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EXE IVE

This report “The National Plan of Action to Combat
Desertification (NPACD) in the Sultanate of Oman" is the result
of a joint effort by the Economic and Social Commission for
Western Asia (ESCWA), the Food and Agriculture Organization of
the United Nations (FAO), and the United Nations Environment
Programme (UNEP). Two missions were mounted at the request of
the government of Oman. First, a one-man mission (1) visited the
Sultanate in October 1991 and prepared Part One, the Background
Section of the NPACD in March 1992. In September 1992, a three-
man mission (2) visited the Sultanate for three weeks and
prepared Part Two, the plan, programmes and projects of the

NPACD, in April 1993.

PART ONE
THE BACKGROUND SECTION consists of four chapters, (81 pages) and

7 appendices (in 13 pages).

Chapter I: Inventory and Potential of Natural Resources,

presents data and information, in 48 pages of text and 16
figures, on physiographic regions, climate, land resources, water
resources, natural vegetation, oils and minerals. The overall
picture is that of aridity with pronounced scarcity of water and

productive soil.

(1) Dr. Jaafar Karrar

(2) Dr. Jaafar Karrar, Dr. Nour-Eddin Gaddes, Dr. Omar Joudeh
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Chapter 1II: Presents the Socio-Economics Setting under

three sub-headings: economics development, social setting and
agricultural potentialities. The Sultanate with its moderately
small population (about 2.0 million) has a GDP estimated at
3230.6 million RO (at current prices) in 1989. Nearly 46% of
this figure came from mining and crude oil. The Sultanate
agricultural potential is limited; of a total land area of 31.4

million ha. about 55,000 ha. were under cultivation in 1990.

Chapter III: "The Status of Desertification" gives a

background and causes of desertification. Physical and socio
economic factors driving the processes of desertification are
discussed, highlighting the role of faulty agricultural practices
leading to salinization, overgrazing and felling of trees. This
brief presentation is supplemented by descriptive sections in

PART Q.

Chapter IV: Gives a Review of Past and Current Efforts for
Combating Desertification. The national efforts to combat

desertification are reported under three main headings:

1. Development and conservation of water resources.
2. Efforts for improvement of land capability.
3. Rehabilitation of rangeland in the Southern Region.

In each of the three categories there were several studies

and concrete actions.



xvi

PART TWOQ

THE PLAN-PROGRAMMES AND PROJECTS OF THE NPACD, also comprise four
chapters, (covering 120 pages) plus three appendices. They are
numbered V to VIII. This volume which follows the Background
Section deals with the substantive part of the Plan: its
strategy, content and the institutional capabilities for

implementation.

Chapter V: ti 1 f Acti to Co t

Desertification presents the plan in six sections:

1. The Magnitude of the problem;

2. National participation towards preparation of the plan;

3. National Goals;

4. A long-term strategy for desertification control (1994-
2020);

5. Elements of the strategy.

6. Remarks.

The proposed long-term strategy sets a horizon for 1994-2020
and suggests 10 programmes. Within this long-term horizon, a
short-term horizon is set for 1994-1996. During this period
priority programmes and projects will be approved and

implemented. Twenty-four priority projects are proposed.

Considering the size of the proposed programmes and the
priority projects in the Plan, their implementation and proper

coordination requires the creation of a competent institutional
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set up. This has been dealt with in Chapter VI. Chapter VII
presents the 24 priority projects in a brief form and mentions
over 30 projects from the Fourth Five Year Development Plan which
have a direct effect on desertification control. The presentat-
ion in Chapter V and VII recalls the proposals in the draft
National Conservation Strategy and highlights those which have
a direct influence on controlling desertification or minimizing

its risk.

It is worth noting that the recommendations, programmes and
projects in the Plan are not only supported by relating them to
the Recommendations of the UN Conference on Desertification Plan
of Action, but also to the revised set of Recommendation present-—
ed in the Report of the Executive Director of UNEP to the UN
Conference on Environment and Development in 1992. This 1is
important for monitoring and follow-up as well as for logical
development and expansion of the work in desertification control
in the Sultanate along and in relation to the internationally

recommended steps and procedures.

Chapter VIII: The last in the document is entitled
"Concluding Remarks and Follow-up". It recapitulates the highly
significant facts and pieces of information as well as important
conclusions. It tells how similar or different this Plan is from
those formulated for other dryland countries. An important
difference is the Uniqueness of Oman's Environment which is
pronounced in Dhofar - the primary site of desertification action

and spread in the Sultanate. Concern about this uniqueness
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motivated inclusion of a priority project on "Advisory services

in environment and sustainable development".

An additional significant difference is the serious concern
of the State with the environment and its protection combined
with an advanced stage of public awareness about environmental

matters.

The ESCWA/FAO/UNEP second mission discussed its findings and
general recommendations with the government representatives in
a roundup meeting attended also by Mr. Kassum, the UNDP resident
coordinator. Details were not discussed, but the government
representatives emphasized the need to refer to several projects
in the current Five Year Plan which have strong bearing on
desertification control. With this note there was general

agreement on the main findings and the principal recommendations.

Preparation of this Plan is the start of a colossal task and
a lot depends on active follow-up. The responsibility for follow-
up is given in Chapter VIII which describes four essential steps.
The prime step of these four is the responsibility of the

proposed Division of Soil Pollution and Desertification in the

Directorate for Environmental Affairs for follow—up action.

Finally work and project formulation should be accorded
priority if further and critical degradation is to be avoided,
and the Sultanate of Oman is to succeed in halting

desertification spread.



INTRODUCTION

HISTORICAL

The Sultanate of Oman, by virtue of its geographical
position has enjoyed a long history of contact with several
races and cultures. The extended relations with close and
far neighbours had its fingerprints on its indigenous
civilization and modes of livelihood. Against this
background a national renaissance came to being in the
early 1970s in Oman with the reign of Sultan Qaboos after
a somewhat long period of a closed life.

Evidence of this renaissance, as far as the purpose of this
document is concerned is found in:

(a) The high degree of state concern with the environment
and its protection; and

(b) The advanced level of environmental awareness among
the population.

It is, therefore, no wonder that Oman is one of the very
few countries which is about to complete possession of a
National Conservation Strategy and a National Plan of
Action to Combat Desertification (NPACD).

The coming up of this suggested NPACD is the result of
cooperative efforts of UNEP, ESCWA and FAO. The three
organizations are involved in a chain of joint activities
with ESCWA region member countries to assist individual
countries, on request, to prepare their national Plans.

In this case the job was done in two stages. First, a one-

man mission prepared Part One - the Background Section
which was presented to the Government of Oman in April
1992. This was followed by a three - man mission in

September 1992 for the preparation of Part Two - the Plan -
Programmes and Projects.

CONTENTS OF THE PLAN
PART ONE: The Background Section

This part comprises four chapters in 81 pages plus 7
appendices. Chapter I - Inventory and Potential of Natural
Resources of Oman is a rich chapter which deals with seven
sub—-titles including: physiographic regions, climate, land
resources, water resources, natural vegetation and
geological resources.

Chapter II - deals with the socio-economic setting while
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Chapter III - takes the status of Desertification. Chapter
IV -review ©past and current efforts to - Combat
Desertification in Oman.

ART TWO: The Plan - Programmes and Projects

Part Two also comprises four chapters (numbered V to VIII)
in about 120 pages plus three appendices. The document
does not repeat the numerous figures (maps etc.) which

appeared in Part One and the reader is advised to refer to
Part One for this purpose.

Chapter V deals with the core of the Plan in six Sub-
Headings: (i) The magnitude of the desertification problem;
(ii) National contribution towards the preparation of the
plan; (iii) National goals; (iv) A long-term strateqgy; (v)
Elements of the strateqgy; (vi) Remarks.

Chapter VI deals with establishing the institutional set up
and capabilities for implementing the NPACD. It describes
the present set up and the proposed machinery in fair
detail.

Chapter VII covers priority programmes and projects for the
short-term, 1994-1996. Some 24 project proposals are
included.

Chapter VIII which is the closing chapter in the document
gives concluding remarks and follow-up steps in four sub-
titles. The chapter highlighted important sections, views,
results and suggestions or recommendations in the document,
as well as in previous important scientific studies in
Oman.

IMILARITIES AND DIFFERENCE

UNEP, FAO and ESCWA are cooperating in a programme through
which they offer assistance, on request, to ESCWA region
countries for preparation of NPACDs. The present plan is
similar in many respects to the NPACDs, prepared over the
last three years, in its presentation, main divisions of
the content and approach. It differs, however, in that it
is perhaps the first time a NPACD is set in two separate
parts: A Background Section and the Plan. A part from
other aspects mentioned in the text, this Plan is also
different in that it is not only concerned with combating
desertification for the protection of productive natural
resources but also for the protection of the Uniqueness of
the Omani Environment in its recognized locations.
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CHAPTER I

INVENTORY AND POTENTIAL OF NATURAL RESOURCES OF OMAN

LOCATION AND AREA

The Sultanate of Oman occupies the south-eastern part of
the Arabian Peninsula and shares borders with the United
Arab Emirates, Saudi Arabia and the Republic of Yemen.
It extends along the Gulf of Oman and the Arabian Sea,
with coastline of about 1,700 km extending from the
Straits of Hormuz in the north to the Yemeni border in the
south (Fig. 1.1). The country has an approximate area of
314,00 sg. km. It consists of a main landmass, two
enclaves separated from it by territories belonging to the
United Arab Emirates, and numerous islands among which
Masirah and Kuria-Muria are the largest (Fig. 1.1).

The Sultanate of Oman is divided into eight administrative
regions as shown on Figure (1.1), namely Muscat, Al
Janubiya, Al Dhahira, Al Batinah, Al Dakhliya, Al
Sharqgiya, Al Wusta and Musandam. The country is further
divided into 44 administrative units called "Wilayat",
each governed by a Wali (local head).

P IQGRAPHIC REGI

According to the General Soil Map of Oman (MAF, 1990),
Oman is divided into eleven physiographic regions (Fig.
1.2). These are:

Arid mountains;

. Monsoon affected mountains and plateaus;
Arid Dhofar plateau;

Accumulation plains;
Accumulation/denudation plains;

. Coastal alluvial plains;

. Sabkha-dunes-rock outcrop complex;
8. Eastern pediplain;

9. Western pediplain;

10. Umm-As-Samim Sabkha, and

11. Sand dune areas.

SN WN

Arid Mountains

These are encountered mostly in the Hajar mountains, in
northern Oman, including the Musandam peninsula. They
also occur to a much smaller extent in the islands such
as Masirah and Kuria-Muria. These mountains are mostly
steep and barren formations of igneous and sedimentary
rocks.
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Fig. (1.2):
Physiographic Regions of the Sultanate of Oman
Source: MAF (1990)
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The Hajar mountain range stretches northwest-southeast,
along the Gulf of Oman, over about 700 km form Ras—-Al-Hadd
to Musandam. Its width varies between about 30 to 70 km.

Bare rock outcrop and very shallow soils are dominant on
sloping terrain, where very gravelly soils occur in
valleys and alluvial fans. With summit nearing 3,000 m
above sea level in Jabal Al Akhdar, the Hajar mountains
intercept moist air masses, hence receiving relatively
higher precipitation than surrounding areas. A dense net
work of wadis conveys drainage water north to the Batinah
plain, and south to the interior of Oman.

A large number of scattered oases, mostly using falaj
irrigation systems, tap local springs or wadis underflow,
to grow mostly date palm, limes, alfalfa and vegetables.

M oon-— ect ntains and Plateaus

This kind of landscape occurs only in two separate areas,
both in the Dhofar region. One is north of Salalah, the
other, along Rakhyut coast.

These areas are strongly dissected. A woody vegetation
predominates on steep slopes and gullies, whereas grass
and bushes, under heavy grazing, cover most of the
relatively flat areas.

Soils are generally shallow in the grazed areas,
suggesting that soil erosion is very active in the range-
lands. Wooded slopes, protected from erosion by trees and
bushes, generally have moderately deep soils.

Rainfed cultivation of beans and sorghum is done by some
Jabali in very tiny plots during the monsoon.

The Arid Dhofar Plateau

The Dhofar plateau, which is gently sloping towards the
north, is dissected by numerous wadis cutting deep and
narrow incisions. Most of the area consists of
sedimentary rocks.

Soils are mostly shallow and the meager natural vegetation
is under heavy grazing.

Accumulation Plains

There are five accumulation plains in Oman: the Batinah
plain, the Northern interior plain, the Sawgirah plain,
the Dhofar piedmont and the Salalah plain.

All these plains are bajadas formed by the accumulation
of three generations of alluvial fans and terraces. The
Sawgirah plain differs somewhat from the other accumulat-
ion plains in that the rock floor outcrops in sizeable
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areas.

The soils are generally deep and very gravelly to
extremely gravelly in all these accumulation plains. 1In
the Salalah plain the soils are not gypsiferous, whereas
gypsum accumulations occur in most soils of the other
accumulation plain. The quantity of gypsum and the degree
of cementation tend to increase with the age of the soils.

Cultivation 1is generally found in the lower alluvial
terraces wherever adequate water resources exit. Most of
these cultivated areas are in the Northern interior plain
and the Batinah, because water resources are limited in
the other accumulation plains.

Date palm, limes, alfalfa and vegetables are the main
cultivated crops. Aflaj systems are the main source of
irrigation water, but wells are expanding very quickly in
and around the oases.

Accumulation/Denudation Plains

These are old accumulation plains where dissection of the
landscape by stream erosion has exposed extensive areas
of rock outcrop.

The Mirbat plain 1is mostly rocky, but two levels of
alluvial terraces were found in its western part. They
are mostly formed of loamy gravelly deposits. No trace
of cultivation was seen in that area, probably because of
the lack of adequate water resources.

The Northeastern plain in the Shargiya region is less
rocky, but the high alluvial terraces are extremely
dissected. Soils are generally gypsiferous, but many of
them have very strong salt accumulations. These salts
seem to be deposited by droplets of sea water brought by
winds.

Cultivation is very limited because of scarce water
resources. Date palm and alfalfa are the main crops.

Coastal Alluvial Plains

There are only two such alluvial plains in the Batinah and
Salalah areas. Before reaching the sea the wadis,
originating in the nearby mountains, become braided and
deposit their load of sand and finer particles in
depressions behind coastal dunes before infiltrating into
shallow aquifers.

These coastal plains have some of the best soils of the
country and relatively important water resources.

Nearly half the cultivated area in Oman is in the Batinah
coastal plain. Excessive expansion of the cultivated land
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has led to sea-water intrusion and salinization of the
groundwater and the soils. Crops grown in the Batinah
include date palm, limes, mangoes, alfalfa, rhodes—grass,
and a variety of vegetables and minor fruit trees.

In the Salalah coastal plain, the main crops are banana,
coconut, papaya, vegetables and other minor crops.

—Dunes—Roc tcro omplex

This landscape occurs extensively in Al Huqf area and in
the Eastern costal plain in the Sharqiya region, Hills of
rock outcrop alternate with saline basins and sand dunes.
Tidal flats are extensive along the coast.

Cultivation is very scarce due to the lack of suitable
water resources. It is interesting to note that this area
may have some potential for fish farming.

The Eastern Pediplain

It is a nearly leveled monotonous rock plain made of hard
carbonate rocks that resist erosion. There is a large
number of small depressions caused by dissolution of the
carbonates, under a past, moister climate. This landform
is deeply incised by wadis near the sea coast.

Soils are generally very shallow and contain secondary
lime. Cultivation is very scarce because of the lack of
suitable water resources and soils.

The Western Pediplain *

It is gently undulated and more dissected by streams.
Sulphate rock are more extensive in this area, leading to
the concentration of gypsum in the soils which are
generally moderately deep to shallow to a gypsum pan and
to bedrock.

Cultivation is found in some areas like Dawka where good
groundwater 1is available. Rhodes—-grass, alfalfa and
vegetables are the main crops.

Umm—-Al-Samim Sabkha

This 1is a large flooded depression collecting drainage
waters from the western part of the northern interior
plain.

Soils and groundwater are extremely saline, hence prevent-
ing any cultivation.

Sand Dune Areas

These are large areas of sand dunes. They occur
extensively in the western part of the country in the Rub
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Al Khali and in the eastern part as the Wahiba sand area.

Cultivation is very scarce because of unsuitable soils and
sand blowing. Grazing is widespread, especially in semi-
fixed dunes where a relatively dense bush and tree cover
may occur.

LIMATE

Except for the Dhofar mountains which enjoy a tropical
monsoon climate, the rest of Oman is a subtropical desert.
The climate of Oman has a high variability, both spatially
and temporally. Two distinct seasons occur, winter
(November to April) and summer (May to October). It
varies, however, under the influence of three major
phenomena, namely the prevailing winds over the region,
the up-welling of cold coastal water and the cyclones.

The location of the twelve main weather stations in Oman
are presented in Fig. 1.3 and the monthly average
temperatures and rainfall recorded in those meteorological
stations are illustrated in Figs. 1.4 and 1.5.

Temperature

Annual mean temperature ranges between 17.8°C and 28.9°C
(MAF, 1990). Due to the effect of high altitude,
mountains like Jabal Al Akhdar in the north and Jabal Al
Qairoon Hairiti in the south have the lowest average
annual mean temperatures, 17.8°C and 21.6°C respectively.
Salalah and Thumrait also have slightly lower mean
temperatures than the national average which is 26.3%
because they are affected by the south-westerly monsoon
winds which reduce the temperature of the southern region
during summer. In other areas mean annual temperatures
range form 26.3°C to 28.9%C. 1In general the annual mean
temperature increases from east to west.

The hottest months are June and July and monthly mean
maximum temperatures range from 30.7°C in Saiqg to 46.1°C
in Fahud. The coldest month all over the country is
January, with monthly mean minimum temperatures ranging
form 9.4°C in Saiqg to 24.°C in Mina Raysut. Temperatures
below zero are only recorded in Saiqg where they occur
every year (recorded minimum temperature of -3.6°C).

Rainfall

Oonly Dhofar mountains, in the southern region, and the
Hajar mountains have regular rainy seasons with
substantial precipitation. Rainfall in the rest of the
country is low and irreqgular. Heavy rains can occur,
sometimes delivering all the precipitation of the year in
one single shower, causing violent floods.

Mean annual rainfall is less than 50 mm in the interior
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reglons, covering two thirds of the country, and is around
100 mm in coastal areas. In the Hajar mountains rainfall
ranges between 100 mm to about 300 mm (MAF, 1990). Parts
of Dhofar mountains, influenced by monsoons, receive
between 200 mm and 260 mm of rainfall annually.

During September to November, very little precipitation
is observed in the country (Fig. 1.4 and 1.5).

Rainfall throughout Oman shows not only geographlcal
variations, but also high intra-annual variations. It is
not uncommon to have years of very low or even no
precipitation. This is evident from Fig. 1.6 which shows
annual rainfall at Muscat from 1894 to 1989 (MMDI, 1991,).

Relative Humidity

Monthly mean relative humidity is highest in coastal areas
where it ranges from 50 to 90%. The interior areas are
much drier and have mean relative humidity of less than
80% throughout four to five consecutive months. In these
areas the absolute minimum relative humidity can be as low
as 1 to 2%.

In the northern coastal parts of Oman, high mean monthly
relative humidities are recorded in summer and in winter
and the lowest values are recorded in May. In Salalah,
on the contrary, the relative humidity value peaks in
summer and bottoms out in winter.

In the past five years the relative humidity values varied
from 13% in May to 95% in September at Sohar, and 23% in
July to 89% in January at Sur. Maximum relative humidity
reached 100% for a number of months and went down to 1%
at Buraimi and Saig. At Salalah the variation of the
monthly relative humidity values went from 27% in February
and November to 98% in August (JIACA, 1990)

Winds

Oman being located in a reglon between 16°37'N to 26%30"
latitude, and between 51950'E to 59%0'E longitude is
under the influence of the equatorial convergence zone.
This is a belt of converging trade wind systems that
encircles the earth near the equator (JIACA, 1990). 1In
summer, this system reaches southern Oman and brings
monsoon conditions to the Dhofar mountains. In winter,
the system moves south of the equator. The predominant
wind direction is from the north, while in summer it is
from the south.

Average daily wind speeds range between 0.6 m.sec.! in
December to 0.98 m.sec.! in June at Oman interior, 0.45
m.sec.” in December to 1.09 m.sec. in June at Batinah,
1.6 m.sec.’ in December to 2.33 m.sec.' in June at
Shargiya, 1.97 m.sec.” in December to 3.14 m.sec.' in June
Fi1g. 1.3: Location of the main weather stations
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at Jabal Al Akhdar, and 1.05 m.sec.” in October to 2.47 m.sec.”’
in January at Al Janubiya regions.

1.3.5 Evaporation and Aridity

1.4

1.4.1

Evaporation of water from the top soil is affected by a
number of factors such as location, time of the year,
cloud cover and air relative humidity levels. In Oman
evaporation rates usually peak in summer season as
temperatures and wind speeds are high and the relative air
humidity is low.

The annual open water "evaporation rates are 1,411 mm in
South Batinah, 2,360 mm at Al Ayn, 2,216 mm at Ibra (JICA,
1990) and about 3,000 mm at Al Wadi-Wahiba sands (Jones
et al, 1988). These evaporation figures are 10 - 3 times
higher than the mean annual rainfall in the different

regions of the country. The least amount of -average
monthly evaporation was, according to Gibb et al (1985),
168 mm for January (5.4 mm/day). This certainly

highlights the degree of aridity the country is exposed
to and the critical need for suitable water management
systems in the agriculture sector.

LAND RE E

Geological Regions

The geological formation in Oman ranges from Pre-permian
to Recent age, with rock types including volcanic and
sediments. The predominant formations which have interest
from water resources point of view belong to the Post
Nappe Autochthonous and Autochthonous units (Table 1.1)

Oman consists basically of two geological regions. The
first is the Oman mountains and their adjacent areas in
the north; and the second region is the desert area and
the southern mountains. The differences between the two
geological groups are clearly identified by topography and
climate (JICA, 1990).

The Oman mountains form a part of the Alpine range and are
located on the southeastern edge of the arabian sub-
continent, adjacent to the Gulf of Oman. Within these
mountains, six major rock sequences are found. From
bottom to top, they are as follows (see also Fig. 1.7):

(1) A basement of granites and gneisses, partly
metamorphosed sediments and meta-volcanic. The
basement was folded in the pre-Middle Permian
orogeny.

(ii) The Hajar Super-Group and the Aruma Group - a

relatively simple sequence of mainly shallow-
marine carbonates that range in age from the
Middle Permian to the Late Cretaceous.
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(iii) The Sumeini Group - local-thrust sedimentary
sequences comprising mainly calcareous rocks that
range in age from Permo-Triassic to Middle
Cretaceous. These sequences are stratigraphically
overlain by Middle Cretaceous rocks.

(iv) The Hawasina Group - a complex association of
folded and faulted lithological sequences
comprising quartz sand and carbonate turbidities,
silicified limestone and radiolarian cherts
containing fossils from the Triassic through
Middle Cretaceous are, and shallow-marine
limestone of the Permian and the Triassic ages
that are either associated with deeper-water
sediments of have a substrate of sheared basaltic
pillow lavas.

v) The Samail Ophiolite — a thick sheet of basic and
ultrabasic rocks comprising peridotites, gabbros,
diabases and spilitic lavas, which overlies the
Hawasina nappes with intermittent contact.

vi) The Hadramaut Group and Fars Group - a sequence of
mainly shallow-marine carbonates, locally
conglomeratic, which overlies all older sequences
without conforming precisely to them.

o an

Information about the soils of Oman could be extracted
from two different soil maps. The first one, "Soil Map
of the World", is based on FAO soil classification system.
According to this map prepared at a scale of 1:500,000 the
soils of Oman were classified in 1977 to two types of
soil, Yermosols and Lithosols. Solonchaks and Regosols
could, however, be found in certain areas. Haplic
yermosols are spread in northern coastal areas, lithosols
in the mountainous areas and calcic yermosols in the
inland areas. 1In southern Oman, there are mainly calcic
yermosols and some gypsic yermosols in inland areas.

“Agricultural Resources Map" was drawn up in 1988
utilizing LANDSAT imagery (JICA, 1990). Soils of Oman are
classified accordingly to seven types, namely:

Yermosols, Arensols, Fluvisols, Regosols, Solonchaks,
Solonetz and Lithosols.

In a recent study (MAF, 1990) the soils of Oman were
classified according to the 8Soil Taxonomy, the soil
classification system of the United States of America
(USDA-SCS, 1975), taking into consideration the revised
legend of the Soil Map of the World (UNESCO-FAO-ISRIC,
1988) and using the same concept of the diagnostic
horizons. Six diagnostic horizons were recognized in Oman
during this soil survey, namely: Ochric epipedon, Calcic
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Fig. (1.7):

Geological Map of the Sultanate of Oman
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Source: MAWR, cited in JICA (1990).
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horizon, Camic horizon, Gypsic horizon, Petrografic
horizon and Salic horizon. Some more details about these
horizons are given in Appendix (I).

Out of the eleven orders that are defined by Soil
Taxonomy, only three exist in Oman. These are the
Entisols, Inceptisols and Aridisols. Some more details
about the three soil orders existing in Oman are given in
Appendix (II).

The characteristics of the soils are presented below
according to their presence in the seven main regions of
Oman:

(1) North Batinah and South Batinah Regions

The soils of the North and South Batinah are of
alluvial types and represent the most suitable
soils for agricultural activities. This area
comprises yermosols of silt and fine sands. More
than half of the cultivated areas in Oman are
present in the Batinah plains and hence this
region represents the most development potential
for agriculture (JICA, 1990).

In areas near to the sea, salt accumulation is
observed and the agricultural activities in some
farms have been abandoned. This has pushed
farmers to search for new farm lands towards the
inland area in a search for good soils for
agriculture. Accumulation of salt in soils near
the sea has been attributed to the intrusion of
seawater.

Some of the gravel covered soils of the
interfluvial plains are used for agricultural
production despite their low suitability. The
increased demand for agricultural good and the
application of new irrigation method may have made
this type of activity economically viable.

(2) Dhahira Region

The soils of the Dhahira region including those of
Buraimi region are formed mainly by alluvial and
eolian processes. Medium-to-fine textured
yermosols found on limestone alluvial fans
represent the most important type in these two
regions.

(3) Interior and Wusta Regions

Alluvial plains in the north have yermosols
derived from the limestone range and represent the
agricultural areas in the regions. Flood water
brings weathered materials to the plains and forms
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the fine textured soils.

(4) Sharqgiya Region

The soils of the Shargiya region are formed mainly
by alluvial and Eolian processes. Yermosols
represent here also the most suitable agricultural
lands and are completely wunder cultivation.
Interfluvial plains with Arenosols are considered
to have the highest potential for agricultural
development (JICA, 1990).

(5) Southern Region

Salalah plains with their yermosols represent the
most important soils for agriculture in the
Southern Region. The soils are derived from
northern Jabal. In the Jabal areas, soils are of
clay and silty type and have well developed

structures. These areas are known as the main
rangelands grazed by the livestock in the Southern
Region.

Yermosols represent the main soil type also in
Nejd. Soils suitable for agriculture are entirely
yermosols.

Agricultural Lands

The latest soil survey (MAF, 1990) revealed that out of
the total area of the country amounting to 31.427 million
hectares only 2.223 million hectares are suitable for
agricultural activities (Table 1.2) or about 7% of the
country area. In another recent study (JICA, 1990) based
on analyses of 1982 LANDSAT MSS data, the land area
suitable for irrigated agricultural activities was
estimated to be only 0.269 million hectares (Table 1.3),
located in 10 different regions of the country (Fig. 1.8).

Despite the surveys carried out and the series of
investigations made, the present state of cultivated lands
is not clear. The fiqures of land areas of irrigated
agriculture show as presented in (Table 1.4) considerable
differences between the estimates and ranged between
36,145 and 165,401 hectares according to the source of
information (Table 1.4). Factors responsible for such
differences include, according to MMDI (1991°):

(1) Changes in areas cultivated due to expansion (3.3%
annually for the period 1978 - 1988);

(ii) Boundary differences of regions at compilation;

(iii) Seasonal differences in coverage with crops; and
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(iv) Differences in definition of agricultural lands.

Table (1.2):

Area by land suitability

class for agriculture,

according to the latest soil survey (1990)

selected

Area

Land Class In Hectares In Percent
S, * 791,651 2.52
S,** 1,431,406 4.55

Total suitable land
(S, and S,) 2,223,057 7.07
Total unsuitable land

(N)*x* 29,203,409 92.93
Total land 31,426,466 100.00

*Class S1

(Highly to moderately suitable):

significant limitations or

Land having no

having limitations

**Class S,

***Class N

which in aggregate are moderately severe for
sustained irrigated agriculture.

(Marginally suitable): Land having limitations
which 1in aggregate are severe for sustained
application of a given use and will so reduce
productivity or benefits, or increase required
inputs, that this expenditure will be only
marginally justified.

(Not suitable): Land having limitations which may
be surmountable in time but which cannot be
corrected with existing knowledge at currently
acceptable cost; the limitations are so severe as
to preclude successful sustained irrigated
agriculture, or, land having limitations which
appear so severe as to preclude any possibilities
of successful sustained use of the 1land for
irrigated agriculture.
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Fig. (1.8):

Areas with potential development for irrigated agriculture
selected according to 1982 LANDSAT MSS data analysis.
i
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The widely accepted figure for irrigated land area in Oman
is in the range of 55 - 60 thousand hectares. This area
was cultivated in 1988 to vegetable crops (6,040), field
crops (9,647), fruit trees (32,303) and other crops
(6,651).

Areas cultivated to different crops by regions are given
in (Table 1.5). The most common cultivated crop in the
country is the date palm. It occupies 24,170 hectares or
about 44% of the entire irrigated cultivated area. The
second largest crop area is cultivated to alfalfa, being
8,770 hectares or about 16.1% of the total irrigated crop
area of the country.

WATER RESOURCES

Oman, as mentioned earlier, is arid and characterized by

potential evaporation rates (>2,000 mm. year M.
Evaporation values of more than 3,000mm year™' are
recorded for parts of the interior. In most of the

country the rainfall is unreliable.

Surface flow of rain water ‘is usually confined to short
periods of few hours or few days after heavy rain storms.
This flow is usually towards the sea and does not allow
perennial rivers to exist. Wadi Daygha (70km south of
Muscat) 1is unique in having perennial surface flow over
a distance of more than 30km. The flodd floWws are,
however, of major importance for recharge of the aquifers
of the coastal and interior plains.

Perennial springs issue from the limestones in the
northern mountains and the Dhofar Jabels (MMDI, 1991,).
They remain occasionally as flow at the surface over
substantial distance.

Groundwater

The groundwater in the Sultanate of Oman is of utmost
importance as it represents the source of most of the
Sultanate's irrigation and domestic supplies (MMDI,
1891)). Water resources are basically equivalent to
groundwater resources. Most of the surface flow from
catchment areas in the mountains percolates underground
at the foot of the mountains.

1.5.1.1 Hydrogeology

The hydrogeology regions of Oman were identified within
a project for preparation of A National Water Resources
Master Plan which was prepared by Mott MacDonald
International Ltd. (MMDI, 1991, and ). The
hydrogeological regions are given in (Fig. 1.9) and the
hydrogeology of each has been outlined by MMDI (1991,) as
follows:
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"The Northern Mountains*"

Northern Oman is dominated by an anticline, which forms
a mountain chain from Musandam to Sur. The core of these
mountains is composed of largely impermeable pre-Permian
rocks, overlain on the flanks by shallow marine limestones
and dolomites. Tectonic movements resulted in a detached
block of oceanic crust and mantle (the Samail ophiolite),
and deep water marine sediments being thrust over these
formations. A once extensive cover of Tertiary limestone
has largely been eroded, but significant remnants
especially on Jabal Abyad, North-West of Sur.

Groundwater in hard rocks is found primarily in open
joints and fractures, particularly in the limestones,
which are the source of several important springs. Water
quality is generally good, but highly alkaline springs are
associated with certain horizons within the ophiolites.

The alluvium of the wadi valleys on both sides of the
mountains usually has a high permeability and contains
generally good quality water. It is however, usually of
limited extent and the storage may be rapidly depleted in
dry periods. The alluvium is recharged by infiltration
from surface floods and flow from hard rock aquifers.

Whilst the formations of the Northern Mountains are
important sources of water to many existing commumities,
they do not appear to offer scope for further large scale
development. They are either exploited by traditional
irrigation systems, or are continuous with the alluvial
aquifer systems of the plains described below.

The Batinah Plain

Between the Northern Mountains and the sea lies the
coastal plain of the Batinah. The alluvium which forms
this plain is up to 600 m thick near the coast and
constitutes one of the major aquifer systems of the
country. The water resources are heavily exploited for
irrigation, especially in the coastal strip.
Permeabilities vary according to the clay content of the
alluvium and the degree of cementing. The large volume
of storage in the alluvium 1is adequate to maintain
supplies during long dry periods. Recharge may occur by;
the infiltration of surface run off from the montains,
the transfer of water from hard rock aquifers direct
infiltration of rainfall on the plain.

Water quality is generally good, except nea e coast
where salinities are high, due to sea water -usion,
which is increasing over much of the Batinah ¢ _.st.
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Physical Features and Hydrogeological Regions of Oman

4
4
!

SAUDI ARABIA

INTERIOR |

N / :LAINS

CENTRA
PLATEAU

LEGEND

>— Wadi

Salalah

Sand Dunes
Sabkha

|
Mountains {over S500m)

—— Main Roads

Saurce: MMDI (19913)

The boundaries shown on this map do not imply official endorsement or acceptance
by the United Nations



29
The Interior Plains

To the south and south-west of the mountains, a gently
sloping plain drains inland. The plain is covered by a
thin layer of Quaternary alluvium, underlain by Tertiary
sediments. Groundwater 1is found primarily at shallow
depths and good quality resources are mostly associated
with alluvial wadi channels. However, near the mountains,
large quantities of brackish water (salinity less than
6.400 mg.L™') appear to occur in the uppermost Tertiary
sediments. Away from the mountains, groundwater quality
deteriorates and becomes highly saline in the sabkha of
the Umm—-As-Samim.

Wadi Al Batha and the Wahiba Sands

The Interior Plains are bounded in the east by an area of
sand dunes, the Wahiba Sands. This prevents surface
drainage to the south. Run off from the mountains
accumulates in Wadi Al Batha, which flows East and then
South-East to the Arabian Sea. The wadi alluvium is an
important aquifer, but the saturated thickness is often
small and water quality deteriorates to the south. There
appears to be a connection to aquifers underlying the
Wahiba Sands.

The Central Region (Al Wusta)

The Central Region 1s underlain mainly by Tertiary
sediments of the Hadramaut group. The main aquifer is the
Umm er Radhuma formation. Recharge occurs primarily in
the south, but flow through the aquifer is low and water
quality is generally poor. Localized areas of near
potable quality water occur in wadi alluvium and in the
Tertiary sediments. Recharge to these areas is presumed
to be from local rainfall, probably mainly from occasional
cyclonic storms which develop over the Arabian Sea.
Therefore, they are unlikely to have significant scope for
development, although little is known of the quantity and
quality of groundwater resources in the region as a whole.

The Nejd

The Nejd is a gently sloping plain, falling from the
Dhofar Jabels towards the sand dunes of the Arub Al Khali.
It is underlain by the same sequence of Tertiary sediments
as the Central Region, but the Lower Umm er Radhuma
formation in this region contains water of near potable
quality. The aquifer is confined and flowing artisan
wells occur in the north of the region. Recharge is
thought to be low, but the large volume of water stored
offers significant possibilities for development based on
"“mining" a non-renewable resource. Other formations may
also contain large volumes of water, but generally of
poorer quality than the Lower Umm er Radhuma.
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The Dhofar Jebels

The Dhofar Jebels form the Southern boundary of the Neijd,
with steep scarp slopes to the Salalah Plain and the
Arabian Sea. The Jebels are formed from the same Tertiary

sediments as the Nejd. They receive a higher rainfall
than the plains and are enveloped in fog during the summer
monsoon. The Jebels are a major recharge area.

Infiltration is believed to flow primarily to the south
to the Salalah Plain.

The Salalah Plain

The Salalah Plain lies between the Dhofar Jebels and the
sea. It has a mostly thin covering of alluvium, underlain
by the limestones of the Taga formation and the Hadramaut
group at depth. The main aquifer is the upper member of
the Taga formation. It is recharged primarily by flow
from the Jebels. A broad tongue of fresh water extends
across the plain from the Jebels to Salalah. To the East
and West of Salalah, groundwater is mostly brackish.

1.5.1.2 Groundwater Resources

Estimates of groundwater resources available in Oman were
made by several groups. The JICA group reported in 1990
of 1,239.8mm year' available groundwater(Table 1.6).
This figure was by far higher than the estimates made by
the MMDI group in 1991. Estimates of available
groundwater carried out within the National Water
Resources Master Plan were, according to MMDI (1991,)),
only about 850 mm’ year1 (Table 1.7). Here also more than
50% of the available groundwater resources is in the
Batinah and Muscat area. The different estimates of the
present groundwater available was attributed by MMDI
(1991,) to one or more of the following factors:

(1) The short period of hydrological records;

(ii) The sparseness of hydrological data; and

(iii) The lack of accurate data on the extent of
cropped areas and agricultural water use.

Opportunities to increase groundwater resources, the so-
called potential new resources for groundwater seems to
be very limited as compared to the available resources at
present. According to the Water Master Plan of Oman
(MMDI, 1991,) only about g82mm®> year™ could be added to the
groundwater resources available at present (Table 1.8),
representing less than 10% increase.

Enhancement of the recharge of groundwater with present
schemes is in the order of 7mm’ year™ while through the
planned schemes an additional 12mm? year1 could be
recharged to the groundwater and totaling 19mm® year™ (see
Table 1.7).



{(066T) YDICL :@2anos

31

8°6£C’'T §°0¢ec € 0Lh'T v-8¢ LE"BLT'S €€l S86'8¢€ TYIOL
L eATgnuep
L°9c¢1 8°ST FREA AN 0°s¢ 8T1°0LS 9SsT §59°¢€ v
0 ot £°S £°GE 0-0¢ CL9LT SS¢ £69 wepuesny
0°cee 9% Z2'8Le 0-s¢ 69°CTT'T SOt L6S'0T eATbaeys
v°LST £°8S L°ST¢C 0°0¢t ¥0 6TL 89T 08Z‘v eATTYYRQ
9°9¢T €°9§ 6°¢61 0°o¢ e v96 SET EPT‘L evIxTYRYQg
6°91¢ §°¢¢ vrete 0°S¢E £9°696 S¢T LSL'L yeutrzeqg- s
zeoove T°92 £°99¢ 0oV ¢8°S99 LET 098’V yeutleqg N
(W (W W (%) W . ww AN uothay
abaeyoay ss0] Fzouny a3ey vaay
I33eMpUNOIYH pootTd | 3uswyozed | yyouny | uot3zedioTiaed TeNUUY UeRAW | IUBWYDIED

‘uothax Aq uewo JO 93EURITAS Y3 UT SODINOSIT I93EMPUNOID

:(9°T) o1qel



32

*("166T) IGWW Aq P23TO eBlEpP UO paseg :32INOS

016 184 T 8 0S8 TYIOL
a93em (easnm 1Y)
juetd 1TRWS K31Tenb aood uotbay Texjusy
pueuwap 03
1enbs A1qeqoad
jueTtd 1Tews umouy 3ou wepuesny
_ mo1 At1qeqoad
- umouy 230U ploN
% - - T (0} uteTd yeireies
LST (4 - - SST eAtbxeys aayzaon
BATTYYeQ pU®
(444 - € 4 LTZ eatyeqg uxaylzaoN
eaxy 1e3tded
o6v 6¢ 6 14 8EY pue yeutieg
S66T (sawayog
(uotaeutyesaq) ~-1661 (sawayos butasTxd) uoT3ovIISAY
aTqeTTeAY TE3O0L sasanos aayi3o | pauuetd) pasoueyulm paosueyug TeanaeN uotbay
I93BMPUNOID

- TedA W

‘830aNn0SayY JajeM

(,-xe8k W) 0667 sn3ie3ls ‘uorbax pue soinos Aq uewp JO 93RURRINS BYI UT S8OINOSSY I93IBM

t(L°'1) etqex



Water
where
which

Table (1.8):
Potentlal new

1990 (mm’ year

quality is generally good,
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except near the coast
salinities are high, due to sea water intrusion,

is increasing over much of the Batinah coast.

qroundwater resources by source and region, status

Potential New Mm3-year™
Sources,
Additional
Region Total Recharge Recharge Wadis
Dam of TSE Catchments
Batinah and 55 20 20 15
Capital Area
Northern Dahira 25 5 - 20
and Dakhliya
Northern 2 - - -
Sharqgiya
Salalah Plain - - - -
Nejd - - - -
Musandam - - - -
Central Region - - - -
(Al Wusta)
Total 82 25 20 35
Source: Based on data cited by MMDI (1991))
1.5.2 Desalinated Water

Desalination plants are at present limited to Muscat area,
Salalah and the KRuria-Muria Islands. Small-scale
desalination plants have been installed in some rural
areas. The total amounts of desalinated water is in the
range of 41lmm® year™' (Table 1.7) representing only 4.5% of
the Sultanate's total water resources (910mm year ;, MMDI,
1991,).

Desalination of seawater in coastal areas as well as of
inland brackish water offer unlimited but expensive water
source. This limits its use to potable supplies. Reverse
osmosis (R.O.) method is appropriate for small and medium
sized desalination plants. In muscat area where demand
for both water and electric power is large, combined power
generatlon and desalination using flash distillation
process is applied. .

Treated Sewage Effluent (TSE)

Treated sewage effluent (TSE) represents according to
recent studies (Al-Shuriani, 1991) a renewable source of
water when properly managed. At present TSE amounts to
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about 79,0001HF day”! or 25.6mm’ year™', out of which about
30,000m day” (1lmm® year™) are used by the municipality
of the capital area for irrigating ornamental plants.

The Potential for increasing both the generated and the
consumed amounts of TSE is expected as programmes are to
expand both water supply systems and piped sewerage
schiggs (MMDI, 1991,). The standards established recently
in 9.

Recent research findings of Al-Shuriani (1991) revealed
that tertiary TSE of Dar Seet sewage treatment plant (near
Muscat) was as safe as well water when used for irrigation
of sunflower oil crop, suggesting reviewing of the present
standards and defining several standards to suit the
different applications of TSE, i.e. irrigation of
ornamental plants, trees for afforestation programmes,
controlled cropping, industrial uses and aquifer recharge.

er e

Agriculture is the main water consumer in Oman,
representing about 94% of the total water demand of the
country. Domestic and industrial water demands, inspite
of the recent rapid increase along with Oman's economic
development, represent only 6.1% of the country's demand.
out of the 1,231mm’ year! total water consumption (MMDI,
1991) only 41mm® year ~' comes from desalination plants and
the rest (1,185mm’® year™') is pumped from groundwater.
Demands of water by sectors and regions are given in
(Table 1.9). The differences in water demand values
between the JICA (1990) and the MMDI (1991,) studies
indicate the need for accurate estimates of both water
resources, demands and uses in Oman. it is also evident
that 57.3% (JICA, 1990) to 59.0% (MMDI, 1991,) of the
total agricultural water use was consumed in the Batinah
region. Less agricultural water demand is recorded for
Dhahira, Dakhliya and Shargiya regions.

Groundwater is used to irrigate about 54.4 thousand
hectares (JICA, 1990) cultivated to date palms (44%),
fruit trees (15%), vegetable crops (23%), alfalfa (16%)
and other crops (2%).

The cultivated area 1is irrigated by wells (32,005
hectares), Aflaj (12,410 hectares), springs (121
hectares), irrigated by more than one of the previous
sources (2,782 hectares) and by rain (478 hectares).

The Falaj (plural Aflaj) comprises a channel leading from
the water source to the irrigation system. Qanat Alfalaj
(the channel) consists of a tunnel constructed at low
gradients to intersect the water table and exploit the
groundwater resource. The Falaj system is managed by the
local community to satisfy the domestic use and the
irrigation of perennial crops, primarily dates. Annual
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crops are grown when the Falaj water is plentiful (MMDI,
1991 ).

Water wells are privately owned and there is no limitation
on the abstraction of water. The abstraction of water was
limited in the past as human or draught animal power was
used to lift water. Large abstractions for irrigation
were only possible where the water was at shallow depths.
The governmental subsidized introduction of motorised
pumps has enabled much larger water abstractions from
deeper layers.

Methods of irrigation applied are flood, sprinkle and
drip. The areas under each method of irrigation are not
known. It is, however, assumed that practically all the
irrigated lands apply flood method. The water use
efficiency of the traditional irrigation method is very
low and ranged between 30 to 45% (Hydro Consult, 1985;
Little, 1985; and Atkins, 1989). Improvement of the water
conveyance efficiency i.e. through lining of irrigation
canals or using piped supply increased the water use
efficiency to reach 65-70% (Table 1.10). '

Table (1.10): ~

Water use efficiency of different irrigation methods in Oman

Water Use Efficiency by Source %
Irrigation Method Hydro Consult Little Atki
(1985) {1985) (198
Flood irrigation, 45 - 30
traditional
Flood irrigation, lined 65 - -
canals
Flood irrigation, piped 70 - -
supply
Sprinkle irrigation 75 60 60
Drip/trickle irrigation 80 80 85
Source: (MMDT, 1991).

Farmers tend to overirrigate growing crops to control the
build up of salt concentration in the soil within the root
zone. The facilitated water abstraction through motor}sed
pumping contributed to the problem. In the Batineh
Region, especially in Eastern Batinah, severe
overabstraction was reported (MMDI, 1991,). Water levels
have fallen steadily during the last seven years.
Salinity of both irrigation water and cultivated soils has
increased to an extent damaging to crops of coastal farms.
Abandonment of agricultural activities in coastal farms
of Batinah Region represents a real threat. Water
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balances in this area indicate, accordlng'to MMDI (1991,),
abstractions of as much as twice the recharge to the
aquifer. The available water resource in the Batinah is
estimated to be about 440 Mm® year1 (table 1.7) while the
present use ranges between 720 (JICA, 1990) and 760
Mm’.year™ (MMDI, 1991,).

Financial subsidies are allocated and policies are adopted
by the government to encourage farmers to introduce
improved irrigation methods aiming at rationalization of
water consumption in the agriculture sector. Modern
irrigation methods i.e. sprinkle, pivot, drip and bubbler
are introduced to some newly established farms and have
achieved higher productivity. Shortage of capital,
awareness and adequate technical knowledge delay the
acquaintance of these irrigation methods by many of the
Omani farmers and/or landlords.

Water Balance
Planning for development, especially in the agricultural

sector, is based on availability of additional water
resources. These resources could be:

(1) Surplus water in some regions;

(ii) Enhanced exploitation of groundwater;

(iii) Savings due to rationalization of present uses;
(iv) New groundwater sources explored; and

(v) Extensive use of TSE or recharge to groundwater.

Calculations made by JICA (1990) indicate that there are
few groundwater resources available for development
(1.11). General trends of regional balance of groundwater
are, according to JCIA 91990), as follows:

(a) Batinah Region indicates serious overdraftlng of
groundwater amounting to 201.4 Mm®.year™ over the
available groundwater recharge (557.1 Mm> year1)
or about 36% overdrafting. The overdrafting is
mainly seen in salinization areas;

(b) Dhahira Region is reasonably balanced;

(c) Dakhliya Region shows 14.4 Mm’.year™' overdrafting
or about 9% of the rechargeable groundwater;

(d) Sharqgiya Reglon shows a positive balance amounting
to 24.1 Mn® year1 or about 10.4% of the
rechargeable groundwater; and

(e) Salalah Region (Al Janubiya) shows also a positive
balance of 91.0 Mm® year1 This is a considerable
additional water resource, although salinization
has unfortunately occurred in the central Salalah
plains.
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The regional assessments made by MWR are also presented
in a map indicating the availability of groundwater to
support additional agricultural development (Fig. 1.10).

Table (1.11):

Water resources,

demands and balance by region, status 1989

(Mm>.year™)

Gr.water Demands of Gr.water
Region recharge Gr.water Balance
Agriculture Domestic Total
North Batinah 240.2 321.3 0.0 321.3 -81.1
South Batinah 316.9 428.5 8.7 437.2 -120.3
Dhahira 136.6 134.5. 0.6 135.1 + 1.5
 Dakhliya 157.4 168.6 3.2 171.8 -14.4
Shargiya 232.0 206.8 1.1 207.9 +24.1
Musandam 30.0 13.4 0.2 13.6 +16.4
Al-Janubiya 126.7 i 35.7 0.0 35.7 +91.0
h TOTAL 1,239.8 1,308.8 13.8 1,322.6 -82.8
Source: MMDI, 1990. '

Assessment of water balance in Oman ca
(1991,) revealed higher water deficit b
at present (Table 1.12).
appears in the Batineh and Ca
Potential new resources i.e.
recharge of TSE and new wadi
provide 82 Mm’.year™.

therefore be reduced to 203
Master Plan prepared by MMDI
suggests several options for savin
es?ecially in the agricultural se
Mm’.year™'.
Batinah region through imp
5% (saves 30 Mm’.year™'),
4,600 ha by winter vegeta
and reallocating 5,000 ha

rried out by ™MMDI
eing 286 Mm’.year™
Highest amount of water deficits
pital area (245 Mm’.year™).

additional recharge dams,
catchments are expected to

Mm®.year™'.

The estimated deficit could
The National Water
(1991) for the Sultanate
g of water consumption;
ctor, amounting to 269
Most of the water saving suggested for the
roved irrigation efficiency by
replacement of date palms in
ble crops (saves 55 Mm’.year™)
farmland to alternative uses not

dependent on groundwater abstraction (105 NmP.yearq).

The Suggested savings in irrigation water seems realistic
as the present water consumption in Oman for irrigating
growing crops is more than twice as much as the water
requirements estimated for Northern Oman (Table 1.13).
Date palms receive 205 - 214% of the net water
requirements. Alfalfa, the salt tolerant Crop receives
175 - 207% and lime, as many other fruits in Oman, is
irrigated with 206% of the required amounts of water. The
surplus water applied is much beyond the leaching
requirements of salts, usually about 25% of the water-
requirements. Tomato was the only crop with reasonable
excess of water, only 41% over the water requirements.
Probably this was due to the winter growth season.
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Fig. (1.10):

Availability of Groundwater in the different regions of the
Sultanate of Oman

NC regional groundwater resources
avsilable --- no major regional Buraymi
aqu:fer or £.C. greater than
30.3800 michromhos/cm

MUSCAT

@ NC additional regirona:
groundwater resources
available --- area 1n
overdraft

———NOo additional regiocnai
groundwater resources

available --- area 1n

approximate balance

wmAvailability of additional
pRjuncommitted groundwater resources
3‘cannot be determined --- extent
~of development commitment is unknown

Additional regional brackish
groundwater resources available
R(E.C. 6,000--30,000 michro-
mhos/am) --~ reserves unknown

Additional groundwater reserves
(possibly regional in extent)
available ---reserves and
extent unknown

Additional regional
‘tgroundwater resources
available ---
resource unknown

(e}
Thumnrayt

Salalah  Marbat

Source: MWR, cited in JICA (1990)

The boundaries shown on this map do not imply official endorsement or acceptance
by the United Nations
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Water Quality For Irrigation

There is no adequate information about the quality of
irrigation water abstracted from the aquifers in different
regions of the Sultanate. Information evaluated by MMDI
(1991b), however not mentioned, revealed that the
available data are either not comparable or of doubtful
accuracy. Shallow wells showed increased salinities over
the periods 1975 (Gibb, 1976) and 1983 - 1989 (MMDI,
1991b). The changes in groundwater salinity at the coast
is taken by MMDI as indication of overexploitation of the
aquifer. Similar findings were reported by Weidle plan
and Muamir (1989) for the Batinah Region (Fig. 1.11). Due
to the extensive agricultural development in the Batinah
plain since the early seventies and the extensive motor
pumping from a large number of wells due to small farm
units, the saline groundwater from seaside intrudes the
fresh water aquifer. Soils irrigated with this water have
become increasingly saline. Salinization of soils is
continuing and the affected area is moving inland. Recent
figures of affected areas indicate a 5 to 10 km wide strip
of saline soils along the coast of Batinah Region (Fig.
1.12).

Some analysis of Aflaj water, groundwater and TSE are
presented in table 1.1.4. The salt content of Falaj water
was the lowest and hence presents the best quality for
irrigation. Well water and TSE are of similar quality for
irrigation.

NATURAL, VEGETATION

The type of natural vegetation coincides with the pattern
of water resources in the different physiographic regions
of Oman, the variation in the latitudes, the geological
formations and the soil characteristics. The variation
in such environmental factors is reflected on the plant
life and hence, different vegetation types occur in these
units, which differ according to Batanouny (1987) in their
floristic composition and plant life forms.

The main physiographic regions with distinct floristic
composition and plant life forms are:

1. The great sandy regions of the Wahiba Sands and
Arub Al Khali;

2. The coastal zone of the Gulf of Oman;

3. The mountains, including the Hajar Mountains,
Akhdar Mountains, Qamar and Samhan Mountains of
Dhofar.

Each of these habitats contains fairly distinct
association of plants under the present prevailing
conditions. The vegetation cover, however, fluctuates
according to a number of changing environmental factors,
especially the short term climatic changes and the
increased human pressure on agricultural rangelands.
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Kniviar { Fig. (1.11):
‘ ' ) Location of Batinah Region
SHARJA . .
' in the Sultanate of Oman

GULF OF OMAN
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N Source: Weidleplan and Muamir (1989)
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Quality of some irrigation water and TSE, by source (1991)
(contents in Mf.L™)
Ground water TSE

Aflaj (1) (2) Primary Secondary Tertiary

Water * * % (2) (2) (2)

(1) *
pH 8.0 7.6 8.0 7.5 8.1 7.0
Total sol.salts 680 2000 547 784 796 878
Chlorides 130 810 - - - -
Sulphates 120 270 - - - -
Bicarbonates 250 240 138 228 119 100
Nitrates 2 6 0.1 0.5 0.1 0.1
Ammonia 1 0.06 0.0 28.0 4.0 0.2
Sodium 130 430 220 247 246 258
Potassium 4 17 7 15 16 15
Calcium 39 150 58 46 46 47
Magnesium 51 95 20 29 34 32
Phosphates - - 0.3 2.2 2.7 2.7
Fe 30 52
Mn 1 21 <0.03 <0.05 <0.03 <0.03
Cd - - <0.02 <0.02 <0.02 <0.02
Co - - <0.05% <0.05 <0.05 <0.05
Cu - - <0.03 <0.03 <0.04 <0.04
Ni - - <0.05 <0.09 <0.06 <0.05
Pb - - <0.05 0.16 <0.05 <0.05
Zn - - 0.95 0.85 1.34 0.90
BOD;, - - 0 118 15 15
COoD - - 4] 294 138 92
Total Alkalinity - - 138 228 119 100
Total Bacterial Count - - 1.3x10' 1.0x10¢ 3.1x104 1.1x10
Coliform Group - - 0] 1.46x10° | 1.26x10° 0
E. Coli ‘ - - 0 4.4x107 1.8x10° 0
Faecal streptococci - - 0 12.5x%10°% 1.0%10* 0
Clostridium perfringens - - 0 7 3.5 0

ME (1991)

* N~ o~
N =
~—

*

a

Al Shuriani (1991)
used for preparation of potable water
drinking water
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The plant associations in the different physiographic
distinct regions will be dealt with according to the
information available so far.

Natural Vegetation of the Great Sandy Regions

Information is available about the vegetation of the
Wahiba Sands. The Royal Geographic Society has conducted
an extensive and integrative study abo