which pro
mote the resumption of cotton cultivation when they are 
high and its abandonment when they are low. It may also 
be imputed to the care required by the cotton plant, to the 
danger from parasites, to the competition of temporarily 
more profitable speculations etc. -

It would seem, therefore, that the most effective means 
of maintaining and developing cotton cultivation would 
be to stabilize prices and thus ensure it an unprecedented 
stability. Furthermore, well-considered and sustained 
propaganda and the co-operation of the Administration, 
which has hitherto been lacking, would certainly help to 
bring the cotton plant into favour with producers. 

As I have pointed out elsewhere on several occasions, I 
am not alone in that opinion. The two persons in Morocco 
who have the most extensive knowledge of the subject, 
Mr. Carle and Mr. de Lombardon, asserted before I did 
that the country could grow 200,000 hectares of cotton. 
The Petit Casablancais (1 lVIarch 1949), in an article on 
cotton, agreed with us that "the potentialities are un
deniable". They can be increased in the very near future 
by the completion of the agricultural water programme, 
which would make it possible to irrigate a million hectares 
of excellent land situated in a hot and especially favour
able climate, 300,000 hectares of which could be devoted 
to the cultivation of cotton and might provide over a 
million quintals of fibre". Similarly, in Algeria such high 
authorities as Mr. Barbut, Inspector-General of Agri
culture, Mr. Laumont, Professor of the National School of 
Agriculture of Algiers, and Mr. Munck, President of the 
Cotton Co-operative, have confirmed the possibility and 
usefulness of large plantations of this textile. 

Mr. Vialas, Director of Agriculture in Algeria, recently 
wrote as follows: 

"Cotton is still (in 1948) the monopoly of a faithful few, 
who have been repaid this year both by the prices and by 
the yield. A policy of assistance seems to be taking shape; 
this is the only method of developing a production that 
shall be advantageous in more ways than one; the exam
ple of linen has shown the advantages that may be ex
pected from such a policy." 

Similar formulae would probably have the same effect. 
It is obvious that metropolitan France, as well as its 

overseas territories, cannot long continue to find the 
milliards in hard currency necessary for obtaining cotton 
supplies, and that it will have seriously to consider meet
ing its requirements by promoting the cultivation of that 
plant in its own possessions, and especially in North 
Africa. 

Personally I am convinced of the necessity of establish
ing in Morocco a textile policy which, while including the 
Indian hemp, china-grass and various other plants, will 
give the cotton plant its deserved place in the agriculture 
of that country. 

Apart from this group, it is not easy to see which 
"industrial" crop could be expanded to such a great ex
tent especially in the irrigated areas, the rational and 
remunerative use of which raises problems that have not 
yet been solved. 

Of course the sugar beet, which would have a large and 
safe local market (two million quintals per year), perfume 
plants, alcohol-producing plants etc., can be introduced 
and extended, but they will never cover the vast surfaces 
that can be devoted to the cotton plant. 

To sum up, the reclamation of new land and the de
velopment of land which has not yet been exploited should 
give rise to a considerable increase in the cultivable areas 
and increase the agricultural production of Morocco; in 
view of the increase of the population and the rise in its 
standard of living, this would meet an urgent need. 

The utilization of these lands and the fulfilment of the 
water programme raise certain problems of planning which 
have not been sufficiently studied and the solution of 
which is rendered especially difficult by the technical, 
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economic, social and political factors and by the world 
situation, all of which intervene, react on one another, 
and complicate them to a great extent. 

Nevertheless, two essential and determining factors 
remain, namely, the increasing requirements of local con
sumption and the necessity of improving the balance of 
trade through exports. These are the factors which deter
mine the direction to be given to agriculture, within the 
obvious limitations of the natural environment. Their 
study would seem to point to the following measures: 

Summary of Discussion 
The CHAIRMAN stressed the importance of the topic to 

be discussed and announced that he would first call on the 
authors of papers dealing with opportunities for the more 
effective agricultural use of new lands in tropical areas. 
He called on Mr. E. de Vries to introduce the paper he had 
prepared in collaboration with .:\1r. van Beukering. 

Mr. E. DE VRIES declared that it would be a fallacy to 
consider the tropics as a whole without taking into account 
the different conditions existing. The density of popu
lation, for instance, varied in different tropical areas. 
While in Java the average density was about 1,000 in
habitants per square mile, in other areas such as Borneo 
and New Guinea the average density was only 20 in
habitants per square mile. The basic factor explaining such 
discrepancies was the condition of the soil. On account of 
the high rate of precipitation, possibilities for agriculture 
in equatorial areas were not very favourable, except in 
volcanic regions. 

Three methods had been invented so far to overcome 
the existing ditflculties: 

I. Trees as a crop. Shade trees added to the covering of 
the soil against atmospheric influences. 

2. Irrigation. Together with terracing, irrigation per
mitted permanent agriculture but was an expensive 
measure. 

3. Permanent mixed farming. Mixed farming on a per
manent basis was an application of modern science. 

The third method offered vast possibilities for research 
and if applied successfully might enable from one to two 
billion additional people to live in tropical zones. 

The CHAIRMAx called on Mr. Mukherjee to introduce the 
paper submitted by Mr. Sethi, Agricultural Development 
Commissioner to the Government of India. 

Mr. MDKHERJEE stated that the paper gave an account 
of the efforts being made in India to bring culturable waste 
land into cultivation. 

There were some 87 million acres of culturable waste 
land in the Indian Union. In addition, some 10 million 
acres had been cultivated at one time but had gone out of 
cultivation because of infestation with deep-rooted weeds. 
The third type of culturable waste land was commonly 
known as "Usar" land and consisted of areas saturated 
with alkaline salts. 

The increase of cereal production, with specific local
ization; the extensive increase of forage production in both 
dry and irrigated lands; a textile policy, with considerable 
extension of cotton cultivation; the maintenance and ex
tension of oil-plant cultivation (including the olive-oil 
industry, which should be tripled); the progressive de
velopment of arboriculture and vine growing; the main
tenance of vegetable production (food crops, early and dry 
vegetables), all in conjunction with the conservation and 
regeneration of the soil (reafforestation etc.). 

The best solution to the problem of reclaiming weed
infested land lay in the use of heavy machines with a 
minimum of 80 h.p. on the drawbar. The mould-board 
plough, properly designed for work under ditflcult condi
tions, had proved successful although the ideal machine 
had been a plough with an off-set frame. 

Experiments undertaken at the Indian Agricultural 
Research Institute in New Delhi had shown that the kans 
grass, one of the two principal enemies of cultivated land, 
could also be eradicated by covering it with water. 

The CHAIRMAN introduced his paper, an analysis of the 
technical, economic and social factors which determined 
the possibilities for reclamation in the tropical and sub
tropical areas of French Black Africa, factors which ap
plied also to several other countries. 

With regard to the geographical features governing a 
more etflcient development of unused land, the following 
points were emphasized: 

1. The initial mediocre fertility of tropical soils which 
were unable to yield repeated crops unless steps were 
taken to maintain their structure and reserve of humus by 
proper methods. 

2. The intensive effects of erosion. 
3. The inadequate demographic distribution of the 

rural populations which did not always correspond to the 
rational utilization of soil resources. 

The Chairman turned next to the extent and stability 
of the agricultural space, its use having led to a consider
able waste of land. In the agricultural-pastural system 
described in the paper, the co-etflcient of soil utilization 
was much higher than what might be assumed from simple 
comparison of the area of crops and the number of head of 
cattle on the one hand, and the total area of the territory 
on the other. In many regions human agricultural occu
pation created disequilibrium of the conditions of land 
utilization leading to deterioration once the density of the 
human population reached 20 inhabitants to the square 
kilometre. 

It was true that vast areas could be released by means 
of a system of stabilized agriculture such as that of mixed 
farming. The management of river basins offered vast 
possibilities in the field of large-scale reclamation. 

On the subject of economic and social problems raised 
by the reclamation of new lands two objectives were met, 

619 



UNSCCUR PROCEEDINGS: LAND RESOURCES 

one economic and the other social. The former meant the 
satisfaction of certain unsatisfied market demands, the 
creation of new demands, and, more generally, a contri
bution to the expansion of world economy. The latter in
volved greater emphasis on peasant methods of agri
culture which restored in a new setting the firm links, 
sentimental and economic, between man and the soil 
which were typical of rural life. 

Thus each country assessed the expediency of develop
ing the new lands at its disposal in terms of its economic, 
social and demographic position and shaped its activities 
in the light of its interests, in one country emphasizing the 
economic objective, if full employment was a reality, and 
in another stressing settlement. 

In any case there was a fundamental problem-the 
marketing of the great crop surpluses which the recla
mation plans would throw on the market. In the absence 
of assurances on this point, large-scale schemes would rest 
on a flimsy basis. 

With regard to the financial aspects of land reclamation, 
no estimate could be given regarding agricultural invest
ments for general development. Each project demanded 
close study, and it was not certain that the normal return 
on the two types of investment (basic and operating) 
would be assured in every case. 

The Chairman pointed out in conclusion that if recla
mation programmes were to be on a scale adapted to the 
needs of the under-privileged populations, massive finan
cial support was required. It would be primarily a work 
of relief fully justified and rewarded by the improvement 
of the standard of living of the populations. 

Following the presentation of papers dealing with the 
reclamation of new lands in tropical areas, the Chairman 
invited members to submit their observations. 

Mr. DE HAA"' referred to the remark in Mr. Sethi's paper 
that new culturable waste lands in India were infested 
with malaria. Experience had shown that malaria control 
was nearly always possible, and this had been the case on 
the tobacco estates in Sumatra. 

The clearance of brush jungle raised a number of 
problems, one being the right type of equipment. Very 
often the equipment available was obsolete and in need of 
repairs. Skilled technical personnel would have to be re
cruited. 

Malaria control and equipment were therefore the two 
main points to be considered in undertaking land recla
mation work in tropical areas. 

Mr. KELLOG commented on the productivity of tropic
al soils. Tropical soils were variable and there were more 
kinds than throughout the rest of the world. Indigenous 
farming depended upon good soils, which included soils on 
steep slopes, soils occasionally rejuvenated through the 
addition of volcanic ash and alluvial soils. The worst kind 
were the Ground-Water Laterites containing doughy clay 
which hardened upon dehydration. 

Levels of management were equally important, there 
being three such levels: indigenous farming, science with
out benefit of industrial products and science with benefit 
of industrial products. 

Hundreds of thousands of acres of tropical soil could be 
reclaimed through the use of highly developed scientific 
methods. 

Mr. LUND observed, in connexion with reference to 
equipment in Mr. Sethi's paper, that a large-scale agri
cultural development project for India was to be under
taken. Only 110 h.p. tractors would be used in clearing 
the kans grass and scrub jungle. The machines, all new, 
would be imported from the United States and the other 
equipment from the United Kingdom. 

Mr. AuLL was disturbed by the absence of economic 
analyses which should be part of any discussion on land 
reclamation. He wished to congratulate the Chairman on 
his very thorough treatment of that aspect of the problem. 

Mr. MUKHERJEE referred to the subject of productivity 
of tropical soils raised by Mr. Kellogg. He said that in the 
semi-arid regions of India the soil was very fertile. The 
Indian fanner who was noted for his industriousness, 
raised two and sometimes three crops per year from his 
land, provided he got water for irrigation and other facili
ties. The yield of rice was high considering the methods 
that were employed. It was obvious that a judicial use of 
machines would considerably increase the yield but that 
was a change that would have to come about gradually. 
Nevertheless he considered that the 3,000-vear-old farm 
culture of India offered points that should be carefully 
studied by modern scientists. · 

~Ir. GREENE pointed out that the classification of 
tropical soils made by Mr. Kellogg was along very general 
lines. For instance his class 2-basic rock soil-included 
a very wide variety of types with different characteristics. 

The same comment applied to Mr. Kellogg's observa
tions on water in the tropics. It was true that in general 
the tropics enjoyed sufficient quantities of water, but there 
were many regions where agriculture was definitely handi
capped through an inadequate water supply. 

Mr. E. DE VRIES in answer to questions by Mr. Greene 
and Mr. Raushenbush concerning the apparent high cost 
of settling farmers in Surinam, said that the scheme under
taken in Surinam was largely patterned along the lines of 
schemes carried out in Holland. Naturally the amount of 
land assigned to settlers in Surinam was much larger than 
in the Netherlands and the cost was proportionately 
higher. 

With regard to the size of the population that could be 
supported by the products of tropical lands, he said that 
there were one to two thousand million hectares of poten
tial tillable land in the tropics. There fertility of this land 
was so high that theoretically one hectare could support 
one individual, and therefore it could support a population 
of over one billion. He recalled that the productivity of 
one acre of land could be higher in the tropics than in the 
temperate zones. 

Mr. CLAY summarized the paper submitted by Mr. 
Rounce and which discussed the agricultural development 
in relation to land use in Sukumaland. He said that the 
area dealt with in the paper-Sukuma-embraced the 
whole of the southern shore of Lake Victoria, extending 
southwards for 150 miles. Intrinsically the soils are of 
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moderate to high fertility. The problem that faced the 
authorities was the opening up of !and scourged by the 
tsetse fly. One method to solve the problem was to em
bark on a large scale programme of resettlement on the 
4,000 square miles of tsetse infested bush which was still 
available. The scheme would not only bring under culti
vation virgin and fallow land but would allow the re
habilitation of the old lands through relieving the present 
pressure. 

At the request of the Chairman, Mr. CLAY also undertook 
to summarize the paper submitted by Mr. Allan and Mr. 
Berwick which dealt with "The Development of New 
Rice Lands in Malaya". In 1930 a Committee was formed 
to consider how to encourage rice cultivation and as a 
result many potential areas had been surveyed; schemes 
had been prepared and a considerable number had been 
completed or were currently under construction. In spite 
of the occupation of Malaya by the Japanese in 1942-1945, 
some lCO,OOO acres of land had been colonized since 1931 
and there were now flourishing schemes producing rice, 
fish, and rubber with many secondary crops such as coco
nuts and fruit trees. 

Mr. RAUSHEXBUSH, at the request of the Chairman, 
summarized four papers submitted respectively by Messrs. 
Ortega, Taton, Opsomer and de Camargo. With reference 
to the first paper, which dealt with the reclamation of 
new lands for agriculture and potentialities and problems, 
he said that the fact that the population of Honduras was 
small and irregularly dispersed over a large territory had 
created certain conditions and problems in connexion with 
the conservation and rehabilitation of the land. He felt 
that what was needed was a law requiring the cultivation 
of areas only in the plains on lands which were now held 
by large landowners. 

With regard to Mr. Taton's paper which dealt with the 
possibilities for creating new grazing lands in Ituri (Bel
gian Congo) he said that the crops in the Nioka region 
(Upper Ituri) quickly caused the soil to deteriorate. The 
land was abandoned after a few years and the resulting 
fallow lands constituted poor grazing lands for the native 
cattle. To find a solution to the problem of grazing lands, 
a series of experiments had been carried out by the Institztt 
National pour l' Etude Agronomique du Congo Belge at its 
station in Nioka. As a result of the experiments it was 
considered that in a region where fallow ground was an 
urgent problem, a short-term (three to four years) artificial 
grazing, following upon two years of cultivation, might 
play an important part in restoring the structure of the 
soil. 

In connexion with Mr. Opsomer's paper which dealt 
with the development of land subject to river flooding, he 
said that the main advantage of this technique lay in the 
fact that it made it possible to utilize land at present un
used, without extensive preparatory work such as drain
age, the building of dykes, the digging of canals or the 
constl uction of dams. Generally speaking the only pre
paration required was to clear the area of its natural vege
tation. 

action on the part of Governments for the reclamation of 
soils that could not be exploited by individuals. Igap6s 
located near Belem were said to yield as much as 3,000 to 
5,000 kg. of rice per hectare and two crops could be har
vested in one year. 

Mr. GREENE corroborated the claims made by Mr. de 
Camargo and added that the area mentioned consisted of 
aluvial land near the mouth of the Amazon which en
joyed good irrigation due to the prevalence of fresh-water 
tides. He wondered, however, how the potential millions 
of tons of rice that the area could raise would be disposed 
of in the world market. 

Mr. Lu:~m in answer to Mr. Aull said that the money 
advanced by the International Bank for Reconstruction 
and Development for land reclamation in India was con
sidered to be a good risk, since the cost of reclamation per 
acre was calculated at 52 rupees and the value of the ex
pected wheat crops were estimated at 108 rupees per acre. 
In the jungle land the cost of reclamation rose to 200 
rupees per acre but the land was potentially more fertile 
and capable of yielding two crops per year. 

Mr. E. DE VRIES referred to the paper presented by Mr. 
Opsomer and wondered what effects deep ploughing would 
have on the quality of the land, as in Indonesia it had 
been found that tilling that went deeper than 2 in. caused 
erosion. He noted that the project about to be launched 
in India called for tractor cultivation to a depth of 14 in. 
In Indonesia such deep ploughing would prove disastrous. 

Mr. LUND said that deep ploughing of 14 in. was neces
sary to destroy kans grass whose roots reached a depth of 
4 ft. Experiments had shown that such deep ploughing had 
no bad effects on the top soil which is more than 4 ft. deep. 

Mr. CLAY said that the same doubts had assailed him, 
and he wondered how well machinery evolved for temper
ate conditions could be adapted for use in tropical lands. 
He said that in Malaya the destruction of weeds was done 
with forks, which he realized was a tedious and slow 
method and that new ones would have to be found. 

Mr. GALLEY pointed out that in many regions the con
trol of weeds was undertaken with herbicide sprays some 
of which had shown encouraging results. 

Mr. UTz summarized the paper submitted by Messrs. 
Wooten and Utz which dealt with the opportunities for 
the more effective agricultural use of new lands; reclama
tion of new lands for agriculture; potentialities and prob
lems in development by irrigation and drainage. He said 
that irrigation and drainage had added materially to the 
improvement of crop land acreage and to the total agri
cultural production in the United States in the last half 
century. Today the irrigated area was approximately 22 
million acres. About 70 million acres had been improved 
as a result of organized group drainage effort, and great 
potentialities lay ahead in the United States in further 
expansion of drainage and improved utilization and con
trol of water resources for irrigation and other purposes. 
He concluded by saying that good public policy required 

\\'ith regard to the paper submitted by Mr. de Camargo that these projects should be sound and that the benefits 
which dealt with the reclamation of the Igap6s of Belem, from the several features should exceed the costs of de
State of Para, Brazil, he emphasized the need for combined veloping the projects. 
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In the absence of the author, Mr. RATINEAU presented 
Mr. Dumont's paper on the reclamation of new land for 
agricultural use. After a brief review of the circumstances 
which permitted millions of hectares of land in metro
politan France to fall into disuse, ~ir. Ratineau explained 
that it would be uneconomic to reclaim most of that land. 
However, considerable tracts of grazing lands could be 
made more profitable by improved methods and culti
vation of fodder plants, while large areas could be restored 
to productivity by reforestation. More rational cultiva
tion and increased use of fertilizers on grasslands, es
pecially those with limestone soils, represented a greater 
potential rise in productivity than the reclamation of un
cultivated or fallow areas. In view of the population in
creases in metropolitan France in recent years, it had be
come more important to maintain the fertility of the lands 
under cultivation than to increase the cultivated surface. 

In over-populated Algeria, the land had to be worked 
intensively to feed the inhabitants. In order to achieve 
that objective, a strict soil conservation programme had 
to be enforced and the Government should impose regu
lations to put a stop to abuse of the land by private proper
ty owners. Reforestation was imperative and efforts 
should be made to plant olive trees and citrons fruit trees 
on the eroded slopes. 

Mr. Ratineau then commented on Mr. Valdeyron's 
paper on the opportunities and problems of reclaiming the 
land of central and southern Tunisia for more rational 
agricultural use. The land could be reclaimed by managing 
grazing lands, establishing irrigation centres and planting 
fruit trees and fodder plants. 

Mr. EvsvooGEL introduced Professor Hellinga's paper 
on the opportunities for more effective agricultural use of 
new lands. He described the Zuyder Zee reclamation 
project being carried out in the Netherlands and pointed 
out that the principal obstacle to future reclamation work 
was the financial problem. The manual labour required 
was too costly to permit large-scale reclamation to con
tinue at the present time. The application of more ma
chinery, such as the bulldozer, proved already very effec
tive. The area of waste heath and peat lands has in the 
last century been reduced to a minimum. Owing to the 
slow precipitation of silt, the reclamation of estuaries, 
passages and creeks along the shore was proceeding slow
ly. It was still possible, however, to improve the producti
vity of grasslands. Beyond that, the Netherlands was 
forced to concentrate on intensifying agriculture in order 
to make its lands more profitable. 

The mention of the cost factor involved in the Zuyder 
Zee reclamation project touched off a discussion on the 
financing of similar work in other countries. 

Mr. S. T. JENSEX was concerned with the approximate 
cost per unit area of reclaimed land as compared with the 
value of the land at present in agricultural use. 

Mr. EvsvoOGEL explained that while it had been feasi
ble to start the Zuyder Zee project before the war and 
to establish a balance between the cost of reclamation and 
the value of the land, the cost per acre had now risen to 
1,000 to 1,200 dollars. If, as some agricultural experts 
maintained, 150,000 hectares could be reclaimed at a cost 

of $800 per acre, the enterprise would be economically 
profitable. 

Mr. TrM~iONS added that in all reclamation projects, it 
should be borne in mind that the benefits should exceed 
the costs. That was the basic policy of the International 
Bank for Reconstruction and Development and of many 
countries, among them the United States. However, 
capital, labour and management were limited. They 
should be used to obtain a maximum return, and not 
merely to cover actual cost. The maximum return could 
be determined by a group of specialists and consultants 
organized on a national level into a Council on Natural 
Resources which would take into account the needs of all 
concerned. Such an organization was preferable to a 
single agency specializing in a particular type of land im
provement. 

Mr. LUND said that the benefit-cost ratio for the re
clamation project proceeding in India under the super
vision of .Mr. Sethi 'h'ith the assistance of the International 
Bank for Reconstruction and Development was 4: 1. The 
benef1ts would be even higher if the effects of the project 
were measured on the national economy of India. 

Mr. DE LA TORRE recalled Mr. Aull's observation that 
technicians often lost sight of the economic aspects of the 
work in which they were engaged. It was his view that 
technicians and economists should work hand in hand in 
applying the knowledge required for the most effective 
use of land. 

From Mr. de Ia Torre's experience in Mexico, he had 
concluded that there were two basic factors promoting the 
proper use of land: education and capital. In the first 
place, trained staff was required to spread information on 
modern improvements for the more economic utilization 
of the land, special courses should be given in schools, 
radio appeals should be made to peasants and farmers and 
expert advice and supervision should be provided by 
Government technicians. Capital was required to provide 
industrial equipment and financial assistance. 

Mr. de la Torre stressed the magnitude of the task con
fronting technicians and economists, which was to deter
mine the most economic use of the world's resources in the 
light of potentialities in each country and of such inter
national factors as world demand and exchange possi
bilities. Convinced that no temporary organization could 
cope with such a task, Mr. de la Torre indicated the need 
for a permanent United Nations council in which techni
cians and economists of all countries would collaborate in 
arranging barter contracts between producer and con
sumer countries. A ·world Bank, similar in its organiza
tion to the International Bank for H.econstruction and 
Development, would grant loans as required and facilitate 
credit and payment operations. 

Mr. AuLL recognized that it was a primary objective to 
make available surplus food to underfed peoples. That 
problem could not be solved by bringing more expensive 
land into cultivation. While many countries found it 
more feasible to produce their own food than to import it, 
it would be economically unsound in other countries to 
do so. That fact did not diminish the need for irrigation 
projects. It did, however, indicate that when there was 
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surplus production, techniques to improve the land and 
thus raise its productivity could not be applied indis
criminately. 

The CHAIRMAN further pointed out the need to measure 
the value of crops in order to determine how, where and at 
what prices surplus crops could be disposed of. 

Reverting to the methods of land reclamation practi~ed 
in the Netherlands, Mr. CLAY inquired whether siltation 
and warping had also been applied in Indonesia. Problems 
of low lying lands behind the natural levees whose recla
mation involved some such technique were a feature of 
many colonies. 

Mr. E. DE VRIES replied that two such reclamation 
methods had been used in Java and some other parts of 
Indonesia. The first consisted in setting up a border line 
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of salt and brackish water and fish ponds between the 
land and the sea. The land had thus been rapidly re
claimed. The second consisted in planting mangrove trees 
on silty land. Both methods could be applied only if the 
area was sufficiently populated to provide the necessary 
manpower. 

Mr. RAUSHE~BliSH announced that several United 
States publications on the problems under discussion were 
available for distribution. 

The CHAIRMAN drew attention to two papers which had 
not been discussed and which might be of interest to the 
participants: Mr. Strong's document on "Investigational 
Technique in Land Settlement-with Particular Refer
ence to the Commonwealth (Australia) \Var Service Land 
Settlement Schemes" and Mr. Miege's paper on "The 
I~eclamation and Utilization of New Lands in Morocco". 
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