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FOREWORD

This report contains the papers and proceedings of the FAQ/UNDP
Seminar on the Reclamation and Management of Sandy Soile in the Near East
and FNorth Africa. It was the fourth seminar in the series sugzested by
the Regional Commission on Land and Water Use in the Near East to be
organized under the Near East Applied Research Programme on Land and Water
Use, ©Cn this occasion, owing to the technical subject, FAQ invited other
countries in North Africa along the Meditteranean coast with sandy scils
to participate and share their knowledge and expariance on ways to utilize
them, )

Although in many cases sandy scils are regarded as a menace and
unproductive, yet from the proceedings of the seminar it became clear that
their produstivity could be considerably enhanced provided that the right
s0il and water management practices are followed., It was also realized
that in irrigated as well as rainfed conditions there is a need to expedite
research on reclamation and management of sandy soils with special reference
to water utilization and fertilization.

The present shortage of land resocurces and food supplies on a global
scale means that soils previously regarded as unproductive, such as sgandy
ones, and covering very large areas, will have to be brought into use,

The implementation of the recommendations made at the seminar and
contained in this publication will be a valuable basis to make sandy soils
produce more successfully and to promote effective land use in areas
previouely considered as less suitable.

R. Tudal
Director
Land and Water Development Division
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T. INTRODUCTION, SUMMARY OF RECOMMENDATIONS AND ACKNOWLEDGEMENTS

Introduction

The FAO/UNDP Seminar on Reclamation and Management of Sandy Soils in the
Near East and North Africa was held in Nicosia, Cyprus from 3 to 8 December 1973,
by courtesy of the Govermment of the Republic of Cyprus.

Tiis Zeminar was the fourth in a series held in the Near Bast reglon as
part of the FRDjUNDF Regional Project MlDf25 "Applied Research on Land and Water
levelopment in the Near Fast", in compliesnce with recommendation o, 2 made by
the Regional Commission on Land and Water Usge in the Near Fast at its second
session in 196%, Its purpose was to bring together senior government officisls
and high level experts to review and disouss scientific and technical activities
in the reclamation and management of sandy soils.

The Seminar was attended by 42 government participants from 17 countries
of the Near East and Nerth Africa, by 19 observers and special participants,
& FAO/UNDP project staff and 5 technical officers from FAO.

The subjects presented for discuesion were along the following lines:

classification, distritution and agricultural potentialities;

fertility and fertilization;

aoil management and conservation;

water management;

applied research.

It provided a good opporfunity for the presentation and discussion of
9 technical papers, 3 supplementary papers and 17 country reports dealing mainly
with sandy soils. The emcursion gave the participants the chance to see and
observe the profile characteristics of sandy soils, etabilized sand dunes and the
experimental activities of the Agricultural Research Institute in fertility and
water management studies. From the proceedings of the Seminar it became clear
that although sandy soils are frequently described as droughty, erodible, infertils

and uneconomical to develop, they can be as productive as any other type of soil

provided that the right soil and water menagement practices are followed. There
ies & need in the Region under irrigated as well as rainfed conditions to expedite
research on reclamation and management of sandy soils with special consideration
to water utilizaetion and fertilization and to strengthen the technical training
and the exten=zion services,

Summary of Hecommendations

The Seminar adopted several recommendations which ecould be summarized under
the followlng peoints:

ia The Seminar recognized the extensive coscurrence of sandy soile in the
Near East and North Africa and recommended the compilation and dissemination
of the available information on their effectivs use under the auspices of
FAQ,

ii., From the discussions it was felt that sandy loam soils could behave
similarly to sandy soils and it was recommended that they be considered



iii.

iv,

Va

vi,

vii.

for practical purpcses as sandy soils. In the classification of sandy soils
their mineralogical composition and the characteristics of hard pans should
be congidered. Furthermore, sound land and water utilization should be
based on land and water resources evaluation surveys of suitable scale.

The Seminar realized that certain guestions on methods of characterization
and practices for utilization of problematic soils in the region remain to
be solved and requested that panels of experts be held under the auspices of
FAD to discuss these probleme and set guidelines and establish priorities,

Training and extension services in so0il and water management and agronomic
practices are critical issues in most of ihe region and the Seminar
recommended intensifying these aspects smong extension workers as well asg
farmars.,

The Seminar, being aware of the potential pollution hazards from heavy
fertilization of sandy socils, use of sewage water and intensive grazing on
these soils, recommended that factors involved, and practices to avoid
pollution, be atudied.

The Seminar recognized the progress achieved in the techniques of sandy soils
improvement and utilization and the limited experience in the region, and
recommended the carrying ocut of basic and applied research on:

a] Soil and water conservation and management:

i) sand dune stabilization (materials, econcmics)

ii) erosion control (methods including minimum tillage)

iii) mulching {methods and technigues)

iv) placement of barriers in the soil (materials, technigues and
economics)

b] Fertility and fertilization:

i}  movement and transfer of nutrients

1i) forms and techniques of fertiliszer application
iii) interaction between fertilization and irrigation
iv] soil fertility evaluation

2) Irrigation and drainage:
1}  water quality {use of saline, sewage and desalinized waters and
their eritical limits)

ii) irrigation efficliency (application and conveyance)

iii) integrated experimentation (soil, water, plants and environment

iv) drainage testing (materials and methods of installation)

v) lining of canals {use of local, low cost available materials
and their economics)

vi) control of algae and microflora in irrigation and drainage systems
{use of chemicals)

The Seminar realized that under rainfed agriculture, special goil and water
conservation measures should be followed and therefore recommended carrying
out experiments on breeding plant varieties most adapted to sandy soils and
especially drought resistant ones, on fertilization practices and on
moisture conzervation and agreonomic practices.
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wiii, The Seminar, recognizing the vital importance of the Regicnal Applied
Regearch Programme Tor Land and Water Use on Sandy Soils for the promotion
of improved land and water use on sandy soils in the countries of the region
and noting that a decision has not been taken so far in support of this
regional programme by the UNDP, the Seminar urges that immediate action be
taken by the UNDP in expediting the early implementation of the regional
programme’s objectives.

It is further reguested that coordination should be made between thim
programme and other RHegional Centres dealing with applied soil and water

researoh.

Aolknowledzements

The Food and Agriculture Organization of the United Nations wishes to express
its gratitude to the Jovermment of the HRepublie of Cyprus for hosting the Jeminar,
to the Ministry of Agriculture and Natural Resources for their execellent organization
of working and social events and to the Ministry of Labour for plasing at the
disposal of the Seminar the facilities of the recently established Hotel and Catering
Institute with its new and up-to-date equipment.

TAD would particularly like to mention the warm and cordial atmoesphere which
pervaded the Zeminar and toc thank the countries of the Near Zast and North Africa who
participated in the Seminar and the special participants who contributed technical
material to the proceedings.

It would also like to thank the United Nations Development Programme for its
material support which made possible the holding of the Seminar.

Special thanks are extended to the Mr. E. C. Michaelides, Director General,
Minietry of Agriculture and Natural Hesources, Cyprus, for his astive support and
interest from the very instigation of the Seminar and to his colleaguses in Cyprus who
gave such a warm welgome to all the participants, and to Dr. V. T'. Krentos of the
Agricultural Hesearch Institute in Nicosia who so ably carried out the dutles of
Director and Chairman of the Seminar, also to Monsieur Hackne Kharehi of Algeria
who acted as Viece-Chairman,



IT OPENING SPERCHES

Mr, H, C, Michaelides, Direcior-Ceneral, Ministry of Agriculture and Natural

Resources

Excellencies, Distinguished Delegates, Ladiea and Gentlemen,

It gives me great pleasure to extend to you all & very warm welcome on behalf
of the Ministry of Agriculture and Netural Hesourcee and to say how grateful we are
to FAC and the UNDP who have accepted our invitetion to convene this Regional Jeminar
on the Heclamation and Management of Bandy Seils, here in Nicosia,.

It is an opportune time to renew contectes and discuss problems of mutual
interest with delegates from member countries of the Hegion,

It is gratifying to note that the agenda of the Seminer covers a wide range
of very interesting items relating to the physical and chemical properties of sandy
80ils and especially those directly related to aspects of water and fertility
management .

Al though the extent of sandy soils in Cyprus is limited, and by no means
comparable in importance to that in most member countries of the Region, yet whare
they are cropped, they may present special problems in the management of irrigation
and fertilization,

Under unsaturated moisture conditions, the unimpeded movement of water and
nutrient ions imposes the necessity for effective and proper methods of irrigation
in order to regulate moisture and ion movement, thus ensuring an efficient use of
water and fertilizers, yet preventing through emse of leaching the build up of
salinity from irrigation waters of marginal gquality.

Generally undsr our soil conditions sandy soil horizons overlay finer texture
layers or intermingle in sequence of layers of varying textural classes. It is in
this latter connection that their physical properties, such as hydraulic conductivity
modify the properties of the whole profile,

Haturally, a thorcugh knowledge of the behaviour of sandy soils and their
internal drainage characieristics are of fundamental importance both in the process
of reclamation and also in the prevention of salinity and gecondary salinization,

We are aware of the tremendoue effort made, and the large investment in funds
and soientific effort by a number of member countries in reclaiming large areas of
gandy seil and in "making the desert bloom"., We wish them every success in their
noble endeavours to develop their land and water resources and increase agricultural
production. We are only t20 anxious to hear our distinguished oolleagues report on
their recent research developments in the field of land reclamation and management,

It has become commonplace to say, and repeat saying, that scarcity of water
resources is the most severe constraint to the impetus of agricultural development.
Yet thie fact pervades omnipotently in our minds. The increasingly serious
situation relating te the world-wide decline of water resources has been amply
fooused by the important document, "Water Problems affecting Agriculture
Development” presented to the recent Seventeenth Seasion of the FAD Conference.
Indeed, this could provide the guidelines for a collective approach for efficient
water use, water oonservation and salinity control in sandy soils and for that
matter, to cther acil types.
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No matter how much we can do by ourselves on the national level, whether it
be research or development, it is never enough. In a spirit of true cooperation,
we in this region of the world, proud of nurturing all past and present
civiligations and cultures, must join in an action-criented effort to attack and
solve the problems that beset land and wator development.

If on the national level we can, and must, pursue ngrioultural development as
a multi-dimensional concept, encompassing the eoonomic, social, inatitutional and
physical elements of development, in a wider sense, it would be relatively easy to
effect the necessary adjustments for a truly effective cooperation on the regional
basis. This is fully consonant with our official position taken and the full
support of the concept of international agricultural adjustment at the recent
Seventeenth FAQ Conference.

In conoluding, I wish you every success in your deliverations and a very
pleasant stay in Cyprus,

Dr. M, H. Abbas, on behalf of the Director-General of FAD

Mr. Chairman, Honourable Delegates, Ladies and Gentlemen,

It is my privilege ic address you, on behalf of the Director—General of the
Food and Agricultural Organization of the United Nations, Dr. A. H. Boerma, and
welcome the participants to this Seminar on the Reclamation and Management of Sandy
Soile in the Near East and North Africa Regions.

The Director-General requested me to express, on his behalf, our thanks and
gratitude to the GCovernment of the Republic of Cyprus for hosting this Seminar and
for all the facilities which will undoubtedly highly contribute to the success of
this Seminar. This magnificent meeting room with all moders interpretation
equipment is but one example of these facilities,

I wish to take this opportunity to welcome the participants from Algeria,
Morocco and Tunisia and the representative of the Arab League; these participante
have joined this series of technical seminars for the firet time,

I also wish to welcome Mr., Pavicie, the Resident Representative of the UNDP
in Cyprus, and wish to thank this Programme for financing the Seminar. Mr. Pavicic
will address you scon, on behalf of the United Nations Development Programme.

Mr. Chairman, Honourable Delegates, it should be peinted out that this
Seminar was held in accordance with the recommendation of the Regional Commission
on Land and Water Use in the Near East. In fact, this is the fourth seminar held
under the auspices of FAO., The first seminar dealt with improvement of saline and
waterlogged solls and was held in Baghdad in December 1970. The second seminar
dealt with efficient use of water at the farm level and was held in December 1971.
The third was held in Cairo in December 1972 and dealt with reclamation and
management of calcareous soils,

Mr. Chairman, in view of the large areas in this region which are covered by
sandy soils and sand dunes, and in view of the limited available cultivable areas,
it becomes necessary to expand agricultural lands into some of the sa~dy soils.
Therefore, it becomes essential to find out the ways and means of utilizing and
maintaining this natural resource; of course, this is the purpose of this Seminar.
I may add that there is a prevailing idea which indicates the high cost of the
reclamation and management of sandy soils. With modern agricultural practices,
it may, however, be economic to use some of these sandy soils.
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There is another important umni&er&tim and that is the population growth
which might necessitate the utilization of some of these sandy soils even though the
cost of their reclamation and management may reach non-economic limits.

On this occasion I should like {0 advise that the latest figures available to
FAO indicate that about 40% of the total area of the Near Fast is covered by sandy
goils. Thus from the total area of about 13 million ma. sandy soils cover an area
of about 5 million m@.

Hr. Chairman, improvement and reolamation of sandy soils are not difficult teo
achieve in view of the advanced teochniques in land reclamation and use of fertilizers
and other inputa, ‘e will have the opportunity to listen to experts at this Seminar
on this matter. [ am confident that the discussions held during the Seminar will
lead us at the end to important technical conclusions on the subject of reclamation

and management of sandy soils,

In conclusion, I should like to wish you, on behalf of the Director-General
of FAO, every success in your work.

Hr, V., Pavicic, Resident Representative of the UNDP in Cyprus

On behalf of the Administrator of UNDP, it is my pleasure and privilege to
welcome to Cyprus all the distinguished participants to this UNDP/FAO Seminar.

He know that, basically, the main purpose of the Semingr is to exchange
ideas. #And participating in this exchange will be, on the one hand, senior
Government officials and, on the other, high level experts of international repute,
The result, it is hoped, will be to the benefit of those countrios represented here,
which are involved in the reclamation and management of sandy soils,

Frankly, as a layman I do not know very much about sandy socila, but I know
one good example how sandy soil has become good and fertile land., A great majority
of you will remember an eminent colleague, Dr. Abdel Razzak Sidky, ex Yinister of
Agrioulture in Egypt and retired Assistant Director<Seneral of FAO for the Middle
East Region.

Dr. S8idky, whom I had the pleasure to meet in 1965 in Egypt, had a piece of
land behind the Pyramids. I cannot recollect the cxact year, but I think it was
in 1963/64, when Dr. Sidky sent samples of hie land for analysis, and the reply
was: "Pure sand". Despite the disappointing news, Dr. Sidky continued to
investigate all possibilities for the improvement of his land. At firet, he
brought water and then fertilizers., He planted tangerines, lemon trees and orange
irees; later he planied mangoes. The whole operation from the very beginning was
appro-ched in a full scientific manner and today, after ten years, Dr. Sidky has
an economic and sound project of his own on ex-sandy eoil, with good profit and
excellent prospectsa.

Thie example shows, I think, what can be achieved when perseverance and a
scientific approach are joined in marriage. Perhape, it may also be a headline
for other people — private enirepreneurs, co-operatives, and others.

But let me return to the work of the Seminar. Personally, I feel one
absorbs information best when the surroundings are congenial. Here, on the island
of Aphredite, you have the most pleasant framework possible. As hosts, you have
an obliging and hospitable Government, on an island renowned for its beauty. As
if this were not enough, at your disposal are new conference room facilities,
of which you are the first international c¢lients.

You carry with you the best wishes of UNDP for a productive and successful
Seminar, and a pleasant stay amongst us.



IIT. WORKINT PAPERS

1. CLASSIFPICATION AND DISTRIBUTION OF 2ANGY &S0ILE 1IN THXE
NEAR EAST PBECICHN AND THEIR AGRICULTURAL POTENTIALITIES

oy

Ls Te Eadry
Fegicnal 3Joils Specialiagt
¥A0 Regional Office, Cairo

SARY

Sandy soils are of widespresd occurrence 1n the Hear Wast region., Their
claseification has been established Ty ihe recent comprehensive USDA scil
classification syeiem as well as by the FAC Hey to So0il Units Tor the 301l Map
of the World, In this paper, a review 1g made of the classification, distribution

and agricultural potentialities of the sandy soils in the regicn.

The aridity of the olimate is reapensiole for their slow chemical
weathering and soil formation., The sparse wegetaticnal cover coupled with nigh
goil temperature is the cause of the low organic matter coatent and biclogie
activity in the soil. Carbonates, gypsum and salts may be prosent at some level
depending on the penetration depth and intensity of rainfall. lenerally, all
gandy soils are weakly developed. Oaleification and gypsification are the main
goil forming processes, Under strongz winds which promcte sand and dust storms,
the upper layer is either blown off cr buried under aeclian deposits depernding on
the topography.

Aocording to the USDA system of so0il elassificstion, sandy soils of the arid
and semi-arid rezions are included in the Order f4ridesols. In the Buvorder Orthids,
one can dietinguieh the following great groups:-= Camborihids, Calsiorthids,
Paleorthids, Salorthids and Jurcorthids. The paper presents a key to Jrdere,
Suborders and M-eat Jroups of the sandy soils components of taxonomic units under
arid and semi-arid regions and shows both systems of classification: the Tin
approrvimation and the FAC =aoil units For the So0il Maps of the Worlid.

The distribution and origin of sandy =0ils are given for the countries in
the region., In Egzypt, the western desert plateau is predeminantly sandy while in
the Nile Valley and delta only two distinet sei1l sress exist as 2 remult of the
torrential depositions in the “leistocene perisd. In Pakistan, sandy seils occur
extensively in the norinh wess, tne centre and the Thar desert. Thne regions in the
Sudah where sandy soile prevail predomirantly are Koerdefan and Darfur Provinces,
the central west, north west and north of the country. The sandy soils of scuthern
Jordan and the Rift valley regions are of Hubian =mandstone origin. In Semslia, of
the total of 55 s0il mapping units, 28 are sandy soils and of the 20 million Ra
total land resources, 3 million ha of sandy solls are classified with a olass B
gulitability for cultivation.

The mzin physiographic units where sandy soils and sand dunes cccur in Irag
are the northern and southern deserts, the Jezireh, north-western steppe plains,
the river terraces, floodplain and delta, foothills and alluvial fans. In Iran,
gandgtones and ighneous rocks constitute the iithologic crigin of ihe sand fraction
of sandy soils which ocour in almost all physiographic units, By virtue of the
heterogeneity in the physical nature of the terrain and the climaiic ocondizions
of the country, a wide variety of sand dunes and sandy soils is found. In Huwait



the sandy soils are predominant; 10 soill mapping unite, mainly sandy textured, have
been identified. Sandy =so0ils occur extensively in Lityas and they are being
developed in a number of projects e.g. HXufra in the central Libyan degert and

the Tawurgha project near Benghazi. Similarly, major parts of the soils of Saudi
Arabia and ciher countries in the Arabian Peninsula are sandy.

The paper discusses the agricultural potentialities of the sandy soile in the
region, Their susceptibility to wind erosion and sand dune encroachment seriously
impalr their utilization. 3Sand dune fixation by vegetative covers and crude oils
has been succesgsfully achieved in Iren, Irag, Hgypt, Lebanon and Saudil Arabia. The
low water holding capacity organic matter content, biclogic activity and fertility
of sandy soils and thelr association with salie, caleic and gypsic or durie physico-
chemical conditions hamper their productivity. Problems such as those of high
evaporative demand and occurrence of compacted layers that impede the natural
drainage are not uncommon, IExperience gained in Egypt and the countries in the
Arabian Feninsula are mentioned in the paper.

A scheme is cutlined for developing the agricultural potentialities of sandy
soils in the region based on (i) surveys of their resources and needs for
conservation, reclamation and improvement and (ii) programme formulation and
implementation for thelr utilisation according to land mapping units and
devel cpment of projects based on applied research on land and water use,.

1.1, INTRODUCTION

Sandy soils whose textural classes include the sands, loamy sands, sandy
loams and their respective fractional subdivisions are of widespread occcurrence
in the predominantly arid and semi-arid suttropical centinental climatic zones of
the MNear Baet region. They alsoc osecur to a lesser extent in the subhumid, humid
gubtropical and tropical climatic zones of this region.

The arid and gemi-arid zones in the Near Tasi are characterized by their
aparse shrubby vegetation and their very dry to semni-dry and variable climate
dominated by windstorms and torrential winter rainfall of short duration. The
gandy so0lls in these zones possess a combination of typically characteristic
properties: slow pedogenic evolution as reflected by their shallowness; highly
decomposed and scanty organic matter as a rule distributed in the soil profile;
almost structureless; slightly weathered sand grains reflecting the predominance
of physical over chemical weathering; stable clay mineral fractiom; and occurrence
of soluble deposits near the surface in the form of seluble crystals, caleie,
gypsic or soluble nodules or eruste. In the alluvial areas of the semi-arid zone,
sandy scils ars agsoclated with stratified and hydromorphic soil conditions. The
classification of sandy =o0ils has been recognized by the recent comprehensive
USDA s0il elassification system (Tth approximation 196?] as well as by the FAD
Key Chart of Soil Units for the Soil Map of the World. In this paper, a review
is made of the classifiecation, distribution and agricultural potentialities of
sandy soils in a number of the countries in the Near East region (Kadry, 1972).

Te2 S0IL FORMATION

The so0il climate is extreme., Soils are very dry and hot, sometimes
reaching 70°C or even more in the surface soil horizon. Wind erosion is dominant.,
Chemical weathering and =oil formation are extremely slow and physieal weathering



predominates in regponse to the extreme variations in temperature. Thiaz is
attributed to the long periods of dryness, since in winter, rain falls in short
heavy showers, but it does not percolate through the soils only the upper layer
becomes moist for short periods in the desert zone and in the dry steppe zone for
a Tew weeks or months, The lower part of the sandy seil is, therefore, always

dry and is called the "dead" horizon. In the arid zones, the dead horizon is

just below the surface, but in the semi-arid zones, it is deeper, In wetter years,
gome sandy soils in the semi-arid zones may become moist to a depth of 1.5 to 2
metres.

Absence of vegetational cover resulte in an extremely low production of
organic matter. As the sparse vegetaiion has a wide and deep root system, the low
organic matter content is well distributed throughout the so0il and decreases
slowly with depth. Then soils are therefore called isohumic in the French
olassification. Organic matter content in the sandy soils of deserts is often
less than 0.2 percent, increasing with the transition to dry steppe to about
1 percent. The extreme climate, sparse vegetation and low chemical and biological
activity cause very slow scil formation processes to cocur. VWith inoreasing
rainfall and little percolation of water through the upper part of the sandy
soil, carbonates, gypsum and salts may become soluble and accumulate at some
depth. Hedistribution of carbonatesand gypsum are the main processes in most
pandy soils. In the less dry sandy soils of semi-arid regions, some transport
of fine clay ceuses a weak argillic horizon.

The amount of water from showere percolating through the upper part of the
goil activates biological reactions. The water in the surface layer evaporates
rapidly. The remaining soil moisture therefore determines the rate and duration
of the chemical reactions, the produoiion of organic matter and the biological
activity.

The morphology ¢f sandy soil reflects the weak processes of soil formation,
acting only for a short duration in winter, All sandy soils are weakly developed.
Only some old soils may exhibit profile horizon formations. The A4 horizon is
weakly developed and can hardly be seen in a desert sandy soil, btut becomes more
distinct in the semi-arid sandy soils. The organic matter is almost lacking.

So0il structure is weak and very unstable,

Tha B horizon is almost abasent in desert soils except where they are very
old and have formed in a pluvial period of the Plelstocene with a weiter climate
than the preseni. In sandy soils of the semi-arid region, a cambic or argillie
B horizon, often weakly developed, can be recognized, because there is some weak
structuring, scme colouring, some recent formation of clay mineral or the iransport
and accumulation of fine clay. Redistribution of carbonates and gypsum is common
and most sandy soils in arid and semi-arid regions are calcareous and gypsiferous.

The processes of caleification and gypsification are, therefore, the main
onese. Ay Boca and a Bes horizon at some greater depths are common. Thesa
horizons become more pronounced in regions where some water percolates through
the profile, eventually leading to the formation of caloile and gypsic horizons.
In desert soils, the Ca horizon is near the surface. In the dry steppe soils, the
Ca horigon is deeper.

Especially in the desert, many sandy soils have a thin (1 to 2 mm) and
brittle surface crust, formed by rain showers. This crusty surface restricts
and delays infiltration of water, causing much runoff during the incidence of
rainfall thus promoting sheet, rill and finally gully erosion,

In some sandy scils, lime or gypsum crusts ocour. These are hardened layers
of carbonate or gypsun accumulation.
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The strong winds promote sand and dust storms., Depending on the topography,
the upper layer is therefore either blown off or is covered with asolian deposits.
Sand dunes and loess ooccur locally and regionally. Sandy soils containing gravel
have a surface gravel layer (desert pavement), that is left behind when the finer
soil particles have been bElown off.

Rocks and rock fragments have a desert varnish on their surface often
consisting of brigntly polished dark oxides of iron and manganese.

CLASBLFICATION OF SANDY SO0ILS

In the former American system of soil classification, the soilgof arid and
semi-arid regions were grouped in the order "zoral seils" end in the suborder
"ignt coloured soils of arid regions". The great seil groups are: desert soils;
grey desert soils; red desert soils; siercgzem; reddish brown soils and brown soils,
Some other great s0il groups in the orders azonal and intrazonal soils are:
regosole, lithosols, alluvial soils; solonchaks, solonetz.

In the USDA comprehensive system of soil classification (7th approximation’
arid and semi-arid seils, including sandy soils showing horizon development are
classified in the order aridisols. Soils in this order are characterized by the
presence of an cchric epipedon and the absence of an oxic or spedic horizon. In
additional they are usually dry and have feamiures characteristic of arid and semi-
arid regions such as calecic, petrocalcic or gypsic horizons, or a duripan.

Usually "dry'" indicates that more than half the time, the soil is dry. In the semi-
arid regions, the better developed soils often have an argillic horizon (the
guborder argids) or they have a cambic horizon (with redistribution of carbonates)
often with a calcic, petrocalcic or gypesic horizon or a duripan (the suborder
orthids). Some also may have a salic horizon. In the suborder orthids the
Tollowing great groups are distinguished:=—

Camborthids: orthids characterized bty & cambic horizon, often with
redistribution of lime and gypsum, but not forming a caleic or
gypsic horizon,

Calciortnids: orthids with a caleie or gypsic horigon, that has its
upper boundary within one metrs of the soll surface.

Faleorthids: orthids with a petrocalcic horizon, that has its upper
boundary within one metre of the =oil surface.

Salorthids: orthids with a salic horizon within 75 cm of the soil
surfaca.

Durarthida: orthids with a duripan, that has its upper boundary within
one metre of the soil surface.
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{Sandy Soil Compon of
Key to Crders, Suborders and Great SJroups of
Joils of Arid and Semi-arid Regions

OFDER

SEOUP

fntisols with a texture of leoamy fine sand or coarger
between 24 cm and 100 cm depth

Peamments that are usually dry

Entisols in wnich organic matier decresases irregulariy
e

with depth or is less than 0,35% at 125 cm depth
Pluvents that are usually dry

Other entisols
Orthente that are usually dry

Soils having an occhric epipedon that is not hard and
massive, and with ane or more of the following:
a., wuwsually dry and with an argillic, cor natrie,

electrical conductivity /2 millimhoe to 125 cm
1T sandy, to 90 cm if loamy, to 75 cm if clayey,
! and a cambic, calcie, petrucalcic, gzypsic, or

i duripan horizon, or

. =aturated with water for 1 month or more and a

salic horizon
Aridisels with no argiilic or natrie norizon

Ortoids having a duripan

Other orthids saturated with water for 1 month
or more that nave a salic horizon acowve any
caleic or gypeic horizeon

Other orthids with a petrocaleic horizon

{ Other orthids that are calcarecus throughowt and
have either a calecic or a gypeic horizon

Other arthids

Boils with no disghnostic horizone except an ochric hopizon ENTISOLS

Fsamaents [F40 regozols)

» Terripsamments

Fluvents {TAC fluvisols)
Torrifluvents

Orthents (FAD regosols)
Torriortnents

ARIDISOLS (FACQ xerosols,

yermasols or arencscls, where

texture iz coarse< 18% clay and
; Y

cambic, caleic, petrocalcic, duripan horizon, or Y65 sand)

Orthids

Durorthids (FAO aaplic xerosols,
yermogols, cambic arencscls -
duric phase)

Salorthids (FAQ orthic solonchak

Palecrthids {FAQ calcic
xerosols and yermosecls, cambic
arencsols — peirocalcic phase)

Caleciarthids (PAO calecic and
gypsic wxercsols and ysrmosols
and cambic arencsols)

Tamborthids (FAD haplie
Zerozols and yermosols or
cambic arenosols)

lj Flack and Smith (1269), FAQ/Unesco {1968) and FAG/Unescc {19700,
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CISTRIBUTION OF SANDY 301IL3 IN THE COUNTRIES OF THE REZION

hrab Hepublic of Haypt

The two main landforms are the desert plateaux and the File river wvalley and
delic. In the late Tertiary paricd the KNile valley was covered by a sea gulf
filled pgradually with marine and terrestrial deposits during Fleistocene and
racant times, The desert plateaux range in age from (retaceous toc Flicocene with
formations of sandstcnes (Nubkian), shales and limestones interspersed with gravel ,
rubible and sand deposits in various stages of consclidation. The Western Desert
plateau region is predominantly sandy and the eastern plateau predominantly
calecarsous. Geomorphologically the Following sewven landformfsail groupings were
classified (Veensnvos, 1966):= (i) rubble terraces; (ii} river terraces - five
gharacterized; (iii; deltaic ssages of river terraces; (iv) alluvial fane and
outwash plains; {(v) wadis; {vi) plain lands; (vii,; wind-blown., In the delta, the
main landforms were the fluvic—narine marshlands; tne lagoon lakes with swamps;
the sandy coastal barrier plain and the ghifting sand dunes.

The soils of The rubble terraces were gubdivided into five =soil asscciations
corrasponding to Tive terrace levels, Gravel and sandy loam predominate. In the
delta scils sands predominate and gravel content iz low. The dilfferentistion of
two soil associatione was in the presence or absence of loany sand topsoils. The
scils of the alluvial fans and ocutwash plains, which contain high sand fractions,
are differentiated by the gravel and sand lextural components, The textural
groupings of gravel, cobble and sand differentiated the soil associations of the
wadi, Wind-blown so0ils, marine lacusirine and regidual soils were the sub-
divigion of the plain soils.

In the cultivated zone of the ¥ile wvalley and del<a tweo distinet sandy soil
areas exist as & result of the forrential depositionz in the Fleistocene period;
these areas are the Tastern Province and Arab T1 Haml (Menoufieh Sakkarah),.

Tran

Sandstores and ignecus rocks, phyllites, quartzites, gneiss, granite, etc.
congtitute the lithelogic origin of the sand fraction of sandy soils. 'The
geologic structural units include the Yhuzistan plain; folded and thrasi-folded
zunas of the Zagros systemy central platesnj Llburz range; Turkanan — Khurasan
range and the Uaspian littoral sand dunes, Sandy soils in the form of aeclian,
colluvigl and alluviel sediments ccour in almost all the physicgraphic units of
the country - plains and wvalleys, plateaux, Caspian piedmont, dissecied slopes
and mountains - a8 regosols, desert soils, siercsems and in associstion with the
main zonal svils, (Dewan and Famouri, 1964). By virtue of this heterogsneity
in the physicel nature of the terrain and climatic conditions, a wide variely of
sand dunes and sandy soils is formed. According to Bhimaya (1973) sand dune
fixation activities exist in each of the following areas:— Fhuzistan, Khoragan,
Kalatamirali, Barabad, Yshiyabad, Namen, Chubia, Fadieheh, Abmedabad, Gonabad,
Umrani, Tabas, [firdous, Dandar, Abbasm Kerman, Zerund, 3istan 3sghishistan, Semnan,
Dhamgan, Yazd and the Central Province.
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The lithologic origin of the sand Craction in tne sandy scils may he itraced
to the Triassic, Jurassic and Cretaceous periods when Lhe Hubian sandstone was
gedimented in the western desert region of the couniry. During the Tertiary
period and particularly during the Miocene zge, the [Mars formation consisting
mainly of gravel, gypsum, marl and sand was sedimenied in the inland sea and the
lowermast foothill areas of the Zagros mountain region associated with erosion
activities. During the Pliocene and the Fleisiocene ages, older river sedimenis
took plece aszocciated with erosional and depositional cycles thus forming the
terraces and fanse in northern and central Iray and the terrace zone of the
northern region of the Lower lesopotzmian Flain. Gravel conglomeraies, sand and
madstone constituted the depositiunal material in fthese terrains. During the
quaternary period, Holocene sge, younper river sediments associated with asclian
deposite occurred where the river flow was turbulent and the windstorms intensive,
Coarse to fine sand was the main transported material wihich, when there were river
floods, was deposited to form levees adjacent to the river course and when
windetorms subgide aeclian deposite were Tormed, {Huringh, 1960 o

The main physiogrsphic units where sardy ecils and sand dunes ocour are the
northern and southern desert; the Jezireh north-western sieppe plaing the river
terraces, floodplain and delis, particularly in the lewvee areas of lheir soil
mapping units; and the foothills and alluvial fans.

Coarge-textured soils developed in the residual desart scile from sandsiones
are the calciorthids (USDIA), developed either [rom calcarscus sandstones or
gravelly sands (al-Taie, 1968). Guartzipsamments (USDA) developed from gravelly
sands have also besn noted. In the Ja'ara area of the northern desert unit, sandy
soils weathered from calcareous sandstone are the lithic caleiorthide (USDA). The
cambie horizon which overlies the pareni rock in these scils consists of a matrix
cemented with carbonates and iron oxides. The weight percentage of heavy minerals
in the sand fraction is very low and oconsists of auglite, szircon and opajgue
minerals. The quariz which is the dominant mineral of the light fraction, 1is
rounded and sub—rounded,

In the Zubari area of the southern desert guartzipsamments ccour on oa
nearby level landscapa., The parent material consiste of 55 percent gquaria and
other resistant minerals, Heavy minerals are very low {0.2 percant}. Lime
content ranges from 11 to 13 percent; it cecurs in tha clay fraction (Al-Taie,
1568).

Typic torripsamments {Uﬁjﬁ} in tha form of sand dunea have been noted o
gocur in the southern desert unit, north of Bubair. In these soils, the gquartz
component sredominates.

Sandy sBoils prevaeil in the desert physiographic umit as netrocalele,
paleargids, typic calciorthids and lithic caleiorthids. In the alluvial Ffans unif,
sandy soile are assoclaied with ihe typic torrifluvents and typic galorthids, in
the high terrace unit they are in asscciation with gypsic calelorthids and typic
salorthids and in the low terraces with theiypic torrifluvents, particularly in
the Ruphrates levese areas. Oand dunes invariably exist in associabtion with she
typic torripsamments.
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Jordan

Nubian sandstonaes, which represent the grouping of sandstone formations
ranging in geclogic nistory from the Cambrian to the Paleazoie, io Triassie to
Jurassic and Lower Cretaceous, are the lithologic origin of the predominantly
sandy soil region of Southern Jordan and the Rift Valley. Adjacent to the Nubian
sandstone region is the Jranite Hill (Southern Jordan) region, north of whieh are
the flint strewn desert, the lava field and the steppe regions. The sandy acil
material formed from the latter geomorphologic regions is medium to fine-grained
ranging in cglour from yellowish to reddish to charkish grey ascording to the
colour of the parent rock.

Soils whose sandy textural fraction predominates are the alluvial soils,
the regosols; the lithosols (sandstone); the grey desert soils (sieroczem); and
sand dunes of Wadi Araba (Moorman, 1959).

Kuwait

The State of Kuwait is loecated in the north-east corner of the Arabian
Peninsula on a desert plateau. The zeologic formations from which originate the
predominantly sand soils of the country consist of recent marine deposits,
outcrops of Miccene rocks, feldapathic sands and shelly limestones,

Four great groups of soila have been characterized: desert; desert-regosol
intergrade, lithosols and alluvial, (Zrgan, 1966). The soil mapping units which
are mainly sandy textured are: (i) sandy desert hardpan; (ii) zypsiferous desert;
(1ii) gravelly saline desert; (iv) gravelly gypsiferous saline desert; (v) saline
gypsiferous desert; (vi) sandy desert; Evii] desert dune; (viii) escarpment;

(ix) hydromorphic saline alluvial; and (x)} recent alluvium.

Libyan Arab Republic

Sandy soils ocour extensively in Libya. In spite of the physical limitations
of the sandy soils, a number of project areas are being utilized for vegetable and
erop production, s.g. Kufra project area in the South-West Libyan Desert (Karah,1971)
and the Tawurgha project area near Tripoli.

Pakisgtan

The physiogzraphic landferms of Pakistan from which the solil fomming sandy
materials originate in the north, south and west include the mountains; piedmont
plains and terrace remnants, the dissected old loess and alluvial terraces (Potwar
uplands}; rolling sand plains; old river terraces; sub-recent river plains; and the
Indus delta and recent river plains, (FAQ, 1971).

Throughout the geclogie pericds erosion sedimentation and weathering were
active in modifying the features of the landscape. The physical factors from which
the origin of the sandy soil parent materials and their formation were derived were
tha continental sedimentation of sandy beds; peneplanation and dissection of Potwar
uplands; permafrost and its melting, deposition by rivers and wind reworking of
Choligtan and Thal sediments; down—cutting of eastern rivers into the old river
terrace material near Multan.

Sandstone calcareousz material coming from the mountains in the nerth and
wast during the Mesozoic and early Tertiary was a major lithologic source of the
gand soils. The mandy piedmont plains derived from the calearecus sandstones were
frequently reworked into sand dune fields i.e. rolling sandy plains.
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Sandy soils occecur extensively in the following locations:-

ia. North-Hest: Multarn, Muzaffergard, Tera Thazi, Khan, Mianwali, part
of Sargedha and Tera lsmail Fhan Distriet.

ii. lentre: Bahawlpur, Rarmiyar ¥nan and Khalrpur

1ils Thar Desert: South—easterrn districte of 3ind and part of
Baluchistan.

Saudi Aravia

A major part of the sgoils in Zaudi Arabia are sandy. Zandy scils in
association with yermosgels and gleysols ocoocur in the El Hassa {Hofuf} irrigation
project area, El Hatif experimental area and several land setslement schemes.

Comalia

The Precambrian basement complex and sandy limegtone Cretacecus and Jurassie
deposits in the Jesouma sandsione formation constitute the main lithologic sources
of the widely cecurring sandy scils.

Four sandyv so0il mapping units have bean developed on residual parent
materials and/or locally derived erosion productis and tweniy-six sandy soil mapping
unitas are derived from traneported materials:— older river alluviae; recent river
alluviae; eluviated material; marine deposite and sandy seolian deposits. Thus of
the total number of fifty-five soil mapping units, tweniy—eight are sandy soils.

Of the 20 Q00 844 ha total land rescurces 3 064 OO0 ha of sandy soils have been
classified with a class 5 suitability for cultivation (De Vries, 1368). From the
pedogenic standpeint the sandy scils have been characterized as solonetz,
golonchak; brown semi-arid; terra rossa; grey grumosol; reddish brown galcic;
reddish brown ferruginous; regosol and iithosol,

1.4.10 Sudan

The origin of the sandy soil material ie a mixture of metamorphic, igneous
and sedimentary rocks. As s result of veleanic activities, tectonic movements,
erogion, deposition, foliaticn, bedding and weathering, the mineralogic constitution
of the sandy grains was formed. The litholegic source of the sand is mainly HNubian
sandstone contributed to by the igneous rocks whose main source ia the basement
complex wiich forms over two-thirds of the rock exposures of the Sudan. The regions
wherse sandy scils predominantly prevall are the central west, the north-west and
the nerth of Kordofan and Darfur Provinces, In theee two provinces, the Hubian
sandstone formation, cunsisting of sandstones and mudstones, evolved in the Mesozoie
followed by "Continental Intercelaire" conaisting of sandstone; in the Tertiary the
Hudi formation consisting of cherte followed oy the Urnun Ruwaba formation of
alluvial clays and sande; in the Juaternary the Gerira formation of alluvial sands
and clays evolved, followed by ihe Kerdofan sands of aecclian origin which were
depoaited. Four distinct terraces of the Nile River were identified, representing
four sequential regimes of its formation.

The main sandy scils which were characterized in Central Sudan by Buursinck
(1971) bvased on the USDA system of soil claesification were the following:— the
typic kaplustalf, aquic ustifluvent; typic calciorthids; typic paleargid and aquic
ustifluvent.

Buursinck [19TT} investigated the mineralogle constituents of the sand
fraction (500 to 50 mieron) and comeluded that there ig an increasing degree of
weathering of soils from Terrace I to IV,
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United Arab Emirates, Bahrain, Gatar, Oman, Yemen Arab Republic and Feoples
Democratic Fepublic of Yemen

Sandy scils are widely distributed throughout these States.

AGRICULTURAL POTENTTIALS OF SANDY SOILS IN THE REGION

The susceptibility of sandy seils to the erosive power of the frequently
ogeurring windstorms in the arid and semi-arid zones of the Hear East regicn
constitutes a primary hazard which needs to be checked by establishing windbreaks
gomhined with soundly planned cropping syvetems.

Invariably, aeclian sediments from wind blown sand pile up to form sand
dunes which seriously impair the erop growing areas and reduce the efficiencoy of
the irrigation and drainage networks., Measures 1o fix sand dunes with vegetative
cover have been successfully applied, sometimes in combination with crude oil, in
Iran (Bhimaya, 1971), Irag {Oreater Mussayib and Babil project areas), Arab
Hepublic of Egypt Eﬂnuth Tahrir and Isna project areasj, Lebanon [coaat ZONe near
the site of the International Airport in Beirut), Saudi Arabia (El Hassa and
Hofuf project areas).

The more acute form of sgand dune migration is "degert encroachment" which
ig a commonly ccecurring problem in arid lands. To check and control this natural
phanomenon a wide range of physical and sccio-sconomic ameliorative measures
generally need to be taken concurrently.

The agricultural potentials of sandy soils in the arid environment of the
Near Hast reglon are hampered by their low water-holding capacity, weak structure
and low organic matter content, low inherent fertility and micro-biclogic activity
and their association with salie, caleic or gypsie or duric phyeico-chemical
conditions, 3By virtus of their common occurrence in desert terrains not only is
the evaporative demand high, but they also have to depend mostly on groundwater of
variable gquantity and quality for irrigation. The ococurrence of compacted layers,
e.g. caleie, gypsic, durargid, duriec, ete., of wvarying thicknesses and depths
impedes their natural drainage.

In the South Tahrir project area in the Aral RHepublie of Egypt sandy soils
are utilized on a large scale, with irrigation by sprinkler and surface methods.
The winter cultivated area in 1968/69 was 46 100 feddans (1 feddan = 4 200 m2) and
the 1969 summer cultivated area was 47 600 feddans. Vegetables, fruit, field and
pasture crops were grown. To improve the water-holding capacity and conserve
moigture irrigation sediments were mixed with the sandy surface soil. A quantity
of 75 m3ffgﬁﬁgn wag found to be optimum from the production economic standpoint.
In 1972 this rate of irrigation sediments was spread on a 1 000 feddan crop
produciion area. DIxperiments were also carried ocut with varying application
rates and mixtures of organic manure with irrigation sediment. A mixture of
10 tons organic manure with 40 m3ffgddan of irrigetion sediments was the optimum,.
It was also noted that 20 tons of organic manure was equivalent in its effect of
improving the water-holding capacity of sandy soils to 150 m2 of irrigation
sediment application (Naghmoush, 1973). Use of bentonite and agrofix (mixture
of bentonite and organie mattar] applied in the form of a subsocil layer at depths
ranging between A0 and 70 oms was also noted to be effective in improving soil
moisture holding conditione and increasing crop production on sandy soils
(Makled, 1971). Application of crop residue and organic manure mulching material
on sandy soils to redeem surface evaporation, thus conserving the moigture for
root absorption (Balba, 1973), was noted to be effective, Application of mixtures
of organie fertilizers with low to medium levels of solubility rates to lengthen
the effective period of nitrogen utilization on sandy soils such as urea
formaldehyde, urea sulphide, hexamin urea was observed to be effective (Balba,1973),
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Application of compound fertilizer Folifertil {British product), Bayfolard (Bayer
product) and Mutonin (Egyptian product) separately and in combination with berseem
clover green or organic manure at a rate of 10 m3ffeddan on grapes on sandy lcam
soiles gave very favourable results (Naghmoush, 13731). The Desert Institute has
been carrying out soil surveys and apolied research work on sandy soils since 1952,
particularly in the field of reclamation and fertility-salinity interaction.

In recent times, the entire sub-region covering Yuwait, Gatar, Saudi Arabia,
Bahrain, United Arab Emirates, Cman, Yemen Arab Fepublic and the Peoples Democratic
Republic of Yemen, where sandy soils occur on an extensive scale, has increased
production of vegetable and fruit crops, especially cantaloups and melons. It is
in these sandy soil areas specifically that the current soll and water management
practices should be subjecied to investigation under the local conditionsa.

DEVELOPING THE AGRICULTURAL POTENTIAL OF SANDY B30IL3

To formulate a sound land and water utilization programme for sandy seils
and to define the extent of their crop growth inhibiting and inducing effecis a
gequence of land and water resource evaluation surveys should be carried ouf on a
suitable scale.

Listed below 1= the sequence of land and water rescurce evaluation surveys,
utilization and development operations which would need to be implemenied to
produce a land evaluation map and report where an assessment is to be made of the
land suitability potentials of the different land mapping units for alternative
land and water use and development sysiems.

iw Furveys

=1 Climate and agrometecorclogy; soils; hydrology and drainage;
soil salinity: gquantity and quality of water scurce; present
land use,

b. S0il and water conservation and management needs of the land
mapping units.

c. Soil reclamation, improvement and management needs of the land
mapping unita.

d. Producticn economic and market analysis.
a. Preparation and publication of the land evaluation map and
report.

ii. Utilization

Land and water use programme formulation and implementation for
goil and water conservation and management in the different land
mapping units, based on the background information detailed in the
land evaluation map and report.

iil, Applied Hesearch and Development

4Applied research and development programme formulation and
implementation on land and water use in representative areas of the
different land mapping units of sandy soils in the agricul tural
development projects sheould comprige three sets of field activities:-

a. Applied reeearch and field experimentation on the factors
of agricultural production in pilot experimental areas.
These factors cover varlants oni-



iv,

- wWindbreak culture practices;
- eropping pattern;
— irrigation practices (Sprinkler, drip, surface systems);

— the use of canal lining and improvement of the water holding
capacity of sandy soils through the addition of organic
manure, artificial organic material Hygromull BASF product,
Agroseal ICI product, Agrofiz (mixture of bentenite and
organic manure) and others; subseil layering, surface
mudding ete.

- upe of fertilisers : NPK and minor elements, placement,
quantity, guality and timing of their application;

- land preparation and cultural practices.

[+ Test/Demonstration field operations on the basic soil and
water conservation and mansgement improvement prectices of
gandy soils both at the farm and state farm levels, whereby
combinations of effective measures are applied on as large
g number of farms as iz feasible. Closge cooperative and
coordinative links should %e maintained between this activity
and that of the applied research Tield experimentation and
pilot development activities through organizing regular Tield
meatings and discussion seseions between the technicians and
the farmers, and definition of the roles of the participants
in the cooperative action programme.

[+
.

Alternative land and water use and development aystems in
pilot agricultural development areas, The focus of attention
in this respect 1is the comparative assessment of the cost/
benefit and input/output factors based on agricultural
production economic ocriteria. In this respect also, close
cocparative and coordinative linke must be maintained between
this form of activity and that of test/demonstration and
applied research and field experimentation through holding
ragular field tours, meetings and discussions to be attended
by all those concerned with these activities.

Training

The major problem of land and water development in the Near
East Fegion is the acute shortege of technically skilled manpower.
It is, therefore, imperative that concurrently with the three
forementioned activities on developing the agricultural potential
of gandy soils in-service training of technical manpower at the
medium and advanced level is initiated. The training programme
must be focusged on providing a background of practical experience
on the relevant facets of =0il and water conservation management
and utilization fisld practices on sandy soils.
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ORGANIC AND INORGANIN PERTILIZATION OF SANDY SOTL:
by

A+ Monem BDalba
Professor of Goill Scienco

Dept, of Boil and Water Scistecses, Uollaeps of Arric. ture
University of Alewsndria, Alexandris, AHD
SREAEY
Sandy s0ils are gensrally poor in plart nutriests =nd the nutrients epplied

te these soils are sublect to loss by the irrigation water. Fertilization of these
20ils is therefore a necessary practice. Hesponae to organic or inorganic
fertilizers is arually obtained.

To decrease the loss of applied nutrients, especi-lly N oy leaching,
geveral practices have been suggested, such as!
1l mixing fine materials, crganic master or farm manure with the scil esurface;
ii. forming layers from different materials at different depths of the soil;

iii. foliar spraying of nutrients;

iv. using capsuled, coated or pelleted fartilizers;
v, controlling the nitrification of applied N fertilizers:
vi. utilizing slow 0 releasing materials.

Experience with these practices has shown the following:

A Wnen phosphorus was diszributed along a sandy soil column 1% cm long,
12.4% of applied P was recovered in the filtrate, In pure sand
columns 98% of applied P was recovered in the filtrate, The yield
from clever and horse beans incrcased wita P fertilization and the
increase was doubled when the seeds were inoculated with spesific
roizobia strains.

b The nitrogen leached from sandy loam soil columns fertilized with
NHf, urea or 0T was in all cases in ke form of HOT.

& Pelleting [NHHﬁESUa decressed its leachability from sand columna.
d. Leaching of ureaform was lower ihan EKEQ}Esmd'
2. In sand pots planted with maize, pelleting (NI or dividing

) 550
its application into 3 portions increased the &ﬁy wéigh: of
plants and the amount of shsoruved N,

T Use of ureaform in the abvove-mentioned pot experiment showed that
the conditions of growth were not guisable Tor the plants.

e Incubation studies showed thet in the case of UF-gand and urea-
sand gystems, the pH increased from 7,3 te 8,1, WOP accumulated
and 20-50% of ¥ was lost in gaseous forms, Applicasion of gypsum
precipitated the 003 thus pH did not incresse and NOZ did not
acgumulate.

hie Response of wheat to urea on sandy soils was lower than to other
N carriers.



The eoconomice of organic fertilization and layer formation should be taken
into consideration.

Hates of feriilizer application for different crops and soils should be
experimentally determined,

4 programme of field investigations is suggested.

2.1  INTRODUCTION

Sandy seile cover vast areas in the Middle East and North Africa regions.
Previous experience withh these secils has shown that their production is low and
expensive, Tnig is attributed mainly tc their low fertility lovel as well as to
the loss of water and applied nutrientis by leaching.

Attempts to improve their production and decrease expenses wWere made by:
i. selecting varietios of cropsmost sultable for these soils;
ii. congerving water by minimizing ite loss;

iii. improving their fertility status and minimizing losses of applied
fertilizers;

iwv, zrowing high priced kinds of crops.

Parming practices in sandy soils have made considerable progress in the
laet few years, particularly in the avove four fields. In this report are
presented the probleme related to soil fertility and methods of orgmnic and
inorganic fertilization of these soils.

de2  FERTILITY PROELIMS OF SANDY 30ILS

The line fraction of soils is the natural source of nutrients to the plants.
Seile containing high percentages of this fraction are generally rich in nutrient
elements and retain them when they are applied. The main constituent of sandy
soils is the sand fraction and this does not supply any nutrient to the growing
plants. Accordingly the fertility level of sandy soils is controlled by their clay
and organic matter conteni. Nutrients applied to raise their low fertility level
remain in solution, subject to loss by leaching. The portion of nutrients which
miznt be relained by the soil is controlled by the amount of the soil fine fraction,

Alscy because sand is the major constituent of these soils, their water
retention is low. The applied water moves downward easily and the socil needs
frequent irrigation at short intervals. Such conditions aggravate the loss of
nutrients via the water,

2,2.1 Phosphorus

Uncultivated sandy soils are generally poor in P, having 300-500 ppm total P
and 3-5 ppn P extracted by the YNalCO3 methed. In the Nile alluvial soils these
values are about 1 000 and 12-15 ppm respectively. Good soil management which
leads to an inorease in the fine fraction and the application of organioc manures



would tend to increase the phosphorus content and, consaguently, the soil fertility.

The logs of fertilizer P by leaching is not a problem in nosl soils.
Phogphorua is usually immohilized upon incorpeoration in the =o01il, bul vecause of
the low content of clay and corganio fracticns in the sandy scilsy, a limited
movement takes place of applied phosphate fertilizers by convecticon with
irrigation water., Early work by the writer (Jalba, 193') showed that phosphorus
applied to & column 1% cm long of El Fthanka sandy secil was distributed along ike
20il oolumn and the filtrate contained 3,16 mg Fy, conatituting 12.4% of zhe
added amounts The filtrates of ocolumns of a clay loam soil [ertilized with 2
did not contain any eignificant amount of F above the coniteni of filtrateas of
unfertilized columng. Actually, all added P was recoverad in the Tirst 2.5 on
of the latter columns.

Obvicusly, the immobilization of P at the soil column surlace increases
with the increase in the fine secil fraction. Thus one erpecis the & o mowve wilh
water when this fraction diminizhes, az in the case of soue sandy soils. In
columns of pure sand, the reccvered F in the filtrates reached 93. of the added
amount {Balba, 1551).

Inder field conditions applied phosphatic feriilizers are hetter digtributed
in the root zone and the plants have a greater chance to absorb their need of
this element. Dxperiments carried cut on P fertilization in sandy soils shoved
srop response to incremants of Pe Famdi et al. (1956) showed that s significant
ircrease in the weight of clover outtings and in horse beans occurred with P
application (500 kg superphnsphatafhaj in South Tahreer arsa, They also showed
that this inerease Was doubled when the seeds of clover and beans were incculated
with specifio strains of rhizobia, Turther work on this point is still needed
to evaluate relationships between P and micronutrients as well as the most
eoonomical rate of P application to each crop in different locations.

2e2e2 Potassium

The situation of potassium in sandy acile is similar %o tha:t of phosphorus.
These solls contain about 5.0 meq/100 & of fotal ¥ and about 0.25 meg/100 g
exchangeabla potassium, The lMile alluvial scils contain about 10-15 and 1-=2.5
maqf1ﬂﬂ g of the two forms of K, respectively.

The problem of losing applied potassium fertilizers by leaching with
irrigation water is not sericus in sandy secils, Added K is usually held in an
exphangeable form on the surface of the fine seil fraction. Although the cation
exchange capacity of the sandy soils is usually of the order of 5-10 meq/100 g,
yet applied potassium consgtituses a very small fraction of this capacity and can
be retained by the soil, I[lowewver, as stated above, in the caee of scoils very
poor in the fine fraction, leaching of applied K may take place.

Application of potassium to sandy soils is recommended especially for
vegetable crope and orchards.

2.243 Hitrogen

The prevailing c¢limate of the Middle Tast region is characterized by a long,
warm summer and low precipitaticn. Soeils under such climatic conditions contain
a low organio fraction., The uncultivated sandy soils contain as litile as
0.008-0,015% organic matter; therefore, their total ¥ content is also low,
0.0015-0,002%. In addition to their low content of ¥, the leachability of o
fertilizers in these soils constitutes a major nutriticnal problem,



2.2.4

2.3.

2.3.1

Witrogen fertilizers are mostly in the forms of HHE. N03 or urea. The
nitrates are not retained by tEu g0il colloids. The ammonium is transformed to
N¥C3i. Urea is hydrolized to NHy and consequenily nitrified,

i. Bizzell (1926}, Benason and Barnette (1939) and Balba et _al. (1969) reported
that NOy — ¥ is the form which moves most readily with water. In the latter
work the leached d from moil columns fertilized with NHE or urea was in the
form of Hﬂg.

ii. Aroadbent and Tayler (1%58) showed that urea moved less rapidly than nitrate.
The results of Balba &t al showed that 14, 7.5 or 67% of applied N as
{th]zsﬂq. urea or Cﬂtxﬂ3521 respectively, was accounted for in the filtrates.

11i. Cooke and Cunningham (7957) and 3alba et al. (1969) reported that migration
of soluble substancaes with water depends also on the water-holding capacity
of the =soil.

Micronutrients

Sandy soils are poor in the micronutrienta. Iron, manganese and zine
deficiencies are noticeable on citrus trees grown on such soils. TFoliar
spraying with these slenents and othersis recommended.

IMPROVED FZETILIZATION PRACTICES

Farmers of sandy soils are aware of their problems on the whole and they try
to improve the soil fertility as well as the ability to retain applied nutrients.
Their efforts were mainly f'ertilization by organlc manures and application of
clay but recently, several other means have bean auggested,

Organic Fertilization

The logs of nutrients in organic manures by leaching is slow because of their
inscluble nature. Hence they remain in the soil within the reach of the plant
root systems for a longer pericd than the inorganic fertilizers.

In a pot experizent using the sandy so0il of South Tahreer, Ahmad (1967)
showad that the dry welight of maize and barley increased by application of 130 g
manure/pot (37 tons/ha). The former increased from 88.7 to 132.3 g/pot and the
latter from 35.5 to 62.4 g/pot. He also showed that the nitrogen absorbed by
maize plants increased from 1.23 to 3.15 g/pot. In a field experiment, Makled
(1967) showed that fertilization with farmyard manure on the soil surface
increased the yield of alfalfa 163% above the control.

In lysimeters and field studies, Mahmoud et al. [1968) obtained resulta
showing that additioen of winter ¢r summer green manures or compost to the sandy
o1l of 3outh Takreer in equal guantities, had increased the soil organic matter,
total nitrogen and soil microbial flera. They also showed that in addition to
chemical fertilizers, application of clover or groundnut green manure or an
equal amount of compost had significantly increased sesame and maize yields above
the control ireatment with chemical fertilizers alone,



2.3.2 Application of Amendments

Fine particles, such as hile mud, are directly or indirectly applied to the
soll with irrigation water, organic manures and couposts or in a dry form . “This
practice is widely known and applied by “ayptian farmers in sandy s0il regions.

Although applicatiorn of organic matter to the sandy soils has the same
effect as application of Nile mud, usually organic matter is decomposed and Las
to be added frequently., Ahmad (1387) showed that mixing 1 100 gz pot of Nile silt
or 130 g/pot of wheat straw with the surface 15 ¢z of the mandy soil in a pot
experiment increased the dry weight of maize nlasts Trom 88.7 to 150.& »/pot and
of barley plants from 38.5 to 62.1 yx/pot respectively.

These practices are mainly for iwproving the paysical nruvoerties of sandy
soils. They are related to fertilization because they decreasc the loss of
applied nutrients. Their costs are too high tc be considered as ferti.ization
cost, Mahmoud et al. (1968) reported that the cost of cne month old clover green
manure was Egyptian pounds ( B} 35/ha, 50 tons of Nile mud/ha was €15, 25 tons
of mud + 25 tons of compost was =32 and 35 tons/ha of compost was i35,

Organic matter is applied btelow the svoil surface at different depths;
thie layer is not easily decomposed and remains forming a relatively less
permeable layer for about 10 years as reported by Zgerszegi (1964). The layer
decreases the water movement downwards. Other materials were asleo suggested for
forming layers under the soil surface at a depth of SC-100 cm. Zgerszegi (1964)
placed one or more layers in the soil at least 1 om thick, at depths from 38 te
75 cm, coneisting of manure or composet.

Makled {1967) working on South Tahreer soil experimented with:

i. barriers of clay layers at 50, €0 and 70 ca deep;
ii. farmyard manure layers at 50, 60 and 7O ca deep;

iii. a perforated 3 mm thick asphalt layer at a depth of 60 ca + farmyard
manure mixed with the =soil just above that layer:

iv. a 3 mm thick asphalt layer over a layer of cement bag paper at a
depth of 60 em + farmyard manure mixed with the soil just above
that layer;

v. a perforated 3} mm thick aspnalt layar and linen at a depth of
60 om + farmyard manure mixed with the eoil just above that
layer;

vi. a perforated nylo~ laver at a depth of 60 em + farmyard manure
mixed with the soil jist abtove thnat layer.

He reported an increase in the yield frov all treatuents when compared with the
contrel varying from 116 to 2904.

Also, Zein El Abdine et al. (1967) showed that the highest yields were
obtained when an impervious layer was made of melted asphalt sprayed over canvas
and then, in descending order, from asphalt alone, asphalt sprayed over plastic
sheet and asphalt sprayed over parchment paper. They stated that the cost of the
materials, their resistance to decomposition and cost of application are factors to
be considered. Parks et al. (1970) used a plastic barrier under the nitrate band;
they found that the N upteke indicated that placing the plastic barrier under the
fertilicer band did not increase the plant recovery of N,
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011 Moisture Control

Fertilizer efficiency can be improved when an adequate molsture supply is
assured, Sandy scils, being susceptible to high evaporation, need special practices
to preserve their moisture supply and to make full use of fertilizers applied, for
example, by mulching, covering the soil surface with crganic matter, paper,
oolyethylene and asphalt. In this regard, Black and Greb (1962) stated that a
partial or complete plastic cover reduced evaporation of secil moisture and increased
plant water-use efficiencies when compared with bare soil. Also a significant
increasa took place of nitrate accumulatiorn in the soll covered with the plastic
maleh. Similar conclusions were drawn by Clarkson and Frazier (1957} and Bennet
et al. (1966).

CONTROL OF NUTHRIENT LCSSES

Foliar Sprays

To avoid the loss of nutrients added to sandy soils by leaching, they can be
sprayed on plant leaves. 3Several investigators have shown that nutrients sprayed
on the leaves have the same efficiency as those added to the =scil in heavy soils.
In sandy soils spraying fertilirers has given better results.

Witters et sl. (1963) reported that foliar feeding was most successful on
erTops wnen soil fertilizatjon had not provided the necessary control of N uptake,
or on crops that were regularly sprayed with micronutrients, insecticides or
fungicides. Urea sprays are used on many vegetable crops. The amount of N
applied is often in the range of only 10 to 20 kg/ha per application. Foliar
feeding of field crops like wheat and maize is aleo possible, Frank and Viets
(1965) reported that urea was most effective because of its rapid penetration
into leaves, half of an application penetrating the leaf in 1 to & hours.

Slow Helease Forms

Attempts to decrease the loss of nitrogen fertilizers in the water were
directed toward methods to decrease thne contact between the fertilizer material
and the water by coating with reains or wax or producing the fertilizers in
packets or capsules. Skogley and King (1968) compared prilled urea 25%
nitrogen, process tankage 7% nitrogen and urea formaldehyde 389 nitrogen in the
fertilization of turfgrass over a ?-year period with prilled urea with a petroleum-
baged coating (material 14275 supplied by Nitrogen Divieion, Allied Chemical
Corporation, 39% N) and two products supplied by the Sun 0il Company, one product
named "Standard" ¥-419-47 containing 274 N, the second product named "High Melt"
¥-419-68 containing 27% N. They found that significant differences occcurred
among materials in general, at all rates. The best guality turf resulted from
the application of "High HMelt" X-419-68 paraffin wax product. The coated urea
14275 and the "Standard" X-419-47 paraffin wax urea were generally slightly
poorer in performance.

Oertli and Lunt (1962) studied the factors influencing the rate of release
from controlled-releage fertilizers by incapsulating membranes. They found that
the relesase rate was largely indnpsndant ag the pH of the element or the soil pH.
An increase in temperature from 10°C to 20 0 almost doubled the initial release
rate, The release could be regulated very efficiently through the coating
thickness. There was an effect of ionic species, nitrate and ammonia being given
off more rapidly than potassium or phosphate. Their experiments demonstrated that
inorganic fertilizers, which in aguecus sclutions would be rapidly scluble, are
raleased glowly after coating. OGradual microbiological breakdown of the coating
material can almost certainly be eliminated as a mechaniem for the release of the



nutrients. A working hypothesis of diffusicn as a possikle mechaniam has teen
further supported. As a first step, water would diffuse through the noeasing into
the granules and dissolve some of the salts, 2 corcentration sradticnt would then

be established betwean the intarnal and extermal sclutisns ari rforo water wouod
tend to enter the granules while salts would ftend to move cutward. Ddring a4 three-
month growing period, an efficiency uf recovery rangiag from about 25 to 450 by
maize was obtained from a single applicaticon irnzorporated in the sand of coated
ammonium nitrate.

Attoe et al. {1979\ gtudied tne fertilizer release Yrom packenls and its
effect on tree growth. He found that tne lengt. of time rejiired %0 raleage tne
fertilizer was directly related to the gire of ine packat snd leversaely related

to the number of pin heles. The more soluble Tertilizer covstitii-nis wers
raleagsed fagter than the leess scluble Znes.

Capguling provided a posgitive method for sontrollicg the rate of releass
of the fertilizer constituents for Loth malze and grass,

Ahmad and Whiteman (?9&9} used two eleow release pellieted ¥ fertilizars
manufactured by Essc Engineering and Research Ltd., kﬂwwn a8 RAT R332 (T?.F{ iy
21 days to release 75% of its N and SAB 3033 (18,04 H, €1 days to release 704
of its N) compared with (Wilad 30 as a gource of rnitrogen far the rice variety
Bluebelle in Trinidad. The slow relszase materialszs wers buried 5 om in the soil
after transplanting, while the [Hﬂ,:?jﬁ_ wWas applled and worked lntoe the soil
Juet oefore transplan;ing. TAD 3011 redulted in a yieid of 2 G20 kpfﬁa, EA% Erak el
produced 2 060 kg/ha and (WF,),50, 1 195 zg/ha., Flauts treated with (NE 239,
had absorbed all their H Wﬂeﬁ %P ﬁ ngd reacnad only 509 of their Tinal drﬁ
weight. At the same stage, plants treated witn slow relesge materials had
absorbed only half of their final ¥ content and they continued to absorbh N until
a much later stage in growth.

Balba and Sheta (1973} formed cellets of (M JJHV 4 sypsum neated at TUUC
for 24 hours. They compared the learhaL1L1ty of t¥eSe pellets with (NT:}PSOd and
(mE,) SG +ogypaun in sand columnsz. Toe ccluwnns were watered 9 times and =ach
timﬁ &muunt equal to¢ the maximum water-holding capacity was added. EBach
filtrate was collected separately. They showed (Fig.1) that the pelle:s
diessolved graduaily, wnile almost all the N of the added WH] was collected in
the fourth filtrate and the pelliets yielded about 255 of their N, After 9
watarings, the gand column still retained about fE? af the added N as pelleta.

In gand pote they compared the lemcheblliity and W uptake by maize of

{FH4j2504 (A43) added as in the following treatments:
A AS in single applicaticr after shinring;
[ 43 divided ints 2 porticns: /4 after thinning, L 10 days after
the first portion and the rest 10 days after the second application;
O AS + egual weight of Fypeoun;
d. Pellets of AS + egqual amo.unt af gycsun formed as above;
e, The game as 'd' but ground scn used as powider;
f. Control.

They stated that differences in 19a0ha“1,_tf of A% treatments greatly
affected plant growih and N absorption {(Pigs. 2 and 3}. The maize plants
utilized more W from AS—gypesum pellets and A3 applied in 3 portions Qirea*ment u.}
than from other AS treatments, The superioricty of treatment d, was mainly due 1o
pelleting and not due to the presence of gypsum aince ftreatments o. and e. gave lower
plant weighte and N absorption. Pelleting decreased ihe contact between the
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fertilizer and water. Thus N releape slowed down and coneeguently waz leps leachned,
giving the plants a better chance to aosorb their requirement of 1.

Contreol of Hitrafication

Sontrolling the nitrification of fertilizers resulty in a rdecrease of the
ritrate nitropen which constitutes the major part af the leached N compounde.

Swazey and Turner {1962) used 2—chioro-f-(tri chlorcmetsyllpyridine for the
control of nitrification of ammonium and urea, They reportad shat nigher growtn
and yiald increases wers obtsined for cotton, maize and sugarbeets with the treated
fertilizars tnan from equal rates of untreated fertilizers. Foermulation of
2—enloro-G-{trickloromethyl)pyridine wit: commercial grade ammonium sulphate and
urea was preparad by dissclving the chemical in a veolatile pelvent and spraying
this solution an to the Tertilizer while it was being stirred, 1= was then tumbled
until all the =olvent had evaporated. The fertilizer was added in banda half an
inch wide and S to 7 inchee deep close to bhe plant bed. With anhydrous ammonia
a8 8 solution 2—chloro-f=(irichlorometoyl)pyridine wan also used.

foring (1962) studied the basic biclogical activity of 2-chloro-6-(trichliore-
methyl) pyridine in soils, The results showsd that it is highly toxic to the
organisme monverting ammonium to nitrate, and Mae 8 low order of toxicity to:

i. CTgANiems oT anzyines converting urea to ammonium;

ii. organisme converting nitrite to nitrate;

iii, general fungus and bacterial populations;

iv. geedlings of many plantas,
e minimum concentration ir seil required to delay the conversion of ammorium to
nitrite for at lesst & weexs ranged from as low as 0.75 opm to as high as 20 ppm.
Ineremsing concentraticns delayed conversion for longer periods of tim&. Joring
also reported that similar controlled nitrificatior of (¥H,} 50

{0 ~HP0, and urea was obtained in broadcast and band npp%lcat%cﬂs, exéept
wha& Iaacﬁing conditions occurred immediately atter fertilizer apolication.

Oentrol of Availability of Xitrogen Fertilizers

Congiderable attentior has been glven to the develcopment of nitrogen
fartilizers with controlled availability, @eCcause they should supply nitrogen
continuously over an extended period, thus avoidinge the need for repeated
applications of conventional water-soluble fertilizers. They also promise to
minimize over-consanption of N and upset of nutrient balance, as well as 1o raduce
M losges by leaching, to decrease gasscus Lo0sses of N and to reduce the hazard of
injury from over-application, particularly tc seedlings.

In the late 193 a fertilirzer ammoriating eclution wag develcoped whiah
waa capable of producing a slowly aveilavle or water-inpcluble urea formaldahyde
type of nitrogen praoduct. 'The walue of trls miowly available nitrogen as a
useful source of nitrogen was demonstirated in the early 1940s (Sauchelli, 1960},
Yee and Love (1347} reported that s solid, water-inscluble nitrogen product having
a well defined, controiled availability could te made {rom the reaction of urea with
formaldehyde, Additional information on the urea formaldehyde reaction was reported
by the U.5. Department o7 Agriculture in 1948. At that time, the zeneric rame
"Uraaform” (UF) was propoased for this type of urea formaldenyde product. The
Asaogliation of American Fertiliger Control Officials sdopted the following az a
definition of the ureaform fertilizer: "urea formaldenyde fertilizer materials



are reaction products of urea and formaldehyde containing at least 15% nitrogen,

larsmely in ingoiuble but slowly avairlable form, The water-insoluble nitrogen in

these sroducts shall not iest less than 405 active by the nitrogen activity index
for urea formaldehyde compounds as determined by ihe appropriate ACAT method",

Tn 1955 ureaform became commeraially available to the speciality fertilizer
markat. Since that time it fas found growing use in the iurf and ornamental
markets (Sauchelldi, 19607,

Armiger et al. (1531} compared ureaform with standard sources of X in green-
house e¥periments using estavlished perennial ryegrase on Zvesbaro loamy sand scil
as an indicater erep over a growth pericd of 239 days. They reported that the
gverall efficiency of properly formulated areaform materials eguals or exceeds tnat
of conventional nitroegen fertilizers in respect to long season crops sush as turf.
Taey also demcnatrated that a single application of ureaform may be mads at higher
N levels than would be fe?ginla with more soluble N sources. Brown and Volk [1966)
evaluated ureaform using '2N¥-labelled materials in sandy soils. Trey reported that
a greater proportion of labelled ammonium nitrate =i was recovered in the plants
than labelled ureaform-N. However, more labelled N was found in the soil after one
year when ureaform was the source,

Several other N-carriers are produced to merve as alowly available N sources
to planta. dAmon g these are: coated urea 6. Of Nythiourea (NH,OSNE.) 36.0% &,
hexamine (C H, 1 4C.6% N, oxamide | '“DCU?H 31,87 §, glyceluril {udieuﬁ 21
19.4% N and DIld zad N-enriched coal 25 1% N,

Beatan et al. (1947) showed that apparent recovery of ¥ from various sources
decreased in the following order: coated urea {759 =ammonium nitrate {74351
thiourea (69%)» oxamide-fine (O6%%)> urea plus thicurea (630> hexamine (535>
glycoluril (49%)> urea formaldehyde (41%)> ammonium salt of oxidized nitrogen-
enriched coal (39%). Mare N was recovered from asmonium niirate in the First
narvest than from any other fertiiizer. However, apparent recovery of N from urea
plus thicurea Was as high as for ammonium nitrate. The lowest apparent recoveries
were obtained with glyeoluril and urea formaldenyde. Tre only sources from which
I was recovered in the fourth harvest were urea formaldehyde, thiourea, coated urea,
glycoluril and fine ovamida. %Hith the Tifth harvest only three soureces, ureaform,
thicurea and coated urea, were still supplying nitrogen to a crop of orchard grasa.
This number was reduced to anly two, ureaform and coited urea, in the sixih harvest.
A amall amount of nitrogen was recovered from thiourea in the meventh harvest.

Ureaform "UF" is manufactured in Egypt for industrial purposes. The material
used by Balba and 5heta {1973) was obtained from the Nile Company for Matches at
Alexandria, It contained 35.%5 total nitrogen, 14.6% cold water inecluble
nitrogen, §.4% hot water irsoluble nitrogen. Its activity index was 42.4 (Sauchelli,
1960 .

Jalba and Sheta included UF in the leachability studies deseribed above and
showed that only about half of the added H was recovered in 9 filtrates (Fig.1).
Increments of N as UF were applied to sand pots planted io maize in a single
addition after thinning. The results showed that the absorbed ¥ by the maize
plants significantly increased with the firet application, but t{ended to decrease
with further application. in the course of the experiment, the plants showed an
unhealthy yellow colour. The percent utilirzation of UF-KN waa 32.9 and decreased
with further application to about 5. The N in the leachates accounted for about
154 of the applied amounts, (Fig. 4).
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The amount of N which remained in the sand after cropping was about 50% of the
added ¥, (Fig. 5). Calculation of the N balance sheet indicated that about 9% of
added I was lost in gaseous form at the first rate of application and this increased
to 30% with further application.

These results indicated that growth conditions in the presence of UF were not
suitable for maize. To understand better these conditions, UF, urea (U} and AS ware
incubated with sand or wiih secil. The results of the incubation were as follows:

i. The pH af the sand=UPF and sand-U mixtures tended to increase, while that
of AS-sand tended to decrease, (Fig. 6)

ii. The ¥0z - N in the case of UF- and U-sand systems accounted for about 108
of the added N, while only traces of KOz were present in the case of AS,
(Fiz. 7).

On tnoe other hand, less than 10¥ of N added as UF or U was present as HGE.
The corresponding value of 50; = N in the case of AS was about 20%.

iii. The H lost in gasecus forms, when calculated as percent of the mineralized
portion of N in the case of UF or i1, was much greater than the corresponding
value in the case of 45, (Fig. 8).

Balba and Sheta (1973) related the accumulation of toxic WDE and consequently
the gaseous loss of N due to its presence, as due to the riase of pH as a result of
(NH,).CO, formed during the hydrolysis of UF or U, To test this assumption, gypsum
waadnﬁdes to a set of incubation flasks. The hypothesis was that gypsum will react
with (NH }EGD forming {NdeESO and CaC0,. The resultes showed that accumulation
of NOJ ofd loés of N decreased ﬂith incregents of gypsum, which is an indication of
the validity of the assumption.

Incubation of UF, U or AS with so0il was carried out;+ The loamy soil used
contained =oluble and exchangeable Ta. The presence of Ca  nad resulted in lower
pH values, less NOJ accumulation and lower loss of N in gaseous forms., Halba and
Sheta coneluded that on fertilization sandy soile, poor in Ca, with UF aor U,
might respond adversely, and gypsum application might be recommendable instead.

In a pot experiment, the writer (1973) found that at maturity the weignt of
wheat plants grown on clay loam soil and Fertilized with Ca (NO ]2, 4% or U was not
gignificantly different. On the other hand, the weight of plan%s grown on sandy
soil fertilized with urea was less than for those fertilized with Ca(NO ]E or A3.
Again the same trend was manifested in a Tield experiment at South Tahrger (Fig. 9.
Pertilization with U resulted in significantly lower yields than those obtained by
application of the same amounis of N as AS, HE£N03 or Ga[ﬂﬂalz, {Balba, 19713).

RATES OF #ERTILIZER APPLICATION

Fertilizers are applied at the rates which give the highest rTeturn per unit
area, or, under certain conditions, per monetary unit (pound, dinar, etc.) spent on
fertilizers. GSeveral agronomic and economic factors are involved in determining
this rate. Balba and Abd El Sawad (1973) showed that the rate of nitrogen
application to wheat which gave maximum return per feddan (4 200 m2) at South Tahreer
was 50 kg N (nut Aas urea}. Fxperiments with N, P and K Tertilizers are needed to

calculate the rates of application of the 3 nutrients together.
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COHGLUSIONS

The main fertilivy problem of sandy soils is that they are poor in nutrients,
Alac, any applied nutrients are subjezt to loss with the irrigation water.

Fartilization of 4hese soils is an essential practice for economical Tarning.
dpplicstion of organic manuares can supply them with all the necessary nutrients in
slowly available forms, However, this prastice iz better suited to farmers with
small neldings. In large projests crganic fertilization might not be feasihle ar
siltable, unleszs a nearoy Farw is speclalized in animal production and could provide
tre organic matter.  Mahmoud et al. =staied that green manuring was not economical
1n Seuth Tahreer Provinge,

Inorganic fertilivation is the main practice by which the correct amount of
nutrients regyuired oy plants to give high yields can be supplied., Holubnle
fertilizers sheould e asplied 1n a manner which would decreasze their loss in
irrizaticn water, Toliar soraying might be a promising method. #&lso, capsuled,
pelleted or 2eatsd fertilizers proved succeszful. Wiaen the prastice of layering
Wwith crganie matter, aspaalt, elay, ete. is adopted, the economice of the process
should be evanined, Ziudies of each alowly soluble anitrogen material are necessary
to understand thelr srerslfcrmations unner the specific conditions of the =soil <o be
fertilized, The samne wizgnt be required Tar caterials szad fForp cuntrolling
nitrificatian,

Fates of fertilizer applicai.cr depend on zeversl factors such as soil
Fertility, kind and variety of plant and method of appiication,

¥icronubrients are neot available i sufficient Jquantity for satisfactory
praduction and have to oe applied, Foliar soraying is a common practice fop their
applicaticn,

SUGGESTTN RRIZARIH  FROGRAMME

Thne fertility problems of zandy soils in ihe ¥iddle Tast are Falning
imporiance hecause the zoilw of zevaral land reclamation and development projects
are sandy. DL thersfcre ceems a2 most apposite time to recommend that a research
programme bhe asrrisd ocut,

dagic Hesearch

A part of this programme might be directed foward a better undarstanding of
the thecretical bases of the problems. In this regard the following points deserve
Further investigation:

i Mavement of nutrients

B The movement of nutrisnts in the soil by diffusior or by convection
and the fTasctors which affect the iwo processes,

b, The mathematical relationships which express the novement of smoluble
and exchanzeable forma of nutrients by esach process.

T Tae role of each process, diffusion or convection, in gupplying the
plants with nutrients.



ii, Studies of reactions and treansformations of different fertilizers applied
to different soils

a. Soluble N fertilizers: capsuled, pelleted, coated or with
nitrification inhibitors.

b. Different slow N releasing materials,

-] P and K fertilizers and micronutrients.

2.7.2 Applied Research

The other part of the research programme should be directed to selecting the
most suitable and economical practices for the fortility managesent of these soils.
The following phases need further investigation under the loeal conditions in each

area:
i. Reclamation practices and their impact on fertilizaticn
The technology of improving chemical and physical properties of the

s0il has made sigaificant orogress. Materisls to slow the water movernent
and machines to use in s=stablishing layers of differe : kinds and at
different depths have been introduced, Uowever, coapsrisaon between the
materials, the machines and tne effectivensss of the practices under field
conditions is needed, The economics of trhese practices must alseo be taken
inte consideration,

ii. Foliar spraying of fertilizers and micronutrients

Thie practice is gaining much popularity among farmers. Aeroplanes
are used in the process for the vaster areas. GStudies concerning several
points of interest are needed, for example:

a. Suitable concentrations of the nutrients; the lower the concentration
the larger is the volume or the solution to be sprayed and the higher
are the costs of the process, especially when carried out by asroplane.
On the cother hand, high concentrations might injure the plants.

b. The number of sprays.

[ The stage of plant growth most suitable for spraying.

d. Tne efficizncy of machines involved in the process.

e, The feasibility of mixing the fertilizers and various pesticides.
f. Response of different plants to different fertilization treatments.
- The feasibility of spraying nutrients incorporated in sprinkling

irrigation systems.

h. The economics of the procecs coimpared with application of
fertilizers to the soil.

iii. Comparison of different metheds of inorganic fertilization

a. Foliar spraying

b, Broadeasting

c. In Hills

d. In irrigation water

e. Spraying sclutiona on the soil surface

f. Injection under the soil surface



The response of different crops as well as the economica of each
method should be considered. Time and rate of application moast suitabla
for each method must also be investigated,

iv. Mixed and compound fertilizers versus simple fertilisers

Comparison between the response of plants and the economics of the
two methods,

V. Developing a suitable system for soil testing and fertiliesation
recommendations
vi. Interaction between fertilimation and different irrigation regimes

Multivariant experiments containing factors selected from the above-
mentioned problems could be carried out. To achieve these objeotives, it is
recommended thai representative pilct experimental areas be established on
reclamation and development projects. A master plan for the field experimental
programme could be formulated and applied throughout the region, thus ensuring
comparability.
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PHYSICAL PROPERTIES OF SANDY 30ILS IN RELATION TO CROPPING AND
SOIL CONSERVATION FPRACTICES

by

Fathy I. Massoud
Technical Officer (Soil Reclamation and Development)
S0il Resources Development and Conservation Service
Land and Water Development Division

SUMMARY

The purpose of this paper is to outline the basic physical properties of sandy
goils and to present some of the recent techniques which could be applied to improve
or be adapted to suit these properties for better ercpping and utilization.

Sandy soils with sand and loamy sand texture deserve special considerations
gince they have a larger percentage of sand fractions that adversely affest their
agricultural potentimlities. Sands being noncoherent and structureless are erodible.
Although they have a high specific gravity and low total porosity, their pores are
large and contribute to good aeration, rapid drainage and low water holding capacity.
The low specific surface area of sands is a main factor affecting their low surface
activity and explains dissimilarities from clays in their physical behaviour. Sandy
solls are often described as droughty. Their low available water range, high
infiltration rate and rapid redistribution affect their irrigation practices and
agricultural potentialities. The water transmitting properties of =ands encourage
upward water movement when they are wet and discourage it when they are dry.

For efficient utiligation and better cropping of sandy socils one has to
overcome their physical disadvantage and to retain their advantage. Of the techniques
whioch could be applied to increase water and nutrient storage placing of asphalt or
organic manure barriers and surface mulching are considered. Theoretical aspects,
experimental procedures and results have been given to show the effectiveness of
these technigques.

With an asphalt barrier, a sandy soil could provide 200% more water to plants
than a barrierless one. Increased yields and water savings have been reported for
a wide variety of crops including rice. Asphalt barriers permit an increase in the
afficiency of furrow and flocd irrigations on sandy soils and as to their economy,
they are sconomically feasible.

Surface application of organic manures to sandy soils has a short duration
effect, incorporation deeper in the soil has a better effect and placing a carpet-
like layer of not leass than one centimetre thick has proved to be superior.
Improvement of water storage, biological activity, nutrient status and an increase
in yields, especially when more than one layer is placed in the soil, are cited.

Improvemant of water storage by reducing evaporation losses can be achieved
through the use of surface mulch. Tillage, placement of a gravel layer and surface
application of erop residue have been discussed. For tillage to be really effective,
it has to be done at the earliest possible time after irrigation or rainfall when
the evaporation rate is still high. Gravel layers on the soil surface or at 5 em
below are more effective in reducing cumulative water losses by evaporation than
those at deeper depths. This technique ie more suited to areas cultivated with
trees and where minimum disturbance of the scil ie necessary. Crop residues
maintained or spread over the surface not only reduce evaporation losses and
decreass the range between maximum and minimum soil temperature but alsoc reduce
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wind srosion. The roughness of the ¢rop residue and the area it covers of the moil
surface are important factors in this technigusa.

The susceptibility of sands to erosion is related to their large size Traction,
cohesionless nature and instability of the elods. Adaptation of certain cropping
menagzemant practices can reduce the hazards of ercesion from agricultural =mandy =oils.
Minimum tillage, maintenance of a cover crop, strip cropping, crop rotations, control
af grazing and establishment of shelter belts and windbreaks are discussed as
protective measures. Control of sand dune encroachments by stabilizaticn with the
conventional dry wvegetation method and the recent techniques of spraying asphalt and
gynthetio materiale are also presented.

INTRODUCTION

Sandy =oils are of widespread occurrence in the Hear Tast and North Africa
regions (Kadry, 1973) as well as in other arid and semi-arid reglons of the world.
GConsidering that one seventh of the earth'e surface is covered by deserts
distributed among all the continents and that sandy soila and sand dunes make up
the bulk of this area, one realizes the extent of the natural soil resocurces that
can hardly be utilized. It is only the part, roughly estimated as 35 million ha,
straddiing or adjacent to the interface hetween desert and arable land, that is of
immediate concern to agrioultural development. At this interface there is a
struggle between nature and man where the latter ie trying to check dezert
encroachment by stabllization and afforestation of sand dunes and to reclaim and
manage sandy soils for better utilisation.

The nature and properties of sandy scils are known in general but there is a
nead for more knowledge of the techniques which could be applied to improve or be
adapted to suit these properties. It is the purpose of this paper to outline the
basie physical properties of sandy soils and fto present some of the recent work
carried out to lmprove and adapt the physical propariies of these soils to ohtain
better oropping and more effective conservation practices.

BASIC PHYSICAL PROPERTIES OF SANDY S0ILS

Texture and Structure

Sandy soils are referred to in general terms as ¢oarse textured goils., Their
basic scoll textural class names are pands and loamy sands wnich can be modified
according to the size group of the sand Traction. The definition of these basic
goll texture class names as glven in the publications by the Canada VNepartment of
Agriculture {1972), the Soil Science Society of America (1971) and USZA (1960) is:

Sand: 30il material containing 85% or more sand; the percentage of
gilt plu= 1.5 times the percentage of clay not exceeding 15.

Loamy sand: 3Soil material containing at the upper limit 85 to 50¢ sand, and the
percentagze of eilt plus 1.5 rimes the percentage of clay not less
than 155 at tha lower limit econtaining not leas then 70 4o 9'—':,':5; sand

and the percentage of sil% plus twice the percentage of clay not
exceeding 0.



3.2.2

342,13

3.2.4

Apart from these two basic textural classes, the word 'szndy' may be applied
to any one of the soil classes that contain a large percentages of sand, i.e. sandy
clayd, 45, sandy clay loam » 45 and sandy loamy, {43-52). It should be made clear
that throughout this paper more attention is given to those soils with sand and
loamy sand textures since they have a larger percentage of sand fractions that
adversely affect their agricultural potentialities.

Moet of the soil separates of the sands and leoamy sands are noncoherent and
ramain as single grains, especially in the absence of organic matter or octher
binding compoundg. The grade of their structure is thus termed "structurelesas”.
The sandy soils are non sticky, ncn plastliec when wet and hawve loose consistency
when dry.

Apparent Specifie Gravity and Porosity

The high apparent specific gravity of these soils (1.55-1.80) is reflected
in their low total porosity (32-42%) which is less than that of finer textured soils,
(Israelson and Hansen, 1962). The relative distribution of the pore sizes, which
ig more important than the total porosity, shows that sands have a large number
of large pores which are responsible for good aeramtion, rapid drainage and a low
moleture-nolding capacity. The deposition of sand grains affects their pore size
distributinrn; those deposited in a loose state have a higher proportion of large
pores than those deposited in a dense state.

Upon deformation, loosge sand decreases in volume due to sliding or rolling
down into a dense state while dense sand increases its volume. These changes in
volume accompanying deformation have a marked effect upon the stability of
cohesionless materials. Fine sand in a loose state and saturated is a very unstable
material, especially in embankments, Static loads on sandy soils produce very littl
compaction, e.g. the goil load over a tile drain, but they could be compacted by
vibration.

Specific Burface Area

Sandy soils are characterized by their very low specific surface area.
Knowing that the ratic between a given weight or volume of very fine sand (1004,
silt (204), clay(24 and colloidal elay (100me) is 1 : 5 : SO : 1000, respectively,
one realizes how the low specifiec surface of the coarse separates, especially if the
are quartz or unweathered primary minerale, affects the surface activity of the
gandy soilas, The large differences between the specific surface area in clay and
sandy soils should permit & clearer understanding of the recognized dissimilarities
in their physical behaviour.

Moiature Characteristics

One of the striking festures of =andy soils is their low ability to retain
moisture, not only at high tensions but also at low ones, and guite often they are
desoribed as droughty. Since sandy soils are low inclay content and most of the
pores are relatively large; a great portion of the retained moisture is lost at
tensions below one bar. Their available water range (FO-PWF) is rather narrcw
(4-64) compared to that of clay soils (16-29%) and this has effects on amount,
frequency and methods of irrigation.

A good estimation of the field capacity of sandy soils is important in
avaluating their suitability for irrigation. According to the standards of
the U.5. Bureau of Reclamation, the available water capacityfor irrigable soils
is 3/48 in (7.5/120cm). An underestimation of 1.5% moisture content results in a
difference of more than 2.5 cm of available water capacity in a 120 cm soil profile
having an apparent specific gravity of 1.50. This must be realized especially



wharl tha field capacity is taken as the moisture eontent retained in the soil at a
given tension which may e 0.1 bar or lower, Hivers and Shipp (1971} found trat
tne field capacity of sandy solls as determined in five fooi square plots was
5.6, T.3 and 7.9% for coarse sand, sand and fine sand respectively, while t:re
corresponding 0.1 bar values were 1.9, 5.8 and 6.4%. In this particular ca-e,
the 0.1 bar tension values appreciably underestimated the field capacity of sands,

3.2.5 Infiltration Rate

The infiltration rate of sandy soils (7.5-25 cmfhr} could be 250 times rore
than that of clay soils (0.01-0.1 em/hr), thanks to their large pore spaces ~nd
the high saturated hydraulic conduativity. IUnder unsaturated flow conditionu,
water moves more slowly in gandy soils than in olays as a result of the lower
meisture content and lower unsaturated hydraulie conductivity of the former a:
ghown in Fig.1, {Bouma ard Derming, 1972Y. The urderstanding of thege relaticns ii
important Tor proper irrigation and drainage practices, especially in strat:ic
goils. In a ¢oarse so0il overlying a fine one, the infiliration rate at firs- «.11
be that of the ceoarse soll alone since the fine soil has not yet been reachel:
when the wetting front arrives at the voundary between layers, the infiltra-io:
rate bezine to fall off and eventually approaches that of the fine goil alo:te. LE
inTiltration rate for the fine over coarse seguence may not differ from that or :ine
uniform fine material, since the flow is dominated by the lower conductivity of
the layer of fine goil. Also, a discontinuity in molature content at the layer
boundaries may be obeerved where moisture content 13 higher in the fine tha: 14
the coarse =oil,

3,2,6 Sedistribution of Moisturse

Hedietribution of moisture after cessation of infiltration usually procesis
at a faster rate and even to a greater depth in coarse textured soil than i- =
finer ong as shown in Fig. 2 (Soliman, 19&f). This has to be considered irn
determining the field capacity in situ =ince graviiational water movement in .a.dy
soils will cease materially in less trhan twWwo days. A& series of moisture
redistribution determinaticns, which must be made under field conditions, wo.ld
help in datermining not only fTield capacity of the moil but aleso ite moistur
atoragae capacity.

3,2.7 Upward Water Movemant

Upward water movement in sandy soils does not proceed at a fast rate, as is
the case for finer ones. l!owever, even though coarse textured soils have a rapid
initial rate of capillary movement, the finer textured ones eventually have the
kFighest rise, Fig., 3. Thus the water transmitting properties of sandy soils make
then suitable for subsurface irrigation — provided that good quality water is
available at a shallow depth, [Massoud, 1964). Since wet, sandy soils have a
relatively higher hydraulie conductivity than finer onee, their ability to deliver
water to the evaporative zone at the =oil surface is greater and i1s mainly
determined by the meteoroclogical sonditions. As a result, under arid and semi=
arid enviromments the hazards of ealinization could exigi, Fig. 4. 0On the other
hand, a dry sandy soil ia a poor transmitting medium for capillary water and
congequantly upward water movement and evaporation losses are materially reduced.
Water movement could proceed, however, by vapour diffusion

1a2.8 Aeration

It is an accepted fact that most sandy soils have too much asration at the
expenze of an adequate water holding capacity. Air permeability wae found to
decrease with decreasing particle size and increasing bulk density, (Elgabaly and
Elghamry, 1970). For a system having a particle diamster of 7714 and a bulk density
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of 1.49 gfcm3 decreasing the size to B4 reduced the air permeability from 634 to
}te and inoreasing bulk density to 1.76 gfcml reduced it to 2654°. This indicates
that the presence of finer stratified or compacted layers effectively reducea the
air permeability of sandy =soils,

IMPROVEMENT AND ADAPTATION OF PHYSICAL CHARACTERISTICE CF BSANDY SOILS FOR
HETTER CROPFING

The preceding presentation of the physical properties of sandy soile shows
that they have favourable as well as unfavourable characteristios affecting their
productivity. The high infiltration rate, good meration and self-mulching are
examples of the favourable characteristics while low water retention capacity,
low specific surface area and loose consistency are among the unfavourable ones.
For efficient utilization and better cropping of the eandy soils the following
techniques could be applied to overcomes thelr physical disadvantages while
retaining their advantages.

Placement of an Asphalt Barrier in the Soil

The rapid percolation of water through sandy soils when coupled with a low
water retention capacity is often a limiting factor to the profitable use of these
goils. Not only do special methods of irrigation have to be followed but aleo
irrigation water and plant nutrients could quite poseibly be wasted. Placement of
relatively impermeable barriers within the soil is one approach to reducing the
adverse effects of rapid percolation as well as of t-e upward movement of poor
quality groundwater.

When bentonite clay and plastic films were first tried, there was difficulty
in joining the individual barriers into a continuous one but this was later
surmounted when asphalt was used, (Erickson et al. 1968). A continuocus asphalt
barrier of overlapping 225 om wide strips and 2-3 mm thick can be formed by spraying
hot asphalt emulsion at a rate of 14 000 litres/ha, (Palta et al. 1972). Details
of the techniques and machinery are given by Hansen and Erickson (1969},

In barriered sand soils, excess water from irrigation or heavy rainfall
percolates down ta the barrier and then rune across to its edges. As a result of
the high conductivity of the saturated sand and the higher gravitational potential
at the edze of the barrier, excess water drains rapidly. When the source of free
water is removed, the hydraulic conductivity and potentiml gradient descrease causing
low tensicn water to be detained over the barrier surface. With furthar capillary
digscontinuity at the edge of the barrier the drainage of this low tension water
is materially reduced.

Erickson et al. (1972} illustrated in & saries of capillary rise and drainage
experiments made on Ottawa fine sand that the amount of water which can be perched
above the moisture barrier after two days of drainage amounted to 10% by volume
above the 70 cm height and about 35% at the 35 om height, Fig. 5. The results
of their field inveatigatione on moisture suction after irrigation or reinfall in
the same scil with and without an asphalt barrier are given in Table 1 and shown
in Fig. 6.
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Table 1 SOIL MOISTURE SUCTION APTER IRRIGATION OR RAINFALL ON
OTTAWA FINE SAND WITH AND WITHOUT AN ASPHALT BARRIER

Drainage time Suction - millibars ;
Days Rain on soil Rain on barrier £ in irrigation on barrier
1 T4 34 a
2 B2 35 15
6 90 40 25

Adapted from Erickson et al. 1972

Analysis of these results indicated that the 20 om of soil immediately above
the barrier would thus contain over 30% by volume in contrast to the 10 to 129 it
would contain without the barrier. Assuming that 50% of the water held by sand is
not readily available, the barriered profile could provide 200% more water to plants
than a profile of sand without a barrier. %ven if an increase of 50% is achieved,
the barriered sand soil will thus have a capacity to hold water egual to that of
loam soilas,

A marked increase in yield of various vegetable crops grown on barriered soils
has also been reported (Erickson et al. 1968a, Hansen and Erickson 1969, Saxena
et al. 1968 and 1971). The results obtained by Erickascn et_al. 1968 are given
in Table 2,

Tabla 2 VEGETABLE CROP  YIELDS (T/HA) FROM ASPHALT BARRIER
EXPERTMENTS

Grup' Cucumber Cabbage Potatoes Beans
Gontrol 18.7 23.0 24.3 13.8
Irrigated control 19.5 18.5 7.3 25.1
Asphalt 24.9 2.7 25.6 T4a1
Irrigated asphalt 25.5 23.8 36.8 25.3
L.5.D. ©0.01 1.9 4.4 4.2 T.0

The significant increase in crop yields for cucumber and cabbage, being
30-40% due to the presence of the barrier, was hardly noticeable in the case of
potatoes and beane because of less favourable rainfall distribution or irrigation
frequency, although a 38 mm (18%) saving of irrigation water was achieved by ueing
an asphalt barrier.
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The asphalt barrier was alsc tried for rice cropping on sandy soils in Taiwan
{Zrickson et al. 1968a). The barrier not only reduced the water needed for Tlooding
tne paddies to /7 but also increased the yields from 0.40 t/ha for the control
o 4,32 t/ha when placed at a depth of 20 em, Increasing the depth of the barrier
to 60 em raised the yield to 5.38 t/ha.

The ewxperiments of Erickson &t al. (1968b) on the use of asphalt barrier for
sugar cane produaction on sand soils, indicated that afier a heavy irrigation the
free water over the barrier had left within two dayes and after one month the tension
had only reached 41 cm, Fig. 7. HNoi only the meisture control of the barriered plote
during the rainy season was nearly twice that of the contrel, but also the cane
yield was doubled, Table 3.

Table 3 THE ZEFFECT OF ASPHALT BARRIERS AT DIFFERENT DEPTHS ON
SUCARCANT YIELDS AND OTHER DATA TAKEN AT HARVEST TIME
23 FEBRUARY 1968
Disturbed

Control Control 50 om 15 cm 100 cm LED
Cane yield-m.tons/ha 5442 48.9 83.2 104.1 97.1 13.0
Available sugar - % 13,22 12.82 12.48 11.55 11.37 0.52
Millable stalks/ha x 10-3 71.8 63.9 86.7 90.5 80.9 9.1
Dead stalks/ha x 10™2 4.4 4.5 7.0 7.3 6.0 1.5
Average stalk length - om 210 220 266 294 287 15,5

3.3.2

As to the economy of the asphalt barriers, Erickson et al. (1968a, b and 1972)
believe that they pay for themselves in one year and that in many cases they are
economically feasible because they are a long term investment. Not only do barrierad
s0ila save irrigation water and provide higher yieids, but they also provide the
possibility of more efficient furrow irrigation and even of flooding methods.

Placement of Organiec Manure Layers in the Soi

e

The application of organic manures to sandy soils ie a customary practice
which helps to increase their fertility and improve their physical characteristics.
Under arid and semi-arid climates and where such application is subjected to
digsturbance by frequent cultivation of the surface layer, the beneficial effect of
organic manure becomes rather short lived. Surface application of organic manures
ancourages lateral growth and horizontal distribution of plant roots in the top soil
rather than their extension deeper into the soil, thus limiting the root zone to
that depth which is subjected to drying faster than the layers below,.

Placeme~t of organic manures or composts rich in colloidal substances deeper
into the soil increases the depth of the utilizable soil profile, ensures vetier
exploitation poseibilities and permits more water and nutrients to be at the disposal
of the plant roots. The best substance recommended by Egerzegi E1958} for improving
layers is mature farmyard manure enriched with mineral colloids {clay) or compost
abounding in organic and inorganic colloids. A carpet-like layer at a depth of
60 cm can be formed by spreading at least 65 t/ha of farmyard manure, which will




Water Suction - cm

Soil

Fige T

BO
Without barrier

60 - -~
25 cm deep and 1 meter vl
from edge of barrier ‘_.--'"

40 - i

20
At barrier

ﬂ .
-20
-40 -I

/ Flood irrigoted

ood irrigate

-60 —ri T T T T T T T 1
12-8 12-12 12-16  12-20 12-24 12-28  1-1 -5 1-9
Dote

CHANGES IN SOIL MOISTURE TENSION WITH TIVE AFTER AN EXCESSIVE

FLOOD IRRIGATION. THEE READINGS AT THT BARRIER ARE FOR TENSIOMETEES
_ PLACED CN THE 50 cm DEEP BARRIER. THE DASHRD LINE IS FOR TENSIO-

METERS PLACED 1 m FROM EDGE OF TIHE BARRIER AND MIDWAY BETWEREN THE

BARRIER AND THE SURFACE OF THE S0IL BUT CCORRECTZD FOR ITS HELGHT

ABOVE THE BARRIER. THIS SHOWS THE =ZDGE EFFECT. THE SHOET LINE IS

THE READINGS OF TENSIOMETERS PLACED QUTSIDE THET BARNIFH.

(After Erickson et al, 19468b)



ensure a thickness of one centimetre at least, in order to improve the bioclogical,
chemical and physical properties of the sand profile, Egerzegi (1959). In order to
ensure good crops, ancther ameliorative layer must be placed zome 15 cm above the
first, and after 2 or 3 years even a third layer may be required. The improving
layer is formed by spreading the manures on the 55-60 cm wide bottiom of an open
furrow to the desired depth,

The ability of the improving layers to retain moisture is olearly demonstrated
from the results reported by Egerzegi (1958) and given in Table 4.

Tavle 4 ~ IMPROVED MOISTURE STORAGE FROM SPOT PLACED LAYERS
WITH AND WITHOUT VEGETATION
[ With vegetation Without vegetation
Depth of layer : So0il Moisture — % by weight
o 12/5  28/17 18/8 _12/5 28/7 18/8
0 - 20 7.4 27 1) 7.9 4.0 3.7
20 - 40 8.9 2.6 1.6 Ta7 Tt 6.5
40 - 60 8.3 2.9 1.5
In the 2nd layer
(48 cm) 145.4 125.1 120,2
Between the layers 8.8 Ta2 6.9
Above the 1st layer G.6 3 2.4
In the 18t layer
(65 cm) Bd.4  B2.T 50,8 131.2 128.0 122.1
70 - 80 4.1 2.7 142 4.6 4.4 4.3

Adapted from Egerzegi 1958

Furthermore, a better crop (broom—corm) was obtained from the plots improved
with compost layers and stratified stable manure, 20 tfha, compared with 8.2 t/ha
from the plots manured in the ordinary way and with 5.4 tfha from the loose sand.

The application of this improving layer technigue on a large scale in
Hungary has proved its effectiveness and the lasting utilization of the organic
matter as indicated by crop yields shown in Table 5, Egerzegi (1958).



Table 5 EFFECT OF FARMYARD MANURE PLACEMENT AND ITS DURATION
ON SORGHUM AND POTATO YIELDS

Gl Sugar sorghum {t/ha) Fotato (1/ha)
Green Grain Ssalk
Treatment 1953 1954 1955 1951 1954 1955
Untreated sand 8.9 9.4 0.5 Beb 3.5 T 4.9
Manured in the top =meoil | 15.5  13.7 13 19.5 £.1 7.8 T
Single layer
1mprﬂvament 32-4 44.7 2-5 33.4 13¢G 161T 21'9

Adapted from Egerzegi 1958

Reclamation from dense sandy scils by the improving layer technigue
createa favourable conditions for the root system not only by loosening the soil
but also by providing adequate moisture and nutrients because withia the substance
of the layer and in its environment the nutrient supplying capacity of the soil
increases. This effect is aleo promoted by the biclogical activity of the densely
populated manure layers., In a comparative study on the effect of ploughing and
of improving layers on wheat yield and nutrient content of grain, Zgerzegi (1964)
found that the highest yield and nutrient content of grain were obtained from
plots reclaimed with placed layers, Table G.

Table § EFFECT CF PLOUGHING AND IMPROVING LAYERS ON WHEAT
— f YIELD AND NUTRIENT CONTENT OF GRAIN

Henabigent Grain Etraw. N F .4 Ca
t/ha gfmz

Floughed 25 cm 1.29 2.64 2.12  0.88 Q.65 1.18

Teep turning T.35 2.76 2,17  0.96 0,68 1.18

Shallow incorporation

of manure 1.75 3.04 2.85 1.20 0.87 1.53

Sand reclaimed with

Plﬂcﬁd 1ﬂyﬂrﬂ 2;?1 4#29 4!65 1-9? 1-33 2-35

L.S.D. 5% 0.24 0.93 0.34 0.22 0.14 0.28

Experiments have been carried out in Zgypt oy Makled 1/ on reclamation of
sandy scils using improving layer techniques. The effects on crop yields as a

1/ Personal communication - F, M. Makled, College of Agriculture, Al-Azher
University, Cairo, Arab Republic of Egypt.



result of deep ploughing, surface manuring and improving layers were inveastigated in
Tahrir Province, These results of the study, shown in Table 7, are taken as
percentages of those in the nearby Boheira Province which has normal loam to clay
loam soils.

Table | AVERAGE YIELDE COF WIKTER AND SUMMER CROPS EXPRESSED
45 A PERCENTAGE COF BEBOHEIRA PROVINCE YIELDS AS
AFFECTED BY IMPROVING TECENLIQUES

! Treatments Winter crope | Summer crops |Winter crops | Relative
10962 1962 1963 effects
Control 24 18 22 1.0
. Floughing to 60 cm deep 30 a3 34 1.6

Surface manuring
(72 nm3/ha) 45 58 54 2.5

Nile sediments layer
{1 em thick)
at 50-60-T0 em deep 59 63 &7 3.0

hanure layer (72 m3fha}
at S0=-60-T0 cm deep

—l
[ £

80 82 ; 3u8

Impervicus layers
{asphal t-plastic-canvas—
parchment papar} at 60 om
deep + 72 m3fha gurface
manuring | 36 95 96 4.7

1f Winter crops — tomato, lupin, barley, Chiline wvetch, horse beans and wheat
Summer ¢rope — COwpea, sSesama, groundnute and green maiza.

Thae daia as presented in the above table are self-explanatory and emphasise
the effectiveness of the improving layers and the supericrity of the impervious
layers when coupled with manure application.

3imilar studies were also carried out by Sabet et al. (1971) on amelioration
of Wadi-El-Natrun sandy soils in Egypt. These resulte showed significantly the
superiority of deep manuring and the carpet-like placement of clay-organic manure.

333 Surface Mulch

The low water storage capacity of sandy scils entails certain measures to
decrease their water losses, Where deep percclation accounts for most of the
losses the previously mentioned techniques could be followed depending on the
availability and cost of the improving materisls. Increasing the storage capacity
of densge sandy soile or those with a characteristic hard pan layer can be
achieved by vertical mulch {Fhirhourn and Cardner, 1972), since water infiltration
into the =oil can readily preoceed at a greater depth than by wetting downward from
the scil purface, Water storage can alsoc be improved by reducing evaporation
loases through the use of surface mulch.



0f the waricus technigues which can be applied to desrsase scil water

evaporation tillage, placement of gravel layers and surface spplication of
crop residue are worth mentioning.

i.

ii.

Tillage

Digsrupticon of capillary continuity by tillage is the main mechanism
which hinders upward movement to the soil surface and itvs loss by
avaporaticn. The effectiveness of this practice for a giver evaporative
demand depends on the stage of evaporaiion [Lamon, 195&) and on the time
aftar wetting at which tillage is performed {(Willia and Bond 1971). Tiilage
ig quite often carried out after there has been considerable surface drying
by evaporation whichn reduces the heneficial effects of mulching.

From a laboratory study by Willis and Bond [19?1} on evaparation losses
from Parshall fine sandy loam scil as affected by depth of simulated tillage
{2.5 and 7.5 cm) and time 1, &4, T and 18 days' at which tillage was done,
certain practical water conservation measures could be deduced. Tillage
was found to cause an 1mmediate decrease in so0il water evaporation wnen
comparad to undisturbed =socil, irrespective of time or depth of ploughing.
{Fig. 8]. However, Tor tillage to be really effective, it has to be dene
at an sarly stage while the evaporation rate 1g high. In this way, tillage
at the earliest possible time would not only reduce evaporation losses by
more than 509 but also be effective for more than just three weeks (Fig.9).
Since tillage does not sliminate capillary water movement to the scil mulch,
increasing the tillage depth to a certain extent would help reduce evaporation
losszes.

Gravel Lavers

Placement of grawvel layers on the surface or within the top soil
decreases evaporative soll water losses by disrupting the capillary flow.
They not only reduce water losses from the seil beneath, but also help
the moil above retain more water tnan uniform scil when water is initially
applied to the zoil because water does not move through gravel till the
goil abowve has reached saturation. '

The effect of gravel layers on water storage, distribution and
evaporation was studied by Unger (1971) under laboratory and fisld conditions
where a layer 2.5 cm thick of gravel {3-H3mm)} was placed on the soi1l surface or
at 5, 15 or 25 cm beneath it., The results for the Amarillo fine sandy loam
go01l confirmed the benaficigl effects of subsurface gravel layersa on water
gtorage in the surface soil but at the expense of deeper moisture penetration
as shown in Fig. 10. Flacing gravel on the surface or at 5 cm below it was
more effective in reducing gumulative water losses by evaporation than by
placing it at deeper depths, (Fig. 11). It would seem that the fast drying
of the top 5 om of =0il created a self-mulch which decreased further water
losses.

Since & gravel layer on or below the z0il surface creates a problem
when cultivating the soil, this method is best sulted for trees whefe
minimum soil disturbance is necesesary. The gravel should be placed in a
circle arcund the tree trunk and the use of herbicides will eliminate ihe
need for ploughing the area mulched with gravel.
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1ii. Lrop Zesidue

Crop residue meintained or spread over the =o0il ¢an serve as a mulch
gurface. The effectivensas of thie practice depends on the rate of
application, Under laboratory controlled conditions, Bond and Willis {1971)
found that unweatrerad brisht wheat straw {1.3 zm long, when used as szrface
residue decreased evaporatiorn losses fron Parshall fine sandy loam soil,
Tavle . For a given evaporation potential {3®) increasing the residus
rate to avout 18 t/ha gererally decreasad the toial evaporation losses by
atout 300% and, similarly, within any one residue rate for either shaded
{low EP) or unshaded (kish EP) treatments total evaporation after 50 days
anerally increased as EF increased,

The results of the study also indicated that surface residue influenced
so1l temperature during first and third stage drying and decreased the range
between maximam and minimum temperature and gave a generally cocler soil
under high radiation conditiuns, Fge 12 and 13 respectively. 'This is another
favourable effect of uaing the crop residus techrnigque under arid and seai-
arid conditions where high temperaturss aggravate the adverse affects of
low moisture supply.

Takble H TOTAL 30IL WATER EVAPCGRATICN APTZEE GO DAYS DEYING AS LNFLUINGED
A7 GURFACE RESILUL FATE AND EVAPCREATION POTENTIAL

Twaporation potential, om/day
Straw
rate Ghaded Inehnaded
0.47 0.56 0.65 C.70 Tt 1.34
kz/na J0il water evaporation, cm
8] .71 780 T.86 h.Eh T.70 T.08
RE0 £ B0 T.60 797 &.40 177 T.80
1120 6.52 7. 42 T 50 £.5% 2.12 .15
¢ 240 .30 730 T2 6.55 T.70 T.82
4 450 5. 50 .73 Te2d £.35 T.25 7«55
g 960 4.07 4.80 560 d.98 6.42 £.35
17 @22 2.20 2.43 2.81 2.43 3.20 2.95

In a comprehensive study on conservation of sandy scils with a surface
mulch, Fryrear and Xoshi (1971} showed from their own results and from
previous research by other seientists that a mulch surface cover on zandy
8oils will reduce wind erosion, Fig, 14, increase soil moisture storags,
Fig. 15, improve dry aggregate stability and increasa crop yields. The
concept of muleh ecoefficient which they introduced (1009 soil cover sguals
a mulen coefficient of 1.0} is of practical importance since it is the
residue roughness and the amount of soil surface covered by the residue
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that delermines the effectiveness of this techrnigque, Fig. 16. From the study
they have shown that for a loamy fine sand wind erosicn cmn be reduced to a
tolerable level with a muleh coefficient of 0.4 to 0.8, Pig. 17. Crop
yields {cotton and wheat) tend to increase with an increase in the mulch
coafficient up to 1.0-1.2. To reduce =ffectively evapcration a mulch
ecoefficient of at least one ig reguired, above wnich a 34% linear increase
in water storage can be obtained with a unit inerease in muleh coefficient.

The aeffectivensss of the muleh coefficient needs to be tested under
various climatie, soil and crop conditions as well as for different materials
and methods of application on the surface or mixing with the top soil.

EROSICN  GONTHROL

SJepide the proviously described techniques, which are directly ained at
improving water and nutrient storage of sandy seile and reducing evaporation
losges from them, there are other fundamantal practices such as Fertilization,
irrigation and erosion conirol which are essential for the successful agricultural
development of these land regourcee, It is not intended to cover fertiliration and
irrigation aspects in this paper since they have been dizcussed reaspectively by
Balba (14%73) and Baudelaire {1973} elsewhera,

Gropping Management Practines for Rrosion Control

Protection of agricultural sandy scils against arosion harards not only saves
tham from being degraded but also prevents them From being a menace. to adjacent
productive lande. The susceptinility of sandy soils to ercosion is attributed to
their textural and structural characteristics, l.s. dominance of the sand =ize
fraction, the cohesionless nature of the gand particles and the low stability of
any formed elods. [hder arid and semi-arid climates, sandy scils are mare
susceptible to wind than to water erosion. However, where the rate of precipitation
exoeesds that of infiltration sand becomes easily detached and washem away readily
ander high wvelocity runcff water.

It is possikle to contrel eresion through certain ecrepping practicas, such as
gurface muleh, whnich has already heen discugsed. Othar practices which could ba
adopted inelude minimun tillage, planting of cover crops, strip cropping, crop
rotations, and control of grazing and dunes, (FAD, 1965 and 1963).

Under minimwn tillage, operaticons for seedbed preparation are limited as
muich ag possible and can even be combined with seeding in one operation to minimize
soil disturbance, The selectlon of tillage implements is important and, generally
speaking, the use of mouldboard or disk plough should be discouraged in wind
erosian areasz, while the use of liater or chisel ploughs is more desirabla. ¥or
tillage to be effective, it must be performed perpendiculsr to the prevailing
winds and at a suitable moisture content sc that & rough surface is created and
2lods are not pulverized.

Keeping the surface covered with crops on arodivle scils, especially during
the oritical erceion pericds, is an effective measure. Subject o the availability
of water, so0lid planting or strip cropping can be used. Permanent vegetativae
covers such ae alfalfa and rye grass, or short duration crops such as socrghum and
barley,; can be planted for fodder supply and soil protection. In sandy areas whera
fruit treesz are planted with wide spacing and clean tillage is practised lor
moisture conservation, it is advieable to plant narrow stripe of small grains for
goil protection. Similarly, interplanted strips of cover crops provided
protection for tender young seedlings.
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Adherence to a certain crop rotation on sandy =moils should be evaluated on
the bagis of its economic net return, scil improvement capabilities and conservation
benefits. An example is the growing of high value vegetable crops in sejusnce
with lezumes to improve the soil fertility and to wmaistain crop cover, Al ternating
shallow rooted crops with deep rooted ocnes would make stored water and nutrients
more available o the latter and increase the organic content and biclogical
activity within the seil. If & fallow or rest pericd in the cropping seguance
is necessary, then measures must be taken for erosion control; in this respect,
surface mulch by tillage or the leaving of crup residues on the surfeee cauld
be practiseed. GShould the case arise that erceion of a sandy soil becomes difficult
to control, it should be permanently revegetated with grass, trees or shrubs.

Overgrazing oh sandy soils must be aveoided and efforts should be made to
improve the productivity of pastures and range. The introduction of Totational
grazing would help to combat this hazard and 1% might be better not to permit
grazing but to feed animals cut Fodder on Feeding lots.

Hindbreaks and shelterbelts can effectively reduce wind veloeity by 60 to 509
near and in the lee of the belt, and about 20% at distarces equal %o 20 times the
haight of the belt. 4t about 30 to 40 belt heighis to leeward trney lose their
effect. The orientation, shape and density or poroeity of the shelterbelts should
oe carefully considered for the effectiveness of this method, The competition for
waier and nutrients and the shading effects on crops 15 to 30 m from the belt are
limiting factors.

Stabilizsation of Sand Tunas

Dune encroachment is a menace which not only affects the agricultural
potentialities of arable lands but also causes severe losses to human habitation,
communication, tranesportation and manpower productivity. 1t is the result of
climatic, scil and human factors such as aridity, high wind velocity, physical
characteristics of the sand, overgrarzing and burning of wvegetation., BEffective
coentrol of the elimatie factors ig beyond man's ability, but he could manage
to modify and adjust the physical characteristics of the s0il as well as his own
role to halt or reduce the adverse effects of dune encroachment and sand drift
on agricultural land. In thie respect, stabilization of dunes and drift areas is
closely related to the subjiect of this paper.

Keeping vegetative cover on sandy junes is a sure measure againat
encroachment. But to enable either natural or planted vegetation to become
astablished, sand movement must be prevented and, consequently, sand dunes
gtabilized., Of the wvarious technigques which could ke used, the following ones
warrant some mentian.

i. Use of Dry Vegetation as Vertical Hedges

In this conventional method, dry vegetation (Imperata cylindrica,
Aristide pungens, Artemisias herba alba, Feiama raetam) or palm fronds are
buried in, preferably, moist trenches to a depth of 15 om, leaving about
35 em extended above the surface. The arez enclosed by a checkerboard
pattern of trenches wvaries with the slope and sgize of the sand particles,
that is: about 5 m€ on steep slopes and coarse sand compared to about
16 m2 on gentle slopes and fine sand., Although this technigque is promising,
the availability of plant material and manual power are the limiting factors,




ii, Uge of Artificial Surface Sealants

Petroleun, synthetic rubber, chemicals and water soluble plastics are
examples of new productis which have recently been used in dune and drift
zand stabilization as a result of advancement in research and technology.

In a recent review by the U.S. Agency for International Development (1972)
the characteristice and applicability of different surface sealers were
briefly reviewed. A model dune coated with heavy oil was reported to resist
wind velocities higher than 70 mph (112 kmph), which is four times more than
the control. Cited experiments on the application of free flowing water
emulsion of synthetic rubber latex and oil showed considerable success in
binding drifting sand. Similarly, spraying with newly developed synihetic
regins was found to form a consolidated surface for a pericd sufficient to
estavlish vegetative cover.

The use of chemicals as soil conditioners has been discussed by De Boodt
(1972). An emulsion with strong acid groups (e.g. HSO, on the micelles) in an
experiment increased the available water of a sandy soil four times and its
catlon exchange capacity more then ten times. Hydrophobic emulsions were
found to be useful for stabilizing aggregates and conserving moisture.
Spraying bitumen emulsion on a moist soil leada to the migration of the
micelles to the contact points between particles and upon subsequent
coagulation of the active material when it dries the soil particles become
eloser and form stable aggregates.

A large scale programme of sand dune stabilization is going on in the
Libyan Arab Republic (L.A.R. 1973). The most promising one on continental
type dunes is the hot crude oil spray method, Neither the use of chemicals
gprayed from the air nor the use of a sprayed emulsion of synihetic rubber
latex, mineral ¢il and water proved to be as successful as the use of
petroleum oil.

It should be understood that afforestation with selected trees and
shrubs is a complementary measure that ought to follow stabilization of dunes.
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QUALITY OF WATER IN RELATION TO IRRIGCATING SANDY SOILS

by

A. Arar
Regional Land and Water Development Officer
RNE4A, Cairo

SUMMARY

Irrigation water is becoming more and more scarce to meet the needs of
agricultiural expansion in the region and as a result the intensity of using lower
quality water is increasing. Such water should not be deemed unfit for irrigation
without careful consideration being given to all facts concerned. This paper briefly
discusses these factors and cites some examples where saline water is being used in
the ragion.

Criteria such as the total salt concentration, sodium percentage, residual
sodium carbonate and boron are used in setting standards of water quality for
irrigation. Due to the influence of soil, climate, crop and water management
practices there is no simple water classification scheme applicable in all cases.
On permeable soils such as the sandy ones and where rainfall distribution and
intensity prevent salt accumulation, water of lower gualities could be tolerated.

Yields and quality of erops are usually impaired by salts from irrigation
water. Certain ions have specific effects when they are abundant and others are
toxic even when tney are found in minute concentrations. Plants vary widely in their
tolerance to salinity, but most of them are more sensitive during germination and
emergence than in the later stages of growth. It is through proper soil, water and
cultural practices that the harmful effects of salty water can be reduced, The paper
oites the results of work carried out in Tunisia as an example.

Salinity can be contrelled by providing the regquired leaching and an adequate
drainage system., The leaching requirement, as affected by the kind of soil and the
salt contentof irrigation water, is low in the case of sandy soils and increases
rapidly with the salinity of the water. The relation between leaching and drainagze
requirements must be observed for proper drainage design and sconomic use of water.
The efficlency and timing of leaching are discussed. The use of salty water in
sprinkler and drip irrigation methods, which are more suitable than the other
methods for irrigating sandy soils, has proved to be succeasful when properly
managed. Shortage as well as over supply of irrigation water may cause salinization
as a result of thin spreading of irrigation water in the former case and water—
logging in the latter.

Examples are given of the use of low quality groundwater to irrigate sandy
soils in some countries of the region. Salt tolerant cereal cropa, vegetablas,
alfalfa and date palms are being irrigated with water of 2 000 ppm or more in Bahrain,
2 400 to & COO ppm in Kuwait and 15 00O ppm in the Tagora area of the Libyan coastal
plain., 350il reclamation and development projects in Saudi Arabia depend on
groundwater of about 2 500 ppm for crop production. In the United Arab Emirates,
foreat plantations have beer established on deep sandy soils, using drip irrigation
with very saline groundwater of up to 10 000 ppm.



INTRODUCTION

In almost all countries in the Near East region, the provision of irrigation
water is one of the moet inportant factors for expansion of agricultural production.
In some parts, with all available good quality water already being used, and with
irrigation expansion approaching eaturation point, the need to use saline waters
is increasing. A study of the safe limits of salts in irrigation water and of the
conditions under which saline water may best be used for irrigation is essential
in order to utilize intelligently the rescurces of the arid region.

Saline irrigation water should not be deemed unfit for irrigation without
careful consideration of all factors concerned., Permanent irrigated agriculture
can be meintained using rather salty waters with proper management.

The concentration and composition of dissoclved constituents in a water
determine its suitability for irrigation use. Apart from the guality of irrigation
water itself, the following factors are also involved: type of soil, climate,
prevailing drainage conditions, methods of irrigation, land development and land
preparation for irrigation and types of crop grown.

This paper disousses briefly the above factors and their interrelationship.
Some aspects of the use of different levels of saline water in irrigating sandy
goil in some countries of the region are also included.,

STANDARDS POR IRRIGATICN WATER

Waters with conductivity below 750 micromhos/em are satisfactory for irrigation
insofar as salt content is concerned, although salt sensitive crops may be adversely
affected by the use of irrigation water having conduotivity wvalues in the range of
250 to 750 micromhos/cm, Waters -4 the range of 750 to 2 250 microzhos/cm are
widely used, and satisfactory crop growth is obtained under good management and
favourable drainage conditions, but saline conditions will develop if leaching and
drainage are inadequate. Use of water with conductivity values above 2 250
micromhos/cm ie the exception and very few instances can be cited where such waters
have been used successfully. Highly permeable soils, such as sandy ones, facilitate
the task of obtaining a favourable salt balanece in the so0il, even with relatively
saline irrigation water.

An irrigation water with a high sodium percentagea 100 Na
Na + K + Ca + Mg

will, after a time, cause a so0il with a large propertion of exchangeable sodium,

The higher the cation exchange capacity of the scil, the greater the risk of
alkalirzation and hence the deterioration of scoil structure., It should be pointed
vut, however, that even on sandy soils with good drainage, watera with 85 percent
godiun {expressed as a percentage of the total cations) or higher, are likely to
make s0ils impermeable after prolonged use. With a higher total salt content, there
is a floceculating action that tends to counterbalance the poor physical condition
caused by a high sodium concentration in the water.

Residual sodium carbonate is another criterion for water guality and it is
ajual to the total carbonate and bicarbonate minus the total calcium and magnesium
igne in milliequivalents per litre. Waters with residual sodium carbonates of
2.5 meq/l or more are considered unsuitable for irrigation, while those of 1.25
to 2.5 meq/l are classified as marginal and below 1.25 are considered as safe.



Boron ie essential to plant growth and work on sand cultures has shown that
mary plants make normal growth with traces of boron (0.03 to 0.04 pom) but that
injury often cccurs in oultures containing 1 ppm. 3ome crops, such as beans, are
very sensitive to an exceas of boron but others, like sugarbeet, will tolerate
large gquantities. However, water containing more than 2 ppm will usually cause
trouble after a time.

The amount, intensity and distribution of rainfall plays an important role in
the use of water for irrigation purposes. Heavy and intensive rain during winter
reduces the amount of leaching water required during the irrigation season. This is
very important for areas where the quality of available irrigation water is marginal
and/or of short supply. Crops and cultural practices can be selected properly for
effective utilization of precipitation stored as soil water. On the other hand,
some crops become more sensitive to a given level of salinity during hot, dry
weather than during coocler, more humid weather.

As mentioned before, because seil, crop, ¢limate, drainage and soil
management all influence the suitability of water for irrigation, na simple water
claggification scheme is applicable for all cases. Some writers have indicated
that waters of 70% sodium are unsuitable under most conditione, yet on sandy soils
in the Ceachella Valley, California, waters of more than 30% sodium are used and
the farmers are making a profit. Electrical conductivity of 2 250 micromhos/cm is
econaiderad as the upper limit for good production on most soile; however, good
¥ields of alfalfa and some winter vegetables are obtained in the Arabian Gulf States
with waters of a salinity content double or even triple the above level.

REACTION OF CROPS TO SALINITY

Effect on Yield and Quality of Jrops

Studies on the affect of geveral moisture trestments and salinity levels
indicate that plant growth is a function of teotal soil moisture stress, regardless
of whether this stress arises primarily from salinity or moisture tension.

Salts generally decrease the yield and impair the gquality of crope. Yields of
tomatoes and pepper are reduced not only because of fewer fruits per plant, but
also because of a marked decrease in fruit size. Conversely, salinity may increase
the sugar content of some vegetables, especislly carrots, but this gain in gquelity
ig more than offset by lowered yields. Cabbagea from salty fields are generally
more solid than those from non-saline fields, but again, lowered yields offset
this favourable effect, Chloride fertilizers are generally belisved to make
potatoss less starchy and more watery; but on saline soils, high in chloride, the
decreased water availability counteracts this effect so that the tubers produced
ara of normal starch content, Salinity accelerates the maturation of potatoes,
although the tubers are smaller., In contirast, salinity delays the flowering and,
thersfore, the maturation of aweet corn (maize).

Water Composition and Plant Toxicity (Specific Jon Effecta)

The quality of the irrigation water affects the mineral composition of the
plants and this process of mineral uptake is intensified when water is applied by
aprinkling, which is widely used for irrigating sandy soils. This can lesd to a
serious upset in the metabolism of the plant and to its intoxication which, no
doubt, explaine some failures observed in the oase of sprinkling. It is alsc
Imown that some ions are more toxic than others to certain erops. HExcegsive
chloride ions are toxic to peaches and other stone fruits, pecan and avocados.
Sulphate ions cause disturbances to the cptimum cationic balance within the plant,
as they limit the uptake of caloium and increase that of sodium and potassium,
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Boron, although it is required for the nutrition of the plants in trace quantities,
ia towic even at low concentrations (2 ppm or more). High concentrations of sodium
not only cause adverse effects on sell etructure and related properties, but alao
unbalanoed uptake of nutrienta.

Minimizing the Effect of Salinity

Most plants are more sensitive to salinity during the germination and emergence
stage than in later stages of growth. GSome crop species which are very salt tolerant
during later stages of growth may be quite sensitive to salinity during germination,
lixe sugarbest.

Under field conditione, it is possible by modification of planting practices
to minimize the tendency of salt to acoumulate around the seeds and to imprdve tha
stand of crops that are sensitive to salt during germination. Planting on the
side of the ridge, but well below the water line in the furrows, is one method to
adopt. In Kuwait, since 1953 they have been producing vegetables rather
succassfully using braokish water with a salt content of 2 500 ppm but on desp,
good permeable sandy soils. However, their practice is to produce the meedlings of
vegeiables, such as tomatoes, cauliflowers, cabbages, lettuce, beetroot, cucumbers,
eggplants and pepper in pots made of organic material (jiffy pots) and to use sweet
water (salt content lesa than 1 000 ppm). After 3 to 4 weeks and at 10 to 15 em high,
these geedlings are planted with the pote in the fiesld. After that, they are
irrigated with the brackish water (content mentioned above) until the crop is
harvested.

Tolerance of Crops to Salinity

The U.3. Balinity Laboratory at Riverside, Califoraia, classified crops in
three categories according to their tolerance to aalinity: high, medium and low,

Comprehensive research work was carried out in Tunisia on irrigation with
saline water (1962-1969). Various crops were grown Trom sowing to harvesting,
utilizing four differert water qualities (from 200 ppm to 4 000 ppm). Owing to
the similarity of soil and climatic conditions between Tunisia and other north
African countries, it is important to present the general conclusions of this work,
which are that:

i. An agronomist can utilize the saline water available for irrigation
in Tuni=ia, but must take greater precautions and accept lower yialds than
in normal cases. Higher salinity of the irrigation water results in a
decreaze in the yield. 3Salinity as it ocours in the irrigated areas of
Tunisia ie a euriountable barrier, but one cannot totally eliminate its
unfavourable effect upon the vegetation., Compared to normal conditions,
plante are more sensitive o suffocation, even temporarily, more frail
during their oritical periods and more exposed to lask of moisture supply
during extireme weather conditiona., Oood preparation of the scil makes
emergence less hazardous; but it should be realized that this is always
a difficult stage, The salinity of the irrigation water affects mainly
the summer erops, whereas the winter crops are strongly influenced by
rainfall and the ealinity of the soil in autumn,

ii. The effect of the quality of irrigation water on several agricultural
crops under Tunisian conditione are now knownj they can be summarized as
follows:

. The quality of irrigation water has little influence on the yield
of alfalfa as long as salinity stays below 4 000 ppm.



ba Fodder sorghum seems moderately salt tolerant. The deerease in yield
as well as in the productivity per cubiec metre of water was
approximately 40% for an inerease from 200 to 3 500 ppm in salinity.

o, In the case of maize, & yield decrease of 40 to 50% cecurred when
water salinity ineressed from 200 to 3 500 ppm.

d. With 300 mm of winter rainfall, the water salinity (3 0OC ppm) had
vary liti#le effect on ryegrass.

a, Barpeem was found to be very sensitive to the gquality of irrigation
water, With the climate of Tunisia (450 mm of rainfall), the yield
decrease becomes serious as moon ag the water salinity exceeds
3 0G0 ppm. Given a rainfall of 250 to 300 mm, the salinity should
not exeeed 2 500 ppm, especially if it is necessary to irrigaie
after sowing.

f. With regard to barley, the quality of the irrigation water does not
geem to have s pronounced effeet on the yield as long as the salinity
does not exceed 4 000 ppm,

£ Summer tcmatoss appear to be sensitive to the guality of irrigation
water. The use of maline water causes blogsom end rot which
diminiehes the gquantity of marketable fruit. The yield decrease
was from 50 to 70% with an increase in salinity from 200 te 3 400 PPM.
The wastage from blossom end rot decreased with temperature.

B Broad beans seemed moderately salt tolerant., The yield decresse was
30 to 40% for a rise in irrigation water salinity from 200 to 3 200 ppm.

i. Farly asparagus seemed to be wvery salt tolerant. The yield obtained
(4 to 8 tons/ha) where the salinity of the irrigation water was
£ 500 ppm wes about the same ag in areas irrigated with fresh water.

4.4 CONTROL OF SALINITY AND WATERLOGGING

4.4.1

Leaehing Requirements

The amount of percolation required (or leaching requirement) which is
governed by the salinity of irrigation water, evapotranspiration, loocal rainfall
and the permigeible level of salta in the =0il solution, whieh iz determined by
the kinds of erope grown and the =soil type, may be caloculated by the following
formula:

F = (ET - R) e
fCsm - Ci
where: P = Percolation or leaching requirement

ET = Evapotranspiration

R = Rainfall

Ci = Salinity of irrigation water

Cem = Salinity of moil mclution at field capacity

: 4 = Leaching efficieney. It denctes the ratioc between the =alt

oconsentration of the water draining from a so0il layer and the
salt eonsentration of the soil solution in that layer. This



coefficient varies with soil texture and is taken to be about
0.4 for heavy soils, 0.5 for medium textured and 0.8 for sandy
goils.

The data in Table 1 show the leaching requirement for different levels of
s0il salinity. The salinity of irrigation water is mssumed to be 0.5 nﬂhou{on and
that of drainage water [Gam{ twice that of the soil saturation extrast (Cex), i.e.
Cam = 2 Cex.

Table 1 LEACHING REQUIREMENT (P)
AS % OP THE NET IRRICATION REQUIREMENT (ET - R)

Salinity (mmhos/em) of the Soil Saturation
Leaching Efficiency (f) Extract (Cex)
2 4 6 8
0.4 (for heavy clay soils) 45 19 12 8.4
0.6 (for medium loamy soils) 26 12 7 5.4
0.8 (for light sandy soils) 19 8 5.5 4.0

From Table 1 it can be noted that the leaching requirement increased sharply
when the equilibrium of the soil salt content was set lower. It can alsc be
observed from the table that the leaching requirement varies with the kind of soils
and that it is low in the case of sandy soils as compared to heavier aoils.

The effect of the quality of irrigation water on the leaching requirement is
gshown in Table 2, assuning a sandy soil with a leashing efficiency (f) of 0.80
and that the salinity of the drainage water is twice that of the soil saturation
extraoct.

From Table 2 it will be seen that the leaching requirement increases
rapidly with an increase in the salt content of the irrigation water. Theoretically
speaking, certain levels of salinity oould be obtained in the soil to suit
different crops using relatively high saline irrigation water, provided that the
water could flow through the soil without obstruction and that the natural drainage
conditions and/or artificial drainage systems were capable of draining away the
necessary leaching requirements. It is obvious that the level of salinity which
could be maintained in the soil would always be higher than the salinity level
in the irrigation water if no leaching was provided by rainfall.



Table 2 ANNUAL LEACHING REQUIREMENT (P)
AS % OF THE NET IRRIGATION REQUIREMENT (ET - R)

Salinity of Salinity (mmhos/em) of the Soil Saturation Extract
Irrigation Water (Cax)
mmhos/cm
2 4 [ B 10 12
0.3 19 B8 6 4 3 2
1.0 45 19 10 9 T 6
2.0 167 45 26 15 14 12
3.0 1 500 88 46 31 23 19
4.0 N.A. 1/ 167 i 45 13 26
5.0 N.A. 357 109 64 45 29
7.0 N.A. N.A. 270 120 78 58
10.0 N.A. N.A. N.A. 360 167 109

1/ N.A. = Not attainable.

4.4.2 Drainage Requirements

According to general axperience, about 10-60% of the water applied to the field
is usually lost, resulting in an irrigation efficiency varying from 70-40%. Hence
field drainage must be able to discharge these losses if waterlogging is to be
avoided. If the leaching requirement for salinity control proves to be less than
the normal irrigation losses, then the latter and not the former should be used in
caleculating the required field drainage system. Seepage from outside, if it exists,
should be added to this,

In cases where irrigation water of high salinity is used, the leaching
requirement for salt balance will be much higher than the normal field irrigation
logses. In such circumstances, drainage facilities should be able to handle the
leaching requirement plus seepage from outside, if any. The Qatif Casis Project
in north-east Saudi Arabia could be mentioned as an example of this. The average
salinity of irrigation water is about 3.5 mmhos/cm and with the assumption of a
salt balance at a level of salinity in the drainage water at 5.5 mmhos/em, thea
leacliing requirement will amount to about &0% of the net irrigation requirement,
i.e. the consumptive use of the crops. The estimated consumptive use during the
peak demand period is about 8.0 mm/day. This means a leaching requirement of about
5.0 mm/day and a total gross irrigation requirement of 13.0 mm/day. Seepage from
outside the area has to be added to the leaching requirement to obtain the
required drainage runoff. The amount of seepage from outside the farm was found
to vary from 7.0 to O mm/day, depending upon the distance from the farm boundary.
If 4 mm/day is taken as an average figure for seepage, the drainage factor will
amount to about 9 mm/day. This is equivalent to about 70% of the total gross
irrigation requirement.



4.5
4.5.1

4.5.2

WATER MANAGEMENT TO ACHEIEVE SALT BALANCE

Leaching Practices

Under saline conditions or in areas where a potential danger exists from
salinization, as is the case in most of the irrigated projects of the Near East,
criteria must be gelected to determine the level to which salinity may be allowed
to increase during the growing pericd. Especially where water is scarce or
expensive, leaching practices should be designed to maximise crop production per
unit volume of water applied for irrigation and leaching.

It has been shown that, except where the salt is concentrated at the bottom of
the rooting zone, the greatest amount of water is conserved when the practice of
periodic leaching is followed rather than maintaining a salt balance by a regular
application of extra water. Moreover, better results are obtained by leaching the
salts with alternate ponding and drainage than by continuocus ponding, also
considerably less water is needed. In the case of low infiltration rates, it is
advisable wherever possible to postpone leaching until after cropping.

Irrigation Methods

In general, irrigation methods and practices whieh provide uniformity of
application and downward movement of water through soils favour salinity control.
Consequently, furrow irrigation muet be practised with considerable care,
particularly during the germination stage.

Fewer problems are sncountered with basin and border irrigation. It has
proved benefieial to rotate crops irrigated by furrows with crops irrigated by the
border method. Land levelling and especiamlly land maintenance are sssential to
both furrow and border irrigation. The basin method provides better control of
the depths of water applied and greater uniformity in application than the border
and furrow methods.

Sprinkler irrigation ensures a close control of the depth of water applied
and, when properly used, results in uniform distribution. However, sprinkler
irrigation with saline water can cause appreciable damage due to burning of the
foliage and defoliation. In the Netherlanda, the upper limit of the salt content
of water used for sprinkler irrigation ranges from 1 000 tc¢ 1 500 ppm. Foliar
absorption of salte can severely restrict the use of even good quality water for
sprinkler irrigation of some fruit crops (citrus). Night sprinkling has proved
advantageous in a number of caees; also, the moving of laterals with the main wind
direction may result in better waghing of the galts from the leaves. Work in
Tunisia has shown that crops irrigated by sprinkling had higher sodium and caloium
contents than those irrigated by surface irrigation. This grester sodium and caleoium
absorption by the leaves, as well as by the roots, together with a decreasing
abgorption of the potassium may lead to too early maturity, stunted growth and
consequently, to a decline in yield.

DIrip irrigation has provided good results even when using highly saline water
owing to the low moisture tension level in the soil maintained throughout the
growing season. Due to the continuous supply of water, the high salt concentration,
which would hawve built up with conventional irrigation by the time the irrigation
date approached, is avoided. However, with this method of irrigation, salis are
concentrated in the soll surface and at the edges of the wetted area, but plant
roots appear to be concentrated in the wetted area where the salt content is
minimal. However, in the case of annual crops, after harvest, lecaching is
required to lower the salt content in the soil before sowing the new crop.
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4.6

4.6.1

4e6.2

Water Supply

Inadequate water supply is causing soil salinity problems in many projects,
For instance in West Pakistan and in ihe Euphrates Valley in Syria and Irag, where
farmers try to irrigate too much land in relation to the water supply. If the
irrigation water is already of poor guality, scil salinization will develop very
quickly. The use of tubewells in Pakistan, where good to medium guality underground
water was mixed with the surface irrigation water, improved drainage conditione and
there was more water available for leaching purposes.

Reducing the irrigated area and changing the cropping pattern by selecting
erops which are drought tolerant, have a short growing psriod, grow at a certain
time of the year when the evapotranspiration potential is low, or are more salt
tolerant, would result in a lower irrigation demand.

On the other hand, over supply of irrigation water, which may ccour in
surface irrigation of sandy soils, is indirectly responsible for waterlogging
problems and soil asalinigzation., The lining of canals or the replacement of open
channele by pipes significantly reduces seepage losses and consequently salinity
and waterlogging.

EXAMPLEE FROM THE BEECION OF THE USE OF VARIOUS QUALITY WATERS TO
IRRIGATE SANDY SO0ILS

Bahrain

The soils of Bahrain are relatively shallow sandy soils overlying bedrocks,
which are affected by malinity and waterlogging. The water available for irrigation
is from groundwater with a salt content of 2 000 ppm or more (3 mmhos/cm or more),
Waterlogging is caused by eycessive losses of irrigation water on these wvery
permeable sandy scils and also by the drilling of artesian wells with no proper
casing. Natural drainage conditione are also poor due to flat fopography and low
elevation of ground surface in relation to the surrounding sea level. The depth
of the water—table varies from 30 to 150 om below the ground surfaca,

& wvary limited range of ocrope is grown on a gommercial soale because of the
high salinity both in irrigation water and =0ils and because of waterlogging.
Beside date palms, which ocoupy more than £5% of the cultivated area, wintar
vegetables and alfalfa are the most important crope raised in the islands,. The
crops are usually grown in small basine and the practice is to irrigate once every
3 or 4 days in winter and once every 1 or 2 days in the summer.

Kuwait

Interesting work on the development of irrigated agriculture is taking place
both in the north of the country (Al Abdali area) and in the south (Al Wafrah area)
on local saline underground water, In Al Abdali the salt content of the irrigation
water varies from 2 000 to & 000 ppm. The goils are shallow and sandy overlying
gypeiferous soils. Tomatoes, onions, garlie and water melons are grown. Shifting
cultivation is being prantised as the soils bhecome saline after one or two seasons
of eultivation. Irrigation is carried out twice daily during the hot season,
Groundwater is 20 m daaep.

At Al Wafra, the irrigation water is even worse than at Al Abdali as the salt
content varieas from 4 Q00 to 8 Q00 ppm, but the soils are desp, very permeahble
sandy ones. Groundwater is 10 to 20 m deep. Alfalfa, tomatoes, carrots and leafy
vegetable sropa like celery, mint and spinach, are grown. Shifting cultivation is
not practised. As in Al Abdali, small basinz are used and irrigation is carried
out twice a day in summer and onee daily in winter.
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4.6.4

4.6.5

On deep sandy scils at Al Jahra, just north of Kuwait, a farm is using local
groundwater of about 10 000 ppm and producing leafy vegetables such as spinach,
celery, malvacea and alfalfa.

Lihyan Arab Republic

Very highly saline underground waier with a salt content as high as 15 000 ppm
ig being used in the Tagora area on the coastal plein about 20 km east of Tripoll.
Late palme, pomegranates, alfalfa, tobacco and winter vegetables, mainly tomatoes,
are grown on desp very permeable sandy soils. The water—table is about 20 m deep.
The local rainfall is about 350 mm which helps greatly in leaching the =alts,
However, salinity in the irrigation water is inereasing because of the changs from
hand dug wells and manual 1ifding to deep drilled wells with mechanical lifting
devices, The salinity in the soils is also increasing and a gradual detericration
is taking place in gardens that were once prosperous.

In the Kufrah area, deep in the desert in the south-sast of the country, a
very ambiticus sheep production scheme is being developed. At present, about
1 300 ha is under forage and grain production, but it i= propossd to expand this
area to 10 000 ha. The soils are deep sandy soils, irrigated by sprinkiing.
However, the irrigation water is a fossil water with a very low salt content {less
than 100 ppm), which is creating nutrient problems as several elements have to be
added beside the usual three major elements, i.e. nitrogen, phosphorus and
potassium,

Saudi Arabia

In the Qatif area on the east coast, light sandy soils with a high salt and
gypsum content (up to 409 gypsum) have bean reclaimed through leaching and drainage.
The available water for irrigation is underground water with a salt content of about
3.5 mmhusjum {2 500 ppm). High yields of vegetables such as tomatoess, cabbages,
cauliflowers and oniens are produced. Wheat, alfalfa and sugarbeet are also grown.
Fifty tons of chicken manure/ha are regquired to start plant Zrowth,

In the Al Hagea Oasis & total gross area of about 20 000 ha (about 10 000 ha
is now under cultivation) is provided with irrigation and drainage systems.
Irrigation water of 2.5 mmhos/cm (1 750 ppm) is being used. Date palms, food
crops and alfalfa are grown with success. Citrus crchards have also been
established, but not too successfully. Owing to an impermeable marly layer at
1 te 2 m depth below the good permeable top soil of leoamy sand and sandy 1oam,
waterlogging i=s a sericus problem. The exizting drains at 150 m spacing are not
gufficient to control the salinity and wWwater balances in the moils. Once the
required drainage facilities are provided, successful agriculture could be
maintained with the use of relatively saline irrigation water, as mentioned above,

United Arab Emirates

Very esaline groundwater up to 17.0 mmhosfcm (more than 10 000 ppm) has been
used to establish TOO ha of foreet plantations on deep sandy soils with an
undulating topography in Abu Dhebi State. Drip irrigation, the only practieal
method under the local conditions, is being used, After I years of establishment
the trees of different species, such as tamarix, Prosopis sp., casuarina, sucalyptus,
acacia and Zizyphus spina christi, are doing rather well. However, some mortality
has been observed recently at locations with groundwater of excessive salinity.
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On the east coast in the Al Saaf ares, groundwater with a salinity of 3 000 to
5 000 ppm (4.5 te 7.0 mmhos/em) is being used for the production of winter vegatables,
mainly tomatoes, on light to medium textured scils. However, the land has to be
abandoned after 3 to 4 seasons of cultivation because of the scoumulation of salts
in the soil profile. No waterlogging problem exists in the ares. Sometimas, after
years of heavy rainfall, abandoned lands may be put under cultivation again due to
the leaching of salts from the upper part of the soil profile,

Temen Arab Republic

4t Jumeisha Farm in Tihama area the problem is not salinity, but high
temperature and high nitrogen eontent of the groundwater which is available for
irrigation. The temperature of the irrigation water is about 3000 and the nitrogen
content is 120 to 300 ppm of nitrate. Such a high nitrogen content is good for the
production of fodder erops and leafy vegetables but it induces excessive vegetative
growth in grains, fibre cropse and oil seeds. The extent to whiech this high
temperature of the irrigation water affects the crop yields needs to be investigated,
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REDUGTION 1IN CONVEYANCE LO3SES IN BSANDY S0ILS
by

I, B. Kraats
Hydraulic Engineesr
Water Resources and Development Service
Land and Water Development Divisgion

SUMMARY

A more economical use of water hes become a dootrine in many countries., The
extent to which this doctrine can or should be translated into action depends on
available resources, socio-sconomic conditions and technological development. The
economical use of water thus is a variable requiring eontinuous review and adaptation.
This paper tries fo cutline the main factors governing efficient water conveyance,
particularly in relation to sandy soils, and to relate these factors io each other.

Water conveyance losses in most gravity flow irrigation systems constitute
a very congiderable percentage of total available water resources. A resent survey
revealed that even in projects which could be considered to perform well conveyance
efficiency was only 60 percent or less. A close look at the causes of these lomses
shows that there is a great potential for improvement, Conveyance losses may result
from seepage, leakage through structures, epill=s due to poor operation of gates and
turnoute, evaporation, consumption by weeds and overdelivery due to faulty water
meagurenant.

Efficient conveyanoe requires adeguate and properly built structures, but more
often is dependent on efficient operation and maintenance. The manual operation of
larga systems naturally inherits defioiencies which may only be overcome by
mechanization or automation. If because of changes in delivery practices or an
increase in the irrigated area larger capacities have to ba conveyed in an already
exiating system, the introduction of modern technological means such as centralized
electroniec control of gate operation may be the only way of avoiding coatly
reconstruction of the existing network.

Perhaps the greatest and most common loss in conveyance is through canal
seepage. This can always hbe controlled by some form of lining, but lining should
be subject to economical feasibility. A well installed and maintained lining, such
as concrete, brick or ¢overed membrane, should not lose more than 30 ll,.-"rm2 of watted
perimeter per day. In sandy soils a scil-cement lining may be an economical
aolution having a low initial cost although a short serviceable life.

The use of pipelines for water conveyance should be congidered as an alternative
to open lined canal networks, especially in the terminal portion of networks where
diameters are small btut total lengths of conveyance are high, and where other
advantages of pipes such as redused interference with mechanized farming and saving
of produetive land are important.

REDUCTICN IN CONVETANCE LOSSES 1IN SANDY SOILS

It is common in gravity irrigation systeme for large amcunts of irrigation
water to be lost in conveyance bafore reaching the point of use. TYet, is it justified
to spend millions of dollars on canal lining, pipe distribution or sophisticated
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control systems to reecover perhaps only enough water to irrigate s few hundred
additional hectares of land? And will the anticipated water savings really be
made? Is not the self-sealing effect of water sufficient to reduce seepage, in
time, to a bearable degree? Is not an egual or even larger percentage of total
flow wasted by inefficient application of water on the field? Would it therefore
not have more effect to concentrate sll efforts on improving water use efficiency
at the field level and by so doing not only save weter but simultanecusly increase
productivity on existing lands? Or could the investment required for efficient
conveyance not be better made in development of additional water rescurces, such
as groundwater? The answers to these gmestions naturally depend on individual
ciroumstances but a few facts should be noted. In many irrigation systems, records
which would permit an estimate of conveyance losses do not exist and there is a
general tendency to underestimate them, as a recent as yet unpublished ICID world
survey indicated. It was found that in about 60 projects surveyed, conveyance
efficiency was only 60 percent or less, although most of the projecis were
considersd to be performing quite well, Although field application efficiency has
improved in recent irrigation projects, progress in most traditional gravity flow
systems is slow, The number of cultivators is often too great in compariscn with
available funds and skills to introduce improved methods; traditional praciices -
reliog from times when water was more abundant — are difficult to remove. Yei in
most irrigated areas the strass on available resources will continue to increase.
Higher peak demands due to more intensive agriculture and, socially, a trend towards
more liberal delivery methods will have to be met.

This having been said, it is indeed of paramouni importance to examine the
various means of increasing the efficiency of water transfer betiween scurce and
user and to consider all the means of today's technology in designing new systems
and remodelling traditional ones =0 as to minimize losses, This is valid for most
systems and locations, but is amplified in areas with sandy soils.

Sandy soils usually have a restricted suitability for agricultural production.
Yet in some areas of the Near Eagt Hegion, irrigation hes to expand into sandy soil
areas., Examples are found in the Arab Republic of Egypt along the Nile and coastal
areas west of the Delta, in the Sudan, in many wadis of the Arabian Peninsula and in
some coastal areas of the region.

Particulars of Sandy Soils to be considered in relation to Water Conveyance

In this paper sandy soils are discussed in relation to their engineering
properties. The agronomic term of sandy soils is used as a cover for variocus
coarse-textured soils. The most significant characteristics, as detailed in Table 1,
are high hydraulic conductivity, low hydraulic and aeoclsan erosion resistance and
flat gradient of stable slopes. Another Tagtor to be bornme in mind is the
guitability of sandy soils as an aggregate for concreta.

Corresponding features to be considered in relation to efficient water
conveyancea are:

lining of canals and resesrvoirs;

water distribution in covered pipe systems;

- proper control structures and efficient operation ineluding water
measurement;

— wind sheltering and sand gtabilising measures along canals.

The relative importance of the wvarious factors influeneing conveyance losses
ig diffieult to estimate beceuse they can hardly be separated in measurements. An
attempt in this respect is reported from Australia {(Nelson, 1966). In summary,
field tests on three distribution canalse resulted in the following relationships,
expressed as percentages of total inflow into the canals:



- ghannel filling, evaporation and unidentified losses: 1%

- leakage through outlets and spill due to poor operation: 144
— over—delivery due to faulty water measurement: o
- seespage! 154
- recorded deliveries: 514

Similar siudies conducted by the writer in Oreece revealed greater seepage
losases than operational ones, the total averaging 507 but the individual percentages
being very scattersd. The scarce information avallable demonstrates that conveyance
losses are composite and as such need to be tackled from different anglas.

Table 1 HYDRAULIC PROPERTIES OF SOME SCILS

r Nature of soil Convayance losses Permissive (non- Safe side slope
forming the in canals erogive)velocity for unlined canals
canal bed m> per m? of wetted m/sec horizontal :vertical

perimeter per day

Gravelly and sandy 0,60 — 0.75 2.0 - 0.75 3 o
|
| Sandy 0.45 - 0.55 0.30 - 0.75 3 &
|
Sandy loam (elayey
sandy soil) 0.30 - 0.45 0.75 = 0,90 2 1
Loam to olay loam 0.14 - 0.22 0.85 = 1.10 1:1
lUncemented gravels = 0.90 1.20 - 1.80 1i-2: 1
Conglomerates, y
stiff clay <0.10 =1.80 < 0.75 : 1

I2ID, 1972 and Kraatz, 1971

1.3 Increasing Conveyance Tfficiency by Operational Means

Water measurement is an important requisite which is often badly neglected.
Control structures are obligatory in irrigation conveyance from the very outset but
meaguring devices are not and onee a project has become operational their
installation is difficult and even more costly. Installation is only one side
af the problem; the other is correct operation and maintenance whieh ie often a
question of availability of trained ataff. Projeet financing should provide for
both the installation of water measurement systems and training for their proper
oparation. In most conventional rotation systems it may not be feasible to provids
all farm outlets with measuring deviees but in order to improve scheduling and
delivery of adequate water volumes a faw representative outlets should be properly
agquipped. Often, existing farm outlets can be used as measuring devices with
little or no modifieation if they are properly calibrated. This eventually reguires
a geries of field trials sometimes supplemented by hydraulie laboratory research.

The proper sealing of gates has a great saving effect in comparison with
extra cost. Materials are now available which make slide gates permansntly
watertight. One sush material i=s an extruded neoprene plastie strip. Strips may be
fitted inte concrete irrigation structures formed on site, or incorporated inte
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prefabrieated eoncrete or metal, GBxisting structures can ba readily remodelled to
incorporate guide and sill strips. Thie is btut one example of structural improvement
for better flow control.

Remote control and automation of conveyence and delivery are an important
means of making water econcmies. A distinction should be made between automatiec
control of headworks and conveyance networks on the one nhand, and automation at the
farm level on the other. The latter is as yet implemented on a very limited scale
and is Teasible only where both water and labour saving are determining factors. 4
question of coneiderable current interest with regard to automation is the modificatic
of strictly rotational systems ‘o more demand oriented ones. Frobably the first step
towards this goal i= to subsiitute the non-stop delivery system with only daytime
delivery. The main probiem to be solved hare is how to provide for the larger
capacities required whilst minimizing modification of existing civil engineerine
works for economic reasons. This requires reconsideration of ewisting saleguards
with a view to increasing water levels and velocities, i.e. capacity and reduction
of egpill and other losses, especially in the terminal portion of the syatem. In
ather words, an elaboraticon of the entire physical as well as the organizational
gyetem is required, which can only bte aceomplished with some form of automation or

"t&untrdl..—uufre'r;t—ﬁwélqpme#&a ot ’H"fﬂ-‘f&&hniqueiln‘-ﬁﬂmﬁrcouhtﬁi%E u‘pah ‘good:
.prospects for imprﬂvement of nxiatiax as well as new . 1“r1gﬁt10n sys*ema. Tha chief
‘advantage is. that the unmp-tar can 1nd1cata in. a very. short time the most’ auttahle
gate operation. It can also be ‘arrabged for thé computer itself to initiate these
operations automatically on the basis of simul tameous knowledge of levels and flows
at all crucial points of a canal network. Thus canal volumes can be reduced to a
minimum which, in areas of highly permeable =oils, has the added advantage of
reducing seepage losses. Likewise, maximum water levels need not be constantly
maintained when flow demands are small., Such advanced control systems are currently
in operation or planned in several projects throughout the world, The project for
hydro—agricultural development in Southern Lebanon may be mentioned as an example
for the region.

Lining of Canals

The decision on whether or net to line a canal depends essentially upon the
permeability of the so0il in which the canal is to be excavated. In many practical
cages thie decision can be reached from visual observations of the =oil, provided
that it is of a type which is obviously very pervious or impervious. When
permeability is in doubt the decision may be reached either by applying comparative
seepage data, by performing seepage tests in rearby canals or by calculating
seepage, 3Seepage calculatior nas been considerably facilitated by the graphical
solution derived from electric analogy by Bouwer (196%9}. An explanation of the
application of the method is given in the appendix to this paper, Further data
required prior to deciding on whnether or not to line include the amount af water
wiiich can be expected to ke saved by lining and the unit value of the water. As
a rule of thumb, a properly lined canal should not lose more than 30 1/ per day
(compare with Table 1). With this information, the annual savings and the annual
cost of lining can be compared. ZSventually, otner benefits derived from lining
such as erosion protection, prevention of wazerlogging, asmaller cross section, less
6llting; guicker response io demands, greater safety, =ic., can be taken into
agpount. In areas of instable solile lining for eroeion protection ie often more
important than reducing seepage.



5.1.5 Choige of Type of Lining

There iz hardly any material which has not been used for lining canals. A
general subdivision can be made into hard surface, membrane and eartn linings. The
latter type is of little interest in regard to sandy soils saince it requires cohesive
and impermeable soils such as loams which are usually not available within economiocal
hauling distance. When considering membrane lining attention must be paid to the
fact that they must be coverad and the cover material should be stable. Where both
sand and gravel are available nearby, a plastic membranes with a sand-gravel cover
may be a feasible lining for reservoirs and large canals when fencing and periodie
inspection is provided, In sandy scil areas, unreinforoed concreta is usually the
moat economical material for any size of canal in view of its long serviceable 1ife
{40 years and more}. In two pilet farms in the People's Republic of Yemen it was
recently found that lining supply ditohes wWith concrete was more economical than
covered PVC membrane. The use of reinforsing in concrete is not justified except
when failure would endanger life or property other than the canal itself.

However, concrete lining is expensive in initial cost and a cheaper and less
durable type, such as soil-cement lining, may have to be selected. Since sandy soil
ia the basic ingredient (up to 95%) of moil-cement lining, it merits some attention
in thie paper. GSoil—cement linings are constructed with mixtures of sandy soil,
cement and water, all of which hardens to a concrete-like material., For the
congtruction of soil-cemant lininge two general methods are in use: the dry-mix
and the plastic-mix.

The dry-mix soil-cement, which ie also called standard soil-cement or compacted
goil-cement, is commonly mixed in place and compacted with the moisture content of the
mix at or just above the optimum as determined by the Proctor test. Lining thick-
nesses commonly applied are 7.5 to 15 em. This lining ie constructed by placing bags
of cement at predetermined intervals on the botiom and sides of the canal or reservoir;
the bags are broken and the cement distributed to a uniform depth by hand-raking or by
mechanical cement spreaders. While the cement ig being mixed intec the zoil, water is
added simul taneously to the mixture from a tank truck or hose. After the cement and
soil have been thoroughly mixed and the moisture content judged correct {e.g. by the
"hand squeeze" method)}, the mixture is compacted by rubber—tyred road compactors or
heavily loaded trucks., Mixing in place with travelling mixing mashines has proved
satisfactory on slopes not steeper than 4 to 1. For economic reamsons sideslopas of
irrigation canals normally have to 9e muchk stesper so that mixing in place as well as
compaction must be done manually.,

The durability and watertighiness of the dry-mix soil-cement lining is
essentially dependeni upon the soil used. Although other scils can be considered,
laboratery tests indicate that, for ease of mixing and placing and a low cement content,
the soil should be a well-graded, sandy, gravelly material. If the soil is poorly
graded or lacking in fine material, the cement content should be higher, which also
increases the cost. OSince soils excavated from the canal are not necessarily the most
sultable, others located within a reasonable hauling distance may be used, In general,
a well-graded mixture of gravel, ooarse sand and fine sand either with or without
emall amounte of silt and oclay material will require 5 percent of cement by weight.
Poorly graded one-size sand materials with a very small amount of non-plamtic silt,
typiecal of desert blow sand, will require about 9 percent. The non-plastic or
moderately plastic silty soils generally require about 10 percent, The usae of one
of the available testing procedures (Kraatz, 1571 and Cyprus, 1$72) is recommended
to determine the required cement content. Dry-mix soil-cement compaction should be
completed within one hour after the soil-cement is spread., The moisture content of
the material must be at or very near optimum when compaction beging. Compaction must
be sufficient to obtain specified density. At the start of the project, in-place
density tests are made of compacted soil-cement., From these tests the reguired number
of passes of each type of compaction equipment can be assertained. After the dry-mix
soil—cement mixture has been compacted to the minimum density, curing
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ahould start immediately. Proper curing is just as important with soil-cement as
it is with concrete. Imprcper or no curing can result in exceseive shrinkage
cracking, reduced durability, increased permeability and lower sirength. Jointa
are not provided in dry-mix soil-cement linings,

Plastic scil-cement has higher water and cement contents than dry-mix soil-
cament and a consistence comparable to that of concrete used for slipform lining.
The scil is mixed with cement and water in a paver or mixer travelling along the
canal, or in s stationary plant, The mix is then poured by hand or by =lipform
on to the subgrade to produce the lining similar to conrete linings. Lining
thicknesses range from 7.5 to 15 em. It is recommended that joints similar to
concrete linings be provided. Caement reguirements are about ihe mame as for dry-
mix seil-cement.

Covered Fipe as an Alternative io Lined Cpen Channels

YWe will only touch on low pressure pipe distribution systems here. High
pressure pipe (up to 7 atm and more) is used exclusively in conjunction with over—
nead or trickle irrigation, which are discussed in a separate paper, Conveyance
under high pressure, despite its merits in relation to demand delivery and water
saving, is not economical for gravity flow irrigation, which accounts for more than
50 percent of total irrigation in the region. In gravity irrigstion, water is often
conveyed in open canals and is distributed inside the irrigation ar=a by low pressure
pipe networks. Pipe is frequently also used where water is pumped from a stream,

a well field or for a farm distribution system from a single well.

The best conditions in the region for the use of low pressure pipe instead of
conventional lined channels are probably found in small groundwater irrigation
schemes, in areas of irregular topography and where canal sgilting from windblown
sands is a problem. A detailed comparison of the coste and benefits of both open
canala {or flumes) and pipe is warranted in most such cases. The lowest total annual
cogt over the expected useful 1lile of the system will determine the most economical
choice.

Benefits to be considered in addition to those of lining canals are water
gaving by eliminating evaporation, better water management, little maintenance,
better weed and insect control, reduced length of conveyance, reduced interferance
with mechanized farming, and saving of labour end of preductive lend. The latter
two benefits, however, may not be of great significance in the region, where arable
land is usually not the limiting factor and labour is inexpensive. DJue to the
importance of the detpils of correct design and installation, pipe systems should be
handled by an experiesced engineer and a field crew thoroughly accustomed to the work.
Helevant skills and experience may often be obtained from sources desling with
domestic water supply and sanitary public works, A provlem not to be overlooked is
pipe failure and the difficulty to detect and repair as they occur failures owing to
chemical deterioration ineluding corrosion, tension caused by rapid temperature
and moisture changes, wWater hammer elfects, seismic activities or poor workmanship.
Once a pipe is installed, modifications are more difficult than on open systems.
Water losses in pipelines are difficult to evalua*e. A design value of 1 m? per
hour per xm per m of internal diameter is freguently adopied for major pipeline
conveyance syshtems.

Precast unreinforced concrete and asbestos cement are the most commonly used
matarials, but plastics are becoming more and more competitive., In the U.S.A.,
jointless in gitu concrete pipe is widely used; slipforms are commercially available.



The Paphos Irrigation Projeet (Cyprus, 1972) mar be taken as a case gtudy for
the region, where low to medium pressure asbestos pipe will be inetalled both on part
of the oonveyance system (20 km) and for the distribution network on about 1 060 ha
of surface irrigated land with fragmented smallholdings. 1In the conveyance system,
preference was given to a pipeline for operational reasons (24 hours operation with
night storage)., For the distribution network, low pressure asbestos pipe and precast
conorete canaletti were found to be similar in ccet but buried pipe was preferred in
view of its advantage in reducing headlands and interference with mechanized
operations. The estimated cost for the installaticn of main conveyance pipelines
ranges from 314 per running m for 350 mm pipe to §70 per m for 1 OCO mm pipe. The
cost for the distribution pipe network is estimated at 5950 per ha. The replacement
period for the pipe has been estimated at 30 years.
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APPENDIX

Graphical meihcd for caleulating seepags from canals

The practical apsiication of Bouwer's graphical solutions (1969) for predicting

seepage rates for a given canal imply that the followlng factors governing the flow
syaten be known:

- kydiraulie conductivity (K) of the subsoil
- geometry of the camal
- position of the groundwater table

According to Houvwer, there are thres basie conditions to which the multitude of
natural profiles of 9eil hydraulic conductivity can be reduced for theoretical
treatment of seepage flow systens:

Condition A: The 30il in which the ckannel is embedded is uniform and
underlain by more permeable {oansid&red as infinitely
permeable)l material.

Tomndition B Tne soil in whieh the channel is embedded is uniform and
underlain by less permeable (considerad as impermeable)
wzaterial .

Condition 2: The soil in which the channel is embedded is of muck lower

hydraulic conductivity than the orizinal soil for a relatively
short distance normal to the chanrel perimeter {clagged goil,
semi-permeatle liningza).

The case of seepage to a2 free draining permeable layer in the subsoil is s
special case of condition 4, and i4 is obtained by allowing the water table to be at
or below the top of the permeable material, This condition is lahelled A'.

"he studies of canal seepage by resistance network analopgue included analyses
under the conditions A, B and A'. The gecmetry and eymbcls for canals under thesge
three conditions are shown in Fig. 1.

Dw ia the head, which affects the zeepage flow. For conditions A and B this
is equal to the vertical distance between the fres water surface and the horizontal
water table. In the analozue tha horizontal water table was simulated at a
horizontal distance (L} of 10 times the bottom width (Wb) Trom the canal centre,
For condition &', the effective Dw walue is egual to Hw + Dp, although the actual
depth of the water table may be greater than Hw + Dp. The analyses were performed
for trapezoidal canals with 1:1 side glopes (p€) and three different water depths
(expressed as w/Wb). The graphical molutions resulting from the resistance
network analogue are shown in Figures 2, 3 and 4.

Use of the graphs

The dimensionless value Ia/k can be obtained from the graphs. From thie the
seepage rate q par metre canal per day is computed by using the expression:

1s
q = K . K . We

To apply the graphs to canals of other shapes, Wb is computed from the actual
values cf Ws and ilw as if the canal were trapezoidal with 1:1 sgide slope, or the
croegs seciion can be replaced by the best-fitting trapezoidal cross section with
1:1 s1de slope.



In practice, fthe underlying soil material is treated aas "permeable" if its K
values is 10 times greater than the ¥ wvalue of the soll above (Condition 4).
bocordingly, the state of impermeable floor can be presumed if the hydraulie
conductivity of the material is 10 times less than for the soil above (Condition B).

It can be seen from the graphs that the influence of the permeable layer
(Condition A) on the seepage rate becomes rather small when it is more than 5 times
the bottom width (Wb} below the canal, The closer to the canal bottom the permeable

layer lies, the higher is the seepage rate. The rate alsoc increases with an increase
in the watertable depth (Dw).

For Condition A' it is seen that the seepage rate remains almost constant for
& wide ramge of depths of the permeable layer ( = effective head Dw)., When this
depth becomes less than 3 times the canal depth (Hw) the seepage rate increases
rapidly.

For Condition B it is evident that the impermeable flcor hasz a significant
effect on seepage only if its distance below the canal (Di) is less than 5 times
the bottom width of the canal (Wb).

The following example may illustrate the use of the graphs:

Given: The soll in which the canal is embedded is a sandy loam which oan
be congidered uniform. The mean hydraulic conductivity K = 0.50 m
per day. This soil is underlain by at least 10 times less permeahble
(conmidered as impermeable) material, Thus Condition B is given.

Aw = 0.75 m Di = 5,00 m

Wb = 1.00 m Iw = 2.00 m {a%t distance 10 , Wb from canal
centre)

Mg = 2.50m
Side slope 1:1

From this: Di/Wb = 5:1 = 5§
]:I‘W;'f\';'h = 2:11 = 2
Hw/Wb = 0.75:1 = 0.75
which, using Fig. 2 gives: Ig/K = 0.58
q = % « K o Ws = 015'5 - 015':' - 2-5':‘ = D.T:ﬁ ]'I:I3 par Tﬂfﬂanal per dw

conclusive remarks

A difficult aspect of calculating seepage via an analysis of the underground
flow system is the proper evaluation of the soil hydraulic condustivity, .
Measurement of K should be done at different soil depths to a digtance of at least
five channel-bottom widths (for trapezocidal channels with 1:1 side slopea) below the
channel bottom, or until much more, or much less, permeable material than that
immediately below the channel is reached. The various field techniques for
measuring K, either below or in the absence of a watertable, are reviewed, Kraatez
(1971) and "Planning and interpreting soil permeability (1969), J. Irrigation and
Drainage Div. ASCE. Because sedimentation and other "aging" processes causing
reduced seepage rates are not taken inte account, the seepage rates evaluated with
the above method should be coneidered ae the maximum that can be expected. Such
rates may occur when the canal beging cperating or after it has been cleaned,
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IRRIGATION OF GSANDY GSOILS

by

J« P. Baudelairs
Irrigation Sciences Officer
Water Hesources and Development Service
Land and Water Development Division
FAC, Rome,

SUMMARY

In irrigation development projects invelving sandy soils the irrigation metheod
must be considered very carefully. This paper proposes the best irrigation technigues
but even with these the risks of low irrigation efficiencies remain. It is therefore
vary important that farmers be well informed on special irrigation techniques through
a suitable educational programme.

In this paper an analysiz is made of the physical characteristics and water-
soil relationships of sandy soils, and the various irrigation methods reviewed with
recommendations given as to proper water management at field level.

Two important characteristics of sandy soils are their coarse texture and high
rate of hydraulic condustivity. An understanding of these characteristics is
necessary for the design and operation of farm irrigation systems. These character-
istics control the determination of the type of farm irrigation system to design,
the size of design, the amount of water necessary for proper utilization of the system
and the frequency and am-unt of irrigation.

In general surface irrigation methode are not the most suitable for sandy sollse
whether by basin, border or furrow. The high permeability and the low water storage
capacity make it very difficult to apply the correct amounts of water. Irrigation
of sandy soils may lead to water wastage by deep percolation and low irrigation
efficiencies of less than 50 percent., Moreover the yield of crops may alsc be
affected by bad uniformity application. The lowest parts of fields often do not
receive enough water to meet their requirements whereas the upper parts are generally
over-irrigated. Nutrients are carricd away and micro-elements are frequently lacking.
Usually, under normal conditions, surface irrigation methods are not recormended for
sandy soils.

Nevertheless there exist special cases when these negative aspects may become
useful to crops. This is particularly true for irrigation with brackish water where
the excess salts brought by the irrigation water are rapidly leached out of the
rootzone. MNo special on-farm measures such as drainage systems may be needed.

Despite what has been said, the irrigation of sandy scils is scmetimes
inevitable because good arable lands are lacking.

Sprinkler irrigation has built-in features which make it particularly well
adapted to sandy soils. Transport of water is by pressure pipes and water losses are

low, But perhaps the most interesting feature of sprinkler irrigation is its ability

to apply small volumes of water with a very good distribution pattern. Matching water
applications to soil water holding capacities is neo longer a consiraint. Deep water
percolation can therefore be controlled to the strict minimum admissible by the method.
Furthermore the size of the plots or the depth of the crops have no influence on the
application efficiency and crope of any type, deep or shallow-rooted, broadcast or
planted in rowa, can be irrigated with equal success.
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Drip irrigation is one of the latest irrigation methods to be developed.
Although it had been known for many years it was only used in very special casea by
some horticulturists and nursery gardeners. Its application at the farm level became
possible by the extensive use of polyethylene plastics in manufacturing the various
components of the egquipment. Thie has reduced its coet which, although rather high,
is now acceptable for some crops. Trickle irrigation really started in agriculture
less than 10 years ago. The real sucgess of this new method is based on a certain
number of advantages which are claimed by the enthusiastic promoters of the method:
water saving, higher yields, utilization of brackish waters, manual labour extremely
reduced, decreases in diseases, weed control, etc. In fact most of these promising
ragults have been obtained in experimental conditione by highly qualified specialista.
Comparative field trials are still too few to say in what proportion these advantages
are applicable to large scale irrigation. The method ia etill in its initial stages
and many developments are expected in the near future.

A well designed irrigation scheme may not yield the expected returns if water
iz not managed in the proper way by farmers. This may be even more true in the case
of sandy soils for which irrigation muet be handled with special care. The human
aspect is often unduly disregarded during the planning period whereas it plays a
decisive part during the whole lifetime of a project. It is therefore neceesary to
provide these farmers with the minimum knowledge that they need so badly. This of
course can only be done by an intensive education programme of demonstrations,
advice, rewards, etc., carried out by a well organized extension service. The
extension workers to be efficient should receive special training in the irrigation
of sandy soils based on a very good knowledge of the local =cil conditions.

INTRODUCTION

In irrigation development projects involving sandy soils the irrigation method
must be considered very carefully. This paper proposes the best irrigation techniques
but even with these the risks of low irrigation efficiencies remain. It is therefore
very important that farmers be well informed on the special irrigation techniques
through a suitable educational programme.

In this paper an analysis is made of the physical characteristics and water-
s0il relationships of sandy soils, and the various irrigation methods reviewsd with
recommendations given as to proper water management at field level.

WATER=-SOIL RELATIONZHIPS OF SANDY GS0CILS

Two well known physical features of sandy soils are their coarse texture and
their high rate of permeability. Other features that play an important part in
irrigation are the pore space, the bulk density and the water content.

Texture

The distribution of the soil particles according to their size is called the
texture. Sand is usually defined as particles having a diameter between C.05 and
1.00 mm., If the amount of particles within this range is greater than 50 percent
the soil iz =said to be sandy. According to the exact percentages of sand and
other particles contained in a sandy soil its texture will vary from sandy—clay to
coarge sand. The texture of sandy scils has a very important influence om the
infiltration rate, the water holding capacity and consequently on its value for
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irrigation. Since, generally, the more loam and clay contained in the soil the
better it will be for irrigation, a mechanical analysis is a necessary tool for soil
clagsification., Coarse soils are easily e¢roded by running water which is one of the
obgtacles to successful surface irrigation.

Infiltration HRate

The infiltration rate ie the velocity at which water percolates into a seil
and usually decresses the longer water ie in contact with the soil. It will reach
a relatively steady wvalue egual to the permeability or hydraulic conductivity of
water through the soil. This variation of infiltration rate with time differs from
one type of goil to another. In the case of sandy soils the final rate is reached
rapidly and is usually high.

Sandy soils have high infiltration rates varying for sandy clay and sandy
loam from 4 to 25 om/h, but in very permeable sandy soils values as high as 100 to
400 em/h are easily reached. High final infiltration rates are responsible for
important water losses both in the conveyance systems and in the fields, 3Soils
having a final infiltration rate of 10 em/L and above are generally not recommended
for surface irrigation systems. In other words, to keep the conveyance and
application efficiencies at an acceptable level the length of the ditches and the
size of the fields may be too small for proper cropping. A 30 1/s flow could
irrigate no more than 1 080 m? at any one time. The uniformity of application
will be poor if the fields are large since upper parts would receive more water than
the lower ones, High infiltration rates may be an important constraint to efficient
aurface irrigation schemea.

High infiltration rates also have an action on the soil structure in that
often the clay particles contained in the upper layers are conveyed to deeper layers
where they accumulate and form a less permeable horizon. This horizon may impede
the deep percolation of excess water coming from rain or over-irrigation and may
form a perched water table which will require field drainage.

Porosity and Apparent Specific Gravity .

The porosity or pore space is that space between the soil particles which
ig aqual to the ratic of the volume of voids either filled with air or with water
te the total volume of seil, including air and water. The poreosity or pore space
of sandy soils is less than for oclay soils.

The apparent specific gravity or bulk density is the ratio of the weignt of
a given volume of dry scil, dry space included, to the weight of an equal volume
of water. The apparent specific gravity varies with seoil types as does the porosity.
Mean and extreme wvalues are indicated in the following table abstracted from the
book "lrrigation Principles and Practices" by Israelsen.
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Table 1 APPARENT 3PTCIFIC GHAVITY AND POEE SPACE

Joil Textura Apparent Gpecific Gravity Pore Space
San
mean 1.65 38
extremnss 1.55-1.80 i2-42

Sandy loan

—h

maan <50 43
axtrenss 1.40=1.60 40-47

The more sandy a =0il the higher is its apparent specific gravity and the
lower is its pore space. Thus sandy soils whioh are often designated by farmers
as "light soils"™ are in fact the ones that weigh the most per unit volume. The
term "light" refaers to their ease in working with agricultural implements.

Water Content and Water Holding Capacity

Tha water content of a so0il depends on the amount of water stored in the pore
gpaca, Since sandy soiles do not have a very large total pore space, their water
content will never e very high. The water content oan oe e¥pressed eltner asg a
parcentage on a dry weight basis or as a percentage on a volume basis. The moisture
content on a dry weight basis is ejgual to the ratio of the weight of water contained
by a soil at field capacity to the weight of this same s0il after having been dried
in an oven al a Lamperature of 1G5OG. The moisture content on a volume basie is
equal to the ratio of the wolume cccupied by the watsr steorsd in the pore space to
the total wvoluma of the =oil. hei

Field eapacity (P2) is defined as 4he percentase of water retained in the pore
space af a goll after the exceszs water from an irrigation has percclated to deeper
layers. In practice the fiesld capacity is determined one or twe days after an
irrigation.

Parmaneni wilting point (PHP) is defined as <he percentage of water mtill
reflaining in a soil once the plants are no longer able fo extract sufficient
moisture to meet their needs,

The available moisture in percentage is then the amount of water which is
available hetween these twa wvalues,

This relation can he converted to a depth of water available in soil which is
usable in defermining guantitative water reguirements of individual erops grown in
spacific sails and is called the readily available water.

In irrigation practice it is not recommendable to wait for the m=oil water to
reach the permanent wiltinz point before replenishing the soil reserveolr. In this
way the plants will not suffer from an eventual lack of water., In prineiple, water
applications should never be greater than the readily avallable water as any excess
will automatieally be lost by deep percolation.

The Tollowing table adapted from "Irrigation Principles and Practices" by
Igraeleen gives some practical walues of water applications in sandy =soils.
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Table 2 MOISTURE CONTENT ANTD PRACTICAL WATER APPLICATIONS

Zoil Texture Field Capacity Permanent “Wil- Practical Water
ting Point Application for
a soil depth of
% i 0.5m 1.0m
ma mm
Sandy leam
mearn 14 £ 45 a0
extremes 10-18 3-8 35-55 Ta=110
Sandy
nean 9 4 30 60
exLrenss f-12 2-£ 22-37 45=T5

The conclusion can thus be drawn that deep-rooted crops are better for sandy
soils than shallow-rocted ones.

IRRIGATION MITHCODS

Surface Irrigaticn

In general surface irrigaticon methods are not the most suitable for zandy soils
whether by basin, border or furrow. The high permeability and the low water storape
capacity make it very difficult to apply the correct amounts of water. Irrigation
of sandy soils may lead to water wastage by deep percolation and low irrigation
efficiencies of less than 50 percent. Moreover the yield of crops may alec be
affeated by poor unifermity of application. The lowest parts of fields often do
not receive esncugh water to meet their requirements whersas the upper parts are
generally over-irrigated. XNutrients are carried away and micro-elements are
frequently lacking. Usually,under normal conditions, surface irrigation methods
are not recommended for sandy soils.

Heverthelesse there exist =pecial cases when these negative aspects may become
useful to crops., Thie is particularly true for irrigation with brackish water where
the excess salte brought by the irrigation water are rapidly leached out of the root-
zone. No special on-farm measures guch as drainage systems may be needed.

Irrigatim with waters containing up to 4 200 ppm on casis sandy soils in Turisia has
been reported with no damage to crops. Another special case would be underground
irrigation by perfect control of the water table, made poseible in sandy soils by
their high transmissivity. But thie type of irrigation requires the construction of
drainage canals or pumping wells and would increase the initial investment.

Despite what has been said, the irrigation of gandy soils 1s sometimes inevitabl
because good arable lands are lacking. The following recommendations should then be
considered: First of all the water distribution system should either be lined or
piped as indieated in the previous paper (II1I.5) ard should be akle to deliver water
at very short intervals. The smaller canals will therefore have 10 be increased in
size and so will be the cost of the systems, The size of the fields should he
reduced and the streams available at the headgates be large enough to enable a guick
filling of the plots.
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The beat irrigation method would be by small basina of only a few guare metres
in =ize (10 to 20 méj. The main drawback of this method is its high requirement in
manual labour, firat to prepare the small basine and then to irrigate them one after
the other. This method also precludes any kind of mechanization. A way of farther
reducing the water losses within the farm would be to convey the water from the
headgate to the basins by using light aluminium or plastic pipes laid on the =soil
like those utilized in hand-move sprinkler irrigation systems. This way of
irrigating is sometimes called the "hose basin irrigation methed". It is probably
the best adaptation of surface irrigation to sandy scils but it aleo increaees the
cost,

Finally, when a water fable is present it is absolutely eassential in a large
scheme %o kaep close irack of its fluctations. 3hould there be a tendency to rise,
a drainage system mizht have to be installed, This particular aspect will be dealt
with in the following paper (III,7)

Sprinkler Irrization

Sprinkler dirrigeticn has inherent features which make it partioularly wall
adapted to sandy soils. Tke transport of water is by pressure pipes and water
losses are low. But perhaps the most interesting feature of sprinkler irrigation
iz its ability to apply small volumes of water with a very good distribution
pattern, Matching water applications to soil water holding capacities is no longer
a constraint. Teep water percolation can therefore be controlled to the strict
minimum admissible by the method. Furthermore the size of the plots or the depth
of the crops have no influence on the application efficiensy and erops of any type,
deep or shallow-rooted, broadeast or planted in rows, can be irrigated with egual
gucCess.

Tnese features only become a reality if the sprinkler irrigation system is
designed and managed properly. Some engineering aspects are dealt with in the
following paragraphs.

Firset of all, the designer should take advantage of the high infiliration
rates of sandy soils and use high application intensities. This will reduce cost
which is khigher in sprinkler than in surface irrigation. But high application rates
for a =mall waier nolding capacity imply more frequent shifts of lateral lines, so
in order not to lose the venefits of high application rates by an increase in the
labour requiremente, it ie recommended that the shifts be limited to 4 per day or
the system placed on wheels.

The aspplication sfficiency should be considersd about 70 percent to account
far logses in the field and in the atmosphere.

The spacing of sprinklers has little influence on the irrigation of sandy soile,
However, larger spacings of 18 x 18 m or 24 x 24 m are less sxpensive than smaller on
of 12 x 12 m, GSpacing limitations will be dictated mainly by atmospheric conditions.
If the site is windy it ie betier to use closer spacings esither rectangular 12 x 18 r,
the 12 m sids being perpendicular to the main wind direction, or 12 x 12 m.

The pericds of irrigation per day should be as long ae possible to reduce the
investment coets. The fact that shifting laterals during the night ig very difficult
must be considered. Since the frequency of lateral shifting is high in sandy scils
practically, it will not be poesible to envisage night irrigation. Irrigation time
will thus be limited to the daylight hours plus the duration of one position which
can be started just before sunset and stopped during the night. The effective
duration of the irrigations take into considermtion the time required for shifting
the lateral lines and, eventually, the time during whieh the installations would
have %o be stopped because of high wind wvelocities. It is to be borne in mind



here that irrigations should be stopoed when the wind velocity is abtove 5 mi/fs
(18 km/h). Above this figure water lasses caused by wind drifti are very nigh and
application uniformity and efficiency are consideratly reducsd. IT the number of
hours left for cperation is toc small it may then be necessary to consider lhe
plantation of windbreaks. 1In practice the number of effective irrigation hours
per day should not bte under 12,

Operational pressure of the sprinklers depends essentially on the spacings.
lLarge spacings require highesr pressurss in the magnitude of 4 to § bars. In sites
where energy iz expensive and where water must be pumped from deep wells high
presgures are not economical, Medium pressures of 2 %o 3} bars are the mos
commonly used. Low presgures of 1.5 = 2 bars can be uged in conjunction with small
spacings for vegeiablesz or in ocrchards, Irrigation under the leaves is always
recomnended when the irrigation water is braskish.

The frequency of irrigation iz determined oy the low water holding capacity
of sandy soils. Rotations will therefore be relatively high, from a few days to a
week, depending on the soil charecteristics and the root depth of the crop to be
irrigated.

411 gprinkler irrigation systems can be improved in order %o reduce the manual
labour requirements. The field eguipment may be mobile, semi-permanent or completely
permanent; motorization of shiftis can be introduced by using tractors and trailers,
or self-propelled lines. Automation of irrigzation may alsc be introduced by the use
of automatic metering valves or even computer monitoring wut z2ll these improvements
increase the installation costs considerably. Their use will be limited %o high
return crope or to special cases where insufficient manual labour is a major
constraint, In governmental projects it is beiter to start the irrigation
developments with the simplest equipment which can be well handled and understood
by the farmera and to let each farmer improve his own system as his financial
capabilities increase.

Drip Irrigation

Drip irrigation is one of the latest irrigstion methods to be developed.
Although it has been known for many years 1t was only used in very special casaes by
gome horticulturists and nurgery gardeners. Its applicaticn at the Tarm level
became poseible by the cytensive uge of polyethylene plastics in manufacturing the
various components of the eguipment., This reduced its cost which, slthough rather
high, is now acceptable for some ercps. Trickle irrigation really started in
agriculture less than 10 years ago. Israel alrsady claims to have 10 percent of its
arable land (around 1 500 aa) irrigated in thie way. At present the method is
developing gquite rapidly, espscially in the U.S.4., Australia, South Africa anid
Marico. OJther countries have shown a definite interest in the method, mainly
Senegal (200 ha in jusi one farm!, Italy, U.K., France, 3pain, Tunisia, Lebanon, and
probably many other countries, ZJeveral Pald projects have experimental plots
equipped with drip irrigaticon. These are in Senegal, 3pain and Tunisia wheres the
method iz zoing to be tested on olive trees. The real 'success of this new method
ig baged on a certain number of advartages which are claimed by the enthusiastic
promoters of the method: water saving, higher yields, utilization of brackish
waters, manual labour extremely reduced, decreases in dissases, weed control ete.
In fact most of these promising results have been obtained in experimentzal
conditions by highly gualified specialists. Comparative field trials are still
too few to say in what proportion these advantagzes are applicabls te large scale
irrigaticn., The method is atill in its initial stages and many developments are
axpected in the near future., The Americans are developing warious systems among
which is one without drippers consisting of a deouble wall perforated pipe; the
French are promoting a system in which the watsr 1e distributed inic a large
furrow by a perforated pipe; the Italians are erperimenting some wvery ingenicus
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devices, Neverthelaess ihe method most widely used consists of small tubes along
which are the drippers {or tricklers, or emitters).

The dripper is a small device that allows the water to discharze from a lateral
supply line at a2 very low and constant rate, from 2 to 10 1/hour. As water flows
out of a dripper it moistens the s0il surface in a cirele and the underneath layers
according tc 2 bulb shaped wvolums, The spacing of the drippers along a line should
permit the various wetied bulbs to come inte contact with one another. The flow
and spacing of drippers are determined by field tests.

In sandy scils the wetted bulbs under the drippers are narrow and desp. Since
zhe wottad bulbs should be iz contact with one another along the lateral lines their
mimber will ©e hizh. The cost of eguipment, which is proportional o the length of
pipes and number of drispers, will then be high and in the magnitude of US $ 1 700
to 2 000 per ha not including the pumping plant. These systems usually operate at a
low pressure of 1 to 1.3 bars.

The spaeing betwesn the lines will depend on the type of crops irrigated. If
the rows are very ocleose, such as in the case of vegetables, a line for every two
rowe may be suffiecient. On the contrary if the rows are very far apart, such as in
the case of orchards, it may bYe necessary to install two or more lines per row of
trees. In any case drip irrigation is most convenient for row crops.

The water savings come from the fact that there is a non-irrigated zone in
between the lines. But the consumptive use of a orop being a factor independent
from the type of irrigation used the water savings are not as high as often claimed,
In fact deep parcolation may occur along the lines and irrigationists recommend
designing she systems with an B0 percent application efficiency.

The irrigation water must be filtered to prevent the clogging of drippers.
Arackish water may be used because the roots of the plants develop inside the
weited bulb where the salt concentration stays constant and egual to that of the
irrigation water itself. The =alts tend to acoumulate in the outer parts of the
wetted bulk and often whiie sircles denoting the presente of salt can be zeen on
the =cil surface. The excess salts must be leached sither in a natural way by the
winter rains cr artifieially with 2 spare sprinkler irrization set when rain is not
gufficient,

IRNIGATION TDUCATION

A well designed irrigation scheme may not yield the expscted returns if water
is not manazed in the proper way by Tarmers. This may be aven more true in the cage
of sandy soils for which irrigation must be handled with special care. The human
aspect is often unduly disregarded during the planning period whereas it plays a
decizive part during the whole lifetime of a project., Most farmers have no precise
id=a of ihe relationghips existing between the consumptive use of water, the rate
of infiltraiion, the water storage capacity, ete., in a seil. Their only guida
lies in iraditions, instinct and scmetimes wrong beliefs. They know when the
plants need to be irrigated because they see them wilt tut they are not too versed
in the idea of how much is nseded or how much is applied. Errors leading to over—
irrigation and wastage of water occur just because of lack of lmowledge, It is
therefors necessary to provide these farmers with the minimum kmowledgze that they
nead s0 badly. This of course can only be done by an intensive educational
progranmne comprising demonstrations, advice, rewards, eto., carried out by a well
organized extension service. The extension workers to be efficient should receive
special training in the irrigation of sandy soils based on a very good knowledge
of the local soil conditions.
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CONCLUZICN

Sandy scils have a low pore space and a hisgh infiltration rate. The
consequences of these two features on irrigation systems and meikods are of paramount
importance.

The low pore space is responsible for a low water nolding capacity.
Consequently the frequency of irrigation and the labour refuiremsnts are high
independently of the irrigaticn method used. Labour requiremenss can be reduced
but the initial cost of equipment is then conasiderably incroased.

The high infiltration rates make surface irrigaiion very difficult as an
important task is to awoid losses when applying water %o the fields. The adaptation
of surface irrigation, when possible, requires higher invesiment costs for increased
length and eize of canals, canal lining, large number of small plots and eventually
spacial on-farm equipment.

On the centrary high infiltration ra*es have little influence on springler
irrigation. This method can therefore te considered as the best for sandy soils,
It will lead to acceptable efficiencies il properly designed and managed,

Drip irrigation is a promising method but its cost is e3ill quite hnigh. I
ig recommended to set up field trials before embarking on larpe goale develooments
with drip irrigatiocn.

In any case irrigation of sandy soils requires & gocd deal of inowledge and
skill. Juidance should %e provided to farmers by a well organized irrigation
education programme,
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SURMHMARY

Sandy scils are found in deserts as well =zs in walleys, alluvial fans and
deltas. In the lowlyirng areas they may have natural high watertables, and irrigation
usually results in the need for drainage,

The type of drainage *c be applied depends largely on the type of sand. 3ands
may hbe coarse and pervious or fine and containing some =ilt and elay particles which
may meke it less pervicus. BSuch other physical characteristics as infiltration rate,
water retention and effective porcsity differ widely from one type of sand toc another
and have a great impact on the design drainage rate. In general designed sub-
drainage systems will tend to be deep and relatively narrowly spaced on fine sandis
that have a high gilt and elay content, whilst they may be shallower and more widely
spaced as the coarseness of the sand increasesz and z2ili and clay decrease. Surface
drainage may be important on seils that run tcgether easily on wetiing., Vertical
drainage possibilities may be limited by low =oil permesbility.

Fine sands are often layered and may contain thin layers of =ilty or poorly
pervicus materials. The horizantal permeability of such a goil is usuwally much
greater than the verticsl permeabiliiy. Subsurface drainage syetems should permit
and promote the lateral flow of perched water through the more pervious layers o
the drains, When pipe drains are used, care should be taken to use tackfill
material that remains permeable through whish water may reach the drains.

Cover or envelope materials should be well zelected in relation to the type
of sand. Indications are that there is no differance betwean the performance of
plastic and clay or concrete pipes when adeguate cover materials are used and when
pipes are laid under favourable working conditions. It appears, then, that it is
tne combination of pipe and cover materials in relatiom to the soil type, rather
than the pipe only, that governs the drain performance. Thin sheets of fibre zlass
appear unsuitable as cover material. ¥ere voluminous materials would seem preferable
but a series of practical tests is needed for a more accurate basis for advice.

Open ditch drains in unstable sands, especially in salty areas, are very
difficult to maintain. The installation of pipe draine in these soilse, however,
is not always easy. The sand may run into the ditoch before the drainpipe has been
blinded or filters have been pleced, causing displacement of the pipes. The problem
iz not easy to solve without high monetary expenditures., Using plastic pipes that
have been prewrapped in the plant, or that are simultaneocusly provided with cover
material by the trenching machine will in many instances facilitate the installation
and reduse the risk of failure,
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NEED BCR DRATNAGE

Sandy soils are not only found in desert aress bui valleye and flocd plains,
alluvial fans and deltas also normally contaln sandy depoeits. They are found in
old stream beds, in lanses, in stratified profiles and in deep extensive layers.

Hot all of them are in need of dreinage. Sandy s0ils along egtreams and river
ridges may have adeguate netural drainage under goeod irrigetion practices. Parts of
the gandy areas in ailuvial fans may have desp watertables and suffisient ground-
water drainage towardi lower parts of ine fan.

Pervious sandg may cverlie relatively impermeable fine fextured soils. Upoen
irrigation a perched watertable may ©be formed which can be lowered by a drainage
system. Such goils may be found in transitional zones between deserts and deltas,
coastal and other plains, valleys or smailer topographical depressions.

TYPEE OF LDRATHAGE

FTram a theoratical point of view the drainage of zandy soils does not Tbasically
differ from that of mere finely textured soils. The mathematical expressions
descriting groundwater flow io parallel dreins apply edqually well or agually poorly,
depending on whether the ecil profile lends i4self 4o a realistic simplification to
suit the expressions. The problems of hydrelogic simplification are probably no more
or lezs complicated than for cther types of soil, Zoth elayey and ssndy sells may
have a nigh or leow hydraulic conductivity or permeability. They may be deep and
uniform ocr shallow and layered, ¥specially on the latter type will 1t be difficult
to describe water flow in guantitative terms, and a dreinaze system design wWill need
to ba largely based on practical experiencea.

Coarse textured sandy soils generally have a high hydraulic conductiviiy.
Surface runoff follewing rain or irrigation Will % small or absent altogetner.
Drainage of these aoclls, therefore, is a matter of watertable control. Whether
thig ig to be achieved by interceptor drains, oy a grid system of drains or by
pumping from wells depends on the prevailing topeographic, hydro-pedologic, climatic
and economic factors. A coarse zand does not automatically imply that wertical
drainage will be applicable, [Huch depends on the depth of the profile, the presence
of poorly pervicus, cemented materials and deeper aguifer systems. Fine sandy
grils may be in need of surface drainage, especially when the surface soil runs
together during rains or when poorly pervious materials occur close to the ground
gurfacs. Vertical drainage 2ossibilities may be limited by low permeability of the
goil.

CHARACTERISTICE CF SaMDY BS0ILS IN  RELATICN TO DRAINACE

Though the planning of drainage systems in sandy scils does not basically
differ from that in other secil types, sandy scils have a few rather special
qualitieg that should be taken into account, Thne discugsion of thege and their
effects will be limited to =oil profiles that are sandy from the ground surface
down to at least tha depth of subsurface drains, about ¢ metraes.

Swelling, cracking, coampressibllity

The clay content of sandy seils is low and the expansicn of clay minerals on
watting {if any) will have little impact on the profile., Sandy scils are hard to
compress and very litile cracking ceccurs during drying.



These features contribute largely 10 the stability of the larszer pores
ihrough waich saturated water movement takes place. Therefore, apart from those
paris of the soil profile that are subject to mechanical impact, that is by flowins
vater and raindreps, the hydraulic properties of sands may be considered as fairly
conatant.

4 practical conseruence of the low compressibility of sands is that trenchless
dralnage machines, which operate on the basis of forming & mole by pressing soil
cutwards, mey be legs suitable for sands.

ermeability

The permeavility of sandy soils may vary from as low as a few centimeires per
day to as high as tens of metres per day. The lowest permeability is ususlly *ound
Lo wery Tirne loamy sands and sandy loams. It Foliows that the density of a sub-
surface drainage network in sands 18 not necessarily low. On the contrary, the drains
#ill sometimes have 4o be narrowly epaced, which renders tre system erpenszive.
Goarse sards, on the other hand, sre usually quite pervious and generally require
sidely spaced drains,

The measuremeni of permeadbility of =sand in situ iz not an easy task az the
walle of borercles easily cave in and may need to be protected by special ilbers.
The evaluatian of {he result of measurement may be complicated by sre layariae of
the prefile. & high permeability measured in layersd sand may result Sfrom she
contpribution made by a tiay layer of coarser materials and provides little inform—
ation on over and under.ying strata. Permeability measurements, therefore, should
alvWays be coupled with profile stulies in pizs. % 15 noted that the peroeability
2 naarly pure sands may also Je calculated from zrain size analyses.

[mfiltraticn rate

The infiltraticn rate is usually high on ccarse sandes. On fine sandy to loamny
s0llsy espscially those that are unstzble, the infiltration rate may Se considerably
reizeed when the surface soil russ together foellowing wetting. This sasily cccours
in arid and semi-arid areas uhere ihe soils contain liitle organic aatter, dainz,
At a conaeTlence, may start flewing overland and & surface drainage szysten may be
rezaired on sloping lands., The Irrigation efficlency nay also ve aflected oy
uriztable surface soil gnd this, in turn, will influence the required subsurface
digcharge rates.

o0il water retention

Zandy so0ils in arid and semi-arid zones where the organic metter content is
Low  usually rebtain 1ittle water. Whereas the availatle wa<er in olsyey sgoils is
nermally in the range of 10-20 percent on a dry weight basis, 1t is often lesy than
11 percent in fine sands ani loamy sands, Coarse sands may retain less than 5 percent
of water.

Trese differences in waterholding capacity strongly affect the timing of
irrigation and ihe depth of water to be applied., 3otk factors are an influence
on the volume and rate of water losses. As a general rule, the coarser the scil
the lower the application efficiency and the more water must be drained through
ihe guebgoil. Under spscified conditions, however, sprinkler and other speaial
systems of irrigation may oe applied and they result in considerably smaller losses.
This is mentioned further in paper II1.6 Irrigation of Sandy Soils.

In more humid aress where irrigzation is supplemental in character, gandy soils
are often drought sensiiive, lapid drainage increases the need for irrigation. To
save on irrigation Water the drains are sometimes wholly or partly blocked in early
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epring, causing the watertable to drop more =zlowly. Thus plants may obtain = lsroer
portion of their needs from groundwater.

Forcaity

The porosity or drainable pore volume refers to the volume of water releas:
or taken up by & unit vwolume of =0il in the zone which may be under the influene:
of & Fluctuating watertable., This lattar zone in & well drained irrigated scil i:
found roughly between 1 and 2 metres in depth. PFore size is greater in sandy thzn
in clay soils; this results iz larger channels for water converyance through coarzs
goils trnan threough fine textured oness. This characterisiic is of considerable
importance for the establicshment of design ¢riteria, as will be discussed later,

Structure stapility

]

Zandy seils ars often wictatle, wrich conseguently reguires that side slop:as
ditehes and canale be relatively flat, 1 : 2 or 1 : 3, and flow velocities low.

Tlat side slopes imply that much land is lost to sgriculture, especially whzn
drain spacingz are clo=e. An open field diteh 1.5 m deep in =andy szolle may easily
have a top width of 10 m. Land loss and high maintenance costs of open ditches caas

it attractive to install pipe drains in sandy scils.

DTIIIGN DISCHARGE  RATE AXND DRAIN DOTPTH

Zince the pore sire of sandy soile is laree, the watertable rise Following
irrigation or rainfall may be relatively small. Tt will be limited to 15-3C cm
for a so0il at field ¢apacity before water application, having an effective porosity
of 10-20 percent and deep percolation logses of 0 mm per application. Sueh logsas
easily result from surface irrigation metheods if 100 m of water are needed per
application fto cover crop requirements and the fleld application efficiency is
60-6% percent.

Similarly, the drainage of 30 mn of water will also cause anly a slight
lowering of the watertable. The coarser the soil, therefore, the smaller the
watertable fluctuations for a given set of rechargzes and discharges.

In humid areas the drain depths de net vary much with the type of mineral
goil, The small watertable fluctuations imply that for a given eet of recharges
stemming from rainfall,the watertable will not atfain a certain high level as
frequently as on finer tewxtured soils. 45 a result the desigrn diseharge rate nmay
be smaller resulting in wider drain spacings.

In irrigated areas the drainage rate is also affected by the storage capacity
tut the conditions of recharge and discharge are now slightly different. Irrigation
deep percolation losses and the regquired leanhing are normally drained off beforno
the next water application, These losses cause relatively small fluctuations of
the watertable in soils having large pore spaces. As a consequence the average
hydraulic head will tend to be higher during the peak irrigation season and so will
the discharge rate. A wider spacing would therefore he theoretically justified.

In practice; however, the difference often appears to be small. The usually lowsr
farm irrigation efficiency on ccarse soiles and the subsequent higher losses may
evernl lead to closer gpacings.

The small watertable fluctuations on coarse tervtured zoils make it poseible
to place the drains at a higher level without running the risk that the watertable
would exceed a predetermined highest level. Losses of 30 mm cause the watertable
to rise by 15 em on sande whereas it may be &0 cm on fine sendy loam soils. With



a higher allowable level of 1 m, and adding a 20 ¢m "rest value" to the hydraulie
head, the drain depths should be at least 1.35 m and 1.80 m respectively. Obviously
when drain depths are raised the drain spacings will need to be closer.

It will not always be practical to install draine at higher levels in sands,
First deep drains provide the advantage that the watertable will net rise to its
highest permissible level after one irrigation. The watertable could be allowed
to rise gradually and reach its highest level in the peak irrigation season. As
a consequence not all water loasses need to be drained off betwesn two water
applications. The design discharge rate, theraefore; can be lowar and the drain
apacing may be made somewhat wider.,

A second reason to Keep the drains deeper is related to capillary phenomena in
fine sandy loam soils. Whereas capillary water does not rise high in ccarse sands
there may be considerable upward flow to heights of over 50 cm above the phreatic
level in fine sandy loam scilas. The dangerof capillary salinization is therefore
greater in these latter soils and desp watsrtables are preferable. A drain depth of
at least 2.0 m would seem practical whilst it may be a= little as 1.4 m in coarse
sands.

In conclueion, the type of sandy soil, its physical characteristics and the
method and practices of irrigation appear to have a considerable impast on the
design discharge rate and the drain depth.

In general, drainage systems will tend to be deep and relatively narrowly
spaced on fine sands that have a high silt and clay content, whilet the drains may
be shallower and more widely spaced as the coarsenesas of the sand increases.

DRAINAGE OF LAYERED SANDS

Sandy profiles, though they may look fairly homogeneous at first sight, often
appear to consist of layers that differ widely in physieal hydrological properties.
There may be thin layers of finer sands that are more silty and whose permeability is
low, or there may be small layers of cemented materiale which are almoat impermeable.

The horizontal permeability of such a layered soil is usually much greater
than the vertical permeability. As a result, the "internal" drainage of the soil
may be slow and perched watertables may develop after irrigation or rains.

The internal conditions may sometimes be improved by euch soll amelioration
measurag as subsoiling, deep ploughing, ete. In eome instances, adapted cultural
practices may help improve water percolation.

Subsurface drainage systems should permit and promote the lateral flow of
perched water through the more pervious layers towards the drains. This requirement
is met by open ditoh field drains in which water can flow out freely.

When pipe drains are used, the trenches should be filled with pervious material
to ensure that perched water can move rapidly downwards in the trench to reach the
drain. 4s in pome stratified heavy clay soils, the satisfastory funotioning of the
drainage system may depend largely on the possibility of water flow in the baskfill.
Trenchlesspipe-laying techniques, therefore, should not be used on susch soils before
their applicability has been demonstrated in field trials.



PIPE DRAIN AND COVER MATERIALS

The costly and difficult maintenance of open diteh drains in unstatle sa-is
makes it often attractive to use pipe drains.

Opinions differ as to the sultability of clay or concrete and plastic plpes for
various types of sandy seoils, Fxperiments in several countries indicate that clay or
concrete pipes would be preferable to plastic pipes of the pame inner diameter where
no or inadequate envelope material is used or where the pipes are laid under
unfavourable weather conditionsl/. This applies notably to fine sandy loam moils
and is largely due to differences in circumference between clay and concreie pipes
on the one hand and plastic on the other. Increasing the diameter usually leads 1o
improved flow conditions in and around the pipe. Considerations of pipe strenrsth
and ceost, whioch increamse with diameter, have in many countries resulted in the
tendency to keep plastic pipes small.

Where adequate envelope materials are used and pipes are laid under favouratle
working conditions, i.e., no rain and watertable telow the trencn bottom. it i:
believed that clay, concrete and plastic pipes are equally suitable. It appears,
then, that it is the combination of pipe and envelope meterials in relation e =eil
type rather than the pipe only that governs the performance of the drains. Such
combinations have been studied in several countries but it is often diffieult to
compare the results due to variations in ¢limatie, topographic and soil conditions.
Moreover, there iz no uniform methodology for the investigations and experimen:s
which renders evaluations of results difficult, Standardization of test procedures
and processing techniques i=s very desirabla,

Provisional experience with plestic pipes indicates that corrugated pipes
have a good inflow capacity. It would seen however, that their transport capacity
is slightly lower than that of smooth plastic pipes. Larger diameters are needed
which can be used for main drains as well as laterals.

Envelope materials are permeable materials placed on and around the drainp.re
to prevent the finer particles of surrounding =oil from being washed into the drain
and to improve the flow conditions around the pipe. It is particularly important
to prevent deposite in the draine in sandy seoils of flat areas. The slope of the
drains in such areas is amall and the deposited particles — especially the gil Ly
and larger ones — cannot be flushed out ea=ily. Application of adeguate cover
material is therefore indispensable.

There is a great variety of materials being used in various countries: snni
and gravel, fibrous peat, shells, flaxband, fibreglass, plastic fibres. The tvpe
that functione best for a certain type of soil depends largely on the gualities
of that =o0il.

Experience shows that thin sheets of fibreglass become easily clogeed by <ne
finer soil particles and are not usually considered successful in fine sandy so0ils.
Fibreglass sheets may do well, however, on coarser textured soils that contain few
fine particles. Fibrous peat appears to be effective under a variety of condiiicn:
and s¢ do other more veluminous materials.

To enable further mechanization and alsc prewrapping of pipes, some materials
are combined with carrier-layers of various fabrics into bands. Experience gained
so far with flaxband (about ? om thick) seems promising. Ia arid lands sands and

1; Drainage Materials, Irrigation and Drainage Paper No. 9, Water Resources and
Development Service, FAO, Rome 1072



gravels are locally available and are much used cover materials. They are
sonsidered highly effective when well designed, that is when their gradation
sharacieristics are designed for the soil to be drained. Handbooks on drainage

engineering usually contain the speeifications,

IKgTALLATION OF PIPE TDRAINS

Sandy secils often present special problems during the installation of pipe
irains: the side walls of the trench tend to cave in eaeily; sand may run inte the
irenchk before the drainpipe has bean blinded or filters have been placed. This
zay cause the drain to be displaced. Blinding 1s done to protect the drain line
againet the excavated soil when this is pushed back into the trench, In humid areas,
¥hen the topsoil is stable and pervious, the upper part of the trench is shaved off
ard placed on the drain for that purpese. Caving in may ocour in dry sandy soile as
well as in wet sands. It happens more sasily and rapidly when the wateriable at the

time of installation is abowve the drain.

The probvlem is not easy to solve, Often the protective shield at the rear
of the pipe laying machine is made longer, but on modern mashines that have a higher
working spead this does not always solve the problem. Using plastic pipes that have
been prewrapped in the plant or that are simultanecusly provided with a filter by the
trenshing machine will in many instances facilitate the installation and reduce the

rizx of failure,
In spite of sume problems, pipe drainage appears to be the predominant future
system of farm drainage throughout much of the Near East area. Hearing this in

mind, programmes for solving problems and answaring questions 5till to be asked
soncerning plpe drainage are necaessary for a continuation of suecessful agriculture

in the Reglon.
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USE AND MANAGEMENT OF SANDY SOILS 1IN CYPRUS
by

J. C. Orivas
Head, Sciles and Plant Mutrition
Department of Agricultiure
Ministry of Agriculture and Natural Re=mources
Nieosia, Cyprus.

SUMMARY

Sandy soile in Cyprus are very limited in extent and amount to approximately
9 000 ha representing only 1% of the total area of the island or about 2% of the
cultivated land.

Airborne sand depositions lie on varicous geological and soil formations and
vary considerably in thickness. These are mainly calcareous [10-30% GaCG3j and
poor in organic matter (< 19).

Syetematic observations on the distribution of eitrus roots in the Morphou
area have astablished that fine roots (<1 mm in diameter) are more uniformly
distribuied in sandy profiles than in fine textured ones. In addition the total
munber of fine roots in a sandy soil is double that occurring in a fins textured
goil. Citrus orchards established on sandy scile ususlly yield 20-30% more than
thoege on fine textured soils.

It has been experimentally establishad that saline water (B0 4-5 mmhos/cm,
chloride concentration 1200-1400 ppm) may be used for irrigating orange trees on
sandy soils without obvious adverse effects on the yields. The absence of palinity
damage was apparently due to the fregquency of irrigation at 50 mm evaporation and
the winter rainfall.

The predominant irrigation systems for citrus and vegetables grown on sandy
goils are the border strip irrigation and the hose shori-furrow or trickle,
respectively, 3ZEfforis are being made to replace the border strip irrigation with
improved systems such ap pipe basin, hose basin, sprinkler or trickle.

Crope grown on sandy soile respond to nitrogen and phosphorus and to a
leseer extent to potzssium. EFinc and manganese deficiencies have been chserved
on sandy scils as well as on heavier textured soils. Farmyard manure is commonly
uged but green manure and other organic sources are alsoc applied on a smaller
scale,

The main sources of nitrogen, phosphorus and potassium are chemical
fertilizersz and under irrigation there is a downward movement of scluble mutrients
such as nitrates and potassium and, therefore, fregquent low rates of these
rutrients are more effioiently utilized.
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LOCATION, EXTENT AND USE OF SANDY 30IL:S

Gygrus is the third largest island in the Mediterranean with an area of
3 572 mic. The climate is typically Mediterranean with hot, dry summers and mild
wat winters.

Sandy soils occeurring in Cyprus are almost excluasively of aeolian origin.
There are, however, a few isolated patchea of alluvial sand depositions in some
plains and walleys. These cover but a very small percentage of the total area of
sandy scils.

Airborne sand depositions mostly occcur in narrow coastal strips around the
island., The most extensive area of sandy soile ia confined to the north-western
part of the island arcund the willages of Morphou and Ayis Irini and along the
eastern coast around Famagusta town (Fig, 1). In some instances, airborme sand
in Morphou extends inland to 10 xm from the coast. An extensive area of sandy soils
near Morphou was occupied by low sand dunes which were levelled down and brought
into cultivation by farmers of the region, over 30 years ago.

The total area of sandy soils amounts to approximately 3 000 ha representing
only 1% of the total area of Cyprus or about 2% of the cultivated land. Out of
these, approximately 2 500 ha are forest land under pine (Pinus pinea and F. brutia)
and acacias {Acacia cyanophylla) and 4 000 ha are cultivated with citrus, cersals and
vegetables. FHarly vegetables under plastic cover are prodused in such seils in the
coastal strip, south of the town of Famagusta. Moet of the remaining 2 500 ha are
gtabilized and fixed by wariocus types of vegetation such as Juniperus, Cistus,
Pigtacia lentiscus etec., and, therefore, any movement or encroachment of sand over
the cultivated areas is negligible, In =ome special cazes the private sectior is
allowed to exploit the sand for construction and other purpozes. It is worth
mentioning that many citrus producers in Morphou place a thin layer of salt free
gand on top of heawvy textured soils. Through this "mulehing", scil moisture
evaporation is reduced and fine roots, developing near the surface which normally
would have been destroyed by ploughing, may now develop freely, hence making better
uze of water and nuirients. In addition, the damage caused to the fine roote by
the cracking of heavy textured soile is very mueh reduced. This practice, therefore,
contributes to & betier and faster development of the trees with a favourable
effect on yield performance.

MORPHOLCSY, MINERALCGY, PHYSICAL AND CHEMICAL PROPERTIES OF GSANDY SO0ILS

Blown sand depositis vary in thickness from a few centimetres to a few metres,
overlying various geological or soil formations. The geological formations
oocourring along the cosst and overlain by sand deposits are mostly surface
limestones and calcarenites of the Pleistocene age. The soils overlain by sand
are almost exclusively of alluvial origin in the Morphou area, whilat in Famagusta,
red soils of rather heavy texture are aoften found at some depth. The texture of
the buried alluvial soils waries from sandy clay loam to clay. Older airborne
sand depositions may also be overlain by more recent alluvial ones of variable
texture, Intercalation of thin soil layers or isclated seil pockets heavier in
texture may also be observed frequently within the sandy profile.

The description of a sandy profile cscurring in an 11 year old grapefruit
orchard in Morphou ie given below:-
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AIRBORNE SAND DEPOSITIONS

Fig. 1




Profile Ko, S8

0- Bem
8- 27 em
27 = 57 om
5 - 77 cm
7T = 99 cm
99 - 134 om
134 - 137 em
137 - 162 em
162 — 180 em

The

are given

Coarse loamy sand, dull yellowish brown (10¥R 5/2.5); dry, very
friable, very weak fine and medium subangular blecky, with tendency
to single grained structure; no roots,; gradual boundary.

Coarse loamy sand, dull yellowish brown (10YR 4/3); just
moigt, friable to slightly hard, becoming locose on moistening,
very weak structure with massive appearance due to slight
mechanical compaction; porous, abundant oitrus roots, gradual
boundary.

Coarse loamy sand, dull yellowish brown (10YR 5/3.5); moist, loose
single grained; abundant citrus rootsz, faint lime veins throughout,
porous gradual boundary.

Fine sandy clay loam, dull yellowish brown (10YR 5/4); moist, very
friable, weak blocky; wvery porous, few lime veins and many lime
conoretions; many citrus roots, clsar smooth boundary. (This layer
ig not continuous in all sides of the pit but it is often replaced
by the overlain sandy layer).

Loamy sand, dull yellowish brown (10YR 4/3); moist, loose, single
grained; few pores, many roots, diffuse boundary.

Coarse sand to loamy sand, dull yellowish brown (10YR 4/2.5); very
moigt, loose, mingle grained, few roots.

A very thin discontinued layer (alluvium). Sandy clay loam,

yellowish grey (1YR 5f3}; presence of lime concretions.

Patohy appearance of sandy clay loam soil as above intermixed
with coarse loamy sand; few roots.

Clay, dark reddish brown (5YR 3/3); very moist, very friable,
moderate to well developed fine angular blocky with slightly
shiny structural fases; very porous, many faint lime wveins, few
fine roots.

analytical results and soil moisture characteristics of the same profile
in Tables 1, 2 and 3.

The infiltration rate is very high and amounts to about 120 mm/h. The
apparent specific gravity of the sandy horizons is arocund 1.5 g/ﬁc whereas that
of the heavier layers about 1.3 g/cc.

The prevailing clay, contained in the sandy horizons, as suggested by the
Cation Ewxchange Capacity results, is of the 2:1 type and mostly montmorillenite.

The water used for irrigating the grapefruit grove comes from a private
borehole and the watertable lies a% 24 m below the surface. The chemical
analysis of the water is given in Table 4.



Table 1 MECHANICAL ANALYSIS, pH, LIME AND ORZANIC MATTER
MATTER DETEEMINATIONS OF SCIL PROFILE Ho. S8
L 1
Depth | Moisture Clay Silt Coarse Fine CE{.CICE'EIJ Active Crganie
in content o & sand gand a4 lime pH matter
cm ﬁ-ﬂa I:‘-’KE f}.‘; .3% F
o- & 2.7 13.2 6.8 46.4 30.8  12.57 65 8.4 1.04
B- 27 2.3 13.2 4.8 52,8 26.8 12.57 E0 8.7 -
27- 57 2.5 13.2 4.8 51.4 28.0  15.50 te) 8.9 -
5T= 17 2.5 20.2 1z.8 24.6 3.8  18.70 80 8.7 -
% T7= 99 2.3 1.2 6.8 49.8 29.5 12.12 TO 8.8 - ;
|
] 59-134 .0 9.2 3.8 56,0 27.8  13.53 50 B.9 -
T37-162 2.9 23.2 12.8 27.6 3.4 12,12 T0 B.T -
162-180 3.0 47.2 15.8 6.8 25.6 2.38 15 8.6 -
Table 2 SCIL MOISTURE CHARACTERISTICS OF THE
SO0IL PROFILE NO, S8
Depth Field Capacity (on dry weight basis) P.W.P. (on dry
in - weight basia)
cm V3 Atm Molsture Tgui- Gravimetric 15 Atm
pressure valent moizture pressure
G o determination
%
o= 8 10.20 12.22 { 4.51
{ 10.34
27- 57 B.74 10.07 13.00 5433
5T- 77 13.69 16.41 g 7.09
10.22
7= 99 7.85 8.92 ( 4.07
99-134 4.61 4.88 2,19
137-162 14.70 17.89 9.14
!
162-180 29.50 30.16 18.92 '




Table 3 CHEMICAL ANALYSIS OF S0IL PROFILE No, 58
szm ) Joluble salts in ppm Hx*;:?n ngéi "uz:ieit e .
o i 0, coy  #co; oca™t Mg™ wat ¥ me in |ca™ g™ wmt & o

mmhos,/cm

R 5; 8.4 107 358 Wil 960 250 66 160 57 1.58 5.5 6.5 1.09 0.62 | 13.7
8- ?Tf 8.7 107 M Kil 2960 208 31 125 50 0.80 5.0 3.0 0.98 0.50 9.5
27- 57 | 8.9 | 10T 20 Traces §12 200 16 100 52 075 0.9 6.0 1.09 0.50 8.5
57- 771 B.7 | 143 195 " Bag 220 48 160 14 1.40 6.0 6,0 1,30 0.75 13.5
T7- 99 | 8.8 | 143 184 4 864 232 43 140 16 1.10 5 4.0 1.30 0.18 10.6
99-134 | 8,9 | 107 143 " 864 220 36 130 18 1.20 ¢.3 5.5 1,09 0.18 7.0
134=162 [ 8.7 | 143 348 " Bag 210 59 220 25 1,90 a.8 5.0 1,52 0.31 16.6
162-180 | 8.6 | 251 349 " 912 210 47 340 22 2.05 ?5.9 2,5 0.81 o0.12 29.4




Table 4 CHEMICAL ANALYSIS OF WATER (Ne.s8)
Date of Sampling 29.9.73.

med/ 1
c1 265 ppm r
554—— 300 ppm 6.2
CGE- traces
HCO4 ™ 201 ppm 3.3
ca’" 131 ppm 6.5
Mg++ 56 ppm 4.5
Na© 115 ppm 6.0
E 2 ppm
EC "1.413 mmhos/omn
Baren 0.,0% ppm
pH .0
S.4.H, 2.6

focording to the Agriculture Handbook No. 60 of the U.3. 3alinity Laboratory
Staff this water is classified as "High-Salinity and Low-35o0dium Water". In the same
Handbook it is stated that "even with adeguate drainage, special management for
salinity control may be required and plants with good salt tolerance should be
gelected", There is in fact a slight salt accumulaticon in the deeper horizon
between 162-180 om which is due to the fine soil texture of thie layer, however, it
is emphagized that the overall appearance and performance of the grapefruit trees
growing on this soil and irrigated with such water iz abgolutely first class,

As will be pointed out later in this paper, most of the fine citrus roots
develop within the first 60 cm of =0il, It is therefore obvious that in this
particular orchard, salt accumulation in the deeper layers apparently could not
affect adversely the performance of the citrus treess.

In order to follow the vertical movement of water in this orchard, three
tubes each 180 cm long, were placed in the game irrigation strip, 20 m apart.
It should be mentioned that the bhorder strip irrigation method is followed in
irrigating this ¢rchard. Soil moisture content was measured by the neutron probe
and readings were taken at 15 cm vertical intervals in each tube.

Four measurements were taken:

i. just before irrigation
ii. one day after (the soil considered to be at field capacity;
iii. three days,and

iv, nine days after irrigation.



The graphs obtained from the three locations (Fig. 2), indicate that some
differences in the goil moisture content in corresponding soil layers exist. These
may be attrituted to differences in soil texture in the three locations. Movement
of water appears to follow a uniform pattern in all three locations. However, at
the locations B (cenire of strip) and C (lower end of strip) an inconsistency in
the pattern of the soil moisture content below 120 cm may be observed for the first
day after irrigation curve. The explanation offered ie that the time period between
irrigation and moisture measurement {one day after irrigation) might not have been
gufficient to allow for the moisture to reach below the 120 cm depth.

Another selected sandy soil profile is that of the Famagusta Government
Hursery. On this nursery, an experiment on irrigation of Shamouti Oranges with
galine water whica will be discussed in detail in the next chapter, has been carried
out by the Cyprus Agricultural Research Institute. Sand to a depth of 180 cm has
been deposited on top of a red oclayey soil. The structure of the sand is single
grained and horizons cannot be differentiated. The sand is mainly coarse and reddish
in colour (7.5YR 5/6). Calcium carbonate content amounts to approximately 25% in
the sand but it drops down abruptly to about 3% in the heavier layers and even to
almost nil in deeper horizons below three metres.

The mechanical gnalyeis and other relevant data for thie profile are given
in Tables 5 and 6.

Table 5 TXTURE, pH AND LIME CONTENT OF THE 3SO0IL PROFILE,
FAMAGUSTA GOVERNMENT NURSERY

: Depth Gl:y Siit Coarse Fine EEGGB
! cm i P sand sand i pH
‘, # £
0- 30 5.8 1.1 £9.8 23.3 23.9 8.0
30- 60 5.3 0.5 T2.2 22,0 24.7 8.4
60~ 90 5.1 0.2 74,5 20.1 26.1 8.6
90-120 4.8 0.3 T1:2 23.5 26.1 8.7
120-150 5.2 0.3 71.5 23.0 25.9 8.8
150-180 S 0.9 67.5 26.0 26,5 8.8
180-210 40.8 9.7 2541 24.4 2.9 8.2
b 210-240 56,0 8.7 19,1 16.6 3.1 8.0
. 240-270 54.0 T.6 21.0 17.4 3.5 7.9
| 270-300 46,2 Ta3 25.4 21.0 2.9 7.6
300-330 38.0 Be2 34.0 27.3 0.3 T.0
330-360 iz.2 T 3.9 32.7 3.3 0.1 TaT
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Table & MOISTURE CHARACTERISTICS OF THE B8S0IL PROFILE
FAMAGUSTA COVERNMENT NURSERY

(Average Values for the O - 180 cm profile)

;= { 24 hours 8.6%
Field Capacity 1/ { after irrigation (dry weight basis)
{ 42 hours 7.5%

( after irrigation

Water held by soil at:

0.1 atm tension 4,84

1 atm tengion 3.4%

5  atm tension 3.0%

9 atm tension 2.8%

13  atm tension 2,59

15  atm tension 2/ 2.4%
Average bulk density 3/ 1.6 gfcma
Available water capacity 4/ 1.0 inch/foot

determined on bare soil

Lo

determined by the pressure membrane apparatus and confirmed by the
gunflovwer method

determined by the gamma density probe and confirmed by sampling
undisturved soil cores

o =

difference between field capacity (48 hours after irrigation) and
water held oy scil at 15 atm tension,.

A detailed microscopical study of four samples of sandy soils taken
from Morphou and Tamagusta areas has revealed the presence of both light and heavy
minerals in all samples. Light minerals identified include calcite and some flakes
of gypsum as well as traces of quartz. Heavy minerals identified consist of iron
oxides (mainly magnetite and subsidiary limonite) and remnants of intensively
corroded pyrite partly altered toc limonite. In addition pyroxenes have alsc Dbeen
identified.

More analytically the results are as follows:
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MANAGTMENT  OF  ZANDY  BOILE

Sandy scils in Uyprus are limited in extent, nowever, their pavs in intensive
agriculture is guite important. This 1z parsly due to the fact that nost of these
soils ceecur in areas relatively rich in undersround water and trerefore irrimeted
crops mey be successfully srown. 7The arops produced are citris, ceresls, and many
kinds of vegetables - both on and off sesscn — the latter grow: wader nlastic covers,

Since these crops are nish yielding and their contribution to the nationsl
gxgneny is of paramount importance, the Finistry of dgriculture snd Yatural Kesources
has given priority %o varicus studies concerning the opiimization of 21l production
facters including =scilsg and irrigation, Tre introducticr of improvei systems of
irrigation wherever applicabtle, ite study cgnnested with tre soil-citrus relaticnship
ard =20il salinity problems, as well as the soil Fertility and plant nutrition work
carried out in connecticon with these erops, will be discuseed in detail in the
following paragraphs,

Zoil-Ditras Aelationships

Systemnatic observations and investigations carvied cut in citrus orchards in
Morphou in order to study soil factors which affect critieally citrus growth and
performance, have revealed some interssting fe=aturez, VPor the purpose of this study
A0 Valeneisa and grapefrult orchnards representing the moght important and widespread
scil series of the area were seleeted. The distance between rows and adjacent trees
ranged from 4,50-5.10 m.

i. The dietribution of fine roots in the soil profile reflecsis plant
adaptabilisy teo socil conditicns. The information obtained from the
investigatior of root development and distribution in various soil seriess
in the Morphcou ares carrot only be used for development projects in this
particular aresz, but also could be wvery helpful in similar development projects
irn other parts of tre island. Information obtalned through this investigation
could be important too in facing problems connected with irrigation,
fertilization and management,

The procedure used in this ztudy was as follows:

Five representative trees wers cnosen from each of the selected orehards.
Uniform samples were taken croesway Trom 4 sites of each tree at 0-30, 3C0-40,
EQ-T5 and 75-10% om depth, using an auger sampler with a 10 om diameter. The
two cpposite sites were taken at a distance of 120 am from the tree trunk
while the other two at a distance of 180 em., In thiz way twenty uniform ecil
samples were fakxen from each crehard, ten at a distance of 120 cm from the
trunk and ten at a distance of 180 ewm. ALl rocts were collected and put
together according o depths, irrespective of distance from the trun<., fHoots
were then separated into fine { €mm in diameter) and medium cnes (1-5 in
diameter), washed carefully with water, dried in i7e oven at &5°C for 24 hours
and finally weighed. The dry weight of rocts was calculated in g,/m° per 10 cm
d&pthq



In Tig. 3 the cumulative fine root distribution in three types of =oils
is presented for both Valencia and grapefruit.

The following conclusions may be drawn:

A The greatest fine root activity oceccurs within a 30 em layer from the
surface, This holds especlally true for the fine and medium textured
20ils where about 5Dﬁ of the total Tine roots are found in this layer.
In light textured soils this percentage is reduced to 40-50.

b. About 804 of the total fine roots occur within 60 em from the surface
in all seoils, irrespective of seil texture. This information should be
very useful when oconsidering the introduoction of suitable irrigation
methods,

Q. Statlstical analysis of the results reveals that the amount of fine
roots present in fine textured soile i=s signifiecantly less than that
of sorresponding depths in medium and light textured soils. The reason
for the limited root distribution in fine textured soils is the
relatively low porosity, which causes aeration problems and the
mechanical impedance preventing fine roots from penetrating deeper
layers, Contrariwise, the friability and the satisfactory asration
conditions existing in medium and light textured soils favour normal
root distribution in the soil prefile.

d. Noe significant differaenca wag cbserved between corresponding depths when
gomparing medium with light textured soils except in the case of the
&0-75% em layer. There was nowever, a tendenoy for light soils to
accunulate lesser amounts of fine roots than medium soils within the
first 30 cm.

8. The cumulative presentation of results (Fig. 1) indicates that the total
amount of fine roots is approximately the same in the cases of medium
and light textured soils. In the case of fine textiured soils fine roots
amounted to approximately 50% of those in medium and light textured soils,

f. In fully grown orchards the age of trees did not affeet significantly
root distribution. WNevertheless, a very small increase in the amount of
fine roots in deeper layers may be expected.

& Tne employed method of auger sampling for root investigation has proved
to be inadequate in determining medium root distribution (1-5 mm diameter)
within the sgoil profile. The non-uniform distribution of medium roots
both horizontally and vertically, may be responeible for this inadegquacy.
Tha circle segment method of root investigation in some orchards showed
that trees on fine textured soils tend to accumulate more medium roots
in deeper layers than lighter soils.

It is evident from the above that the greatest activity of fine roots is
concentrated in the surface soil layers. This fact should be given due
conzideration so that management practices which may damage the root system
of the trees may be avoided.
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ii. Pine root distribution in relation to citrus growth and produstivity

Cancpy volume and produetion resords obtained from the same trees used
for root investigation in about 25 Valencla orchards showed very significant
correlation between total fine roots and crown volume (r = 0.76) and
significant correlation between total fine roots and number of fruits per
tree (r = 0.59) and with the weight of fruits per tree (r = 0.54). The results
obtained suggest that Valencia at full bearing age could yield on the average
600 frults per tree in fine textured soils and around 800 in medium and light
textured soils i.e,, a difference of 13%.

Soil Salinity Status in the Morphou Citrus Area

In the Morphou area a tremendous expansion of aitrue plantations has taken
place during the last decade. MAs the =safe yield of the underground aguifer eould
not satisfy the newly planted areas overpumping has led to sea-water intrusiocn of
the aguifer which resulted in an increase in the salt content of the water in many
boreholes, thus inereasing the salinity hazard for the soils irrigated with such
water.

In this respect, sysiematic cbservations for two consecutive years concerning
the =oil salinity status in the Morphou citrus area were undertaken., About 40 full
bearing Valencia and grapefruit orchards (10-19 years ald), with waricus types of
s0il were selected. Composite =0il samples from 4-5 sites in each orchard were
taken from deptihs of 0-30, 30-60, 60-75, T5-30 and 90-105 cms. Sampling was
carried out at the end of the irrigation season i.e., in September-October,

The chloride content of waters ranged from less than 200 to over 400 ppm. The
electrical conductivity results of the various soil samples, lead to the following
conclusions: (Pig. 4).

i. Bl, values tend to increase with depth and this is more obvious in fine
textured soils. The percentage of fine textured soils having E0, values
over 2.5 mmhos/em is 40 in the 30-60C em layer, 75 between 30-75 em, and
85 between 75-105 em whilst in medium and light textured soils thie is 10,
26, and 31 respesctively. Satisfactory leaching of salts in heavy soils by
winter rains is not to be expected since rainfall in the ares is ome of the
lowest in the island and amounts to an average of 315 mm/year.

ii. W, values usually remain below 2.5 mmhnafcm up to a depth of 80 em in almost
all orchards sampled, irrespective of soil texture. This is very encouraging
because such values are not high enough to cause problems and also, as has
already been established, the great majority of active fine roots (about 80%
in such =soils) is found at this depth.

iii. EC_ wvalues of corresponding depths between fine textured soils on one hand and
medium and light scils on the other, reveal no significant difference for the
depths of 0-30 and 30-60 em whilst in the case of 60-75 and 75-105 cm depths,
fine textured soils show significantly higher EC, values than those of medium
and light textured szoils

iv. Fine textured soils although irrigated with water containing <200 ppm
chlorides, still had ECe values recorded in their subsoil exceeding 2 mmhos/cm,
On the contrary moet of the soils irrigated with waters containing > 400 ppm
chlorides are very sandy and the Elp, wvalues recorded in their subsoil

(60-105 em) are below 3 and even 2 mmhos/cm. Fine textured soils irrigated
with this water show BECe values exceeding 4 mmhos/cm.
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8.3.3

Irrigation of Shamouti Oranges with Saline Water in Famagusta

Shamouti (Jaffa) oranges, together with other ecitrus fruits, have been
axtensively grown in Famagusta for the last 60 years. This area is still the
largest Jaffa orange producing centre on the island.

The area under citrus within a 5-mile radius from the ccast of Famagusta
amounted in 1969 to approximately 1 300 ha half of which was under Shamouti oranges.
The gquality of the irrigation water had been good over the entire area until 1980
when, due to overpumping, sea-water intruded into the agquifer. The ill effects of
saline water on citirus have already been felt in many areas in Famagusta where a
substantial number of groves have already been destroyed and it may not be too long
before the remaining groves share the same fate, unless the estimated deficit of
4 to 5 million cubic metres of fresh water could be supplied to the aguifer or if
exploitation could be drastically reduced. However, since neither is likely to
happen, it must be expected that eitrus in the Famagusta area will have to be
irrigated with water of gradually increasing =alinity. Since citrus is sensitive to
salt, the use of saline water would require special irrigation management, some
aspects of which have been the objectives of a study undertaken by the Cyprus
Agricultural Research Institute between 1965-1969. The work was carried cut in
& Shamouti orange grove situated at the Government Nursery of Pamagusta. The trees
were spaced at 5.10 m both in the row and between rows and had been grafted on
sour organge in 1930,

Desaription of the soil profile, texture and moisture characteristics weare
presented in the previous chapter in Tables 4 and 5.

The quality of the irrigation water, which came from a borehole, was still
reasonably good in 1963 but deteriorated rather rapidly thereafter.

Table 7 CHEMICAL ANALYSIS OF THE IRRISCATION WATER
(sampled on 27 August 1968)
Caticns Anions
meg per litre
Ca 1.9 HGG3 1.2
Mz 21.7 GOy NIL
Na 14.1 304 3.6
K 0.3 C1 37.3
pH 8.2
Me 4.5 mmhos/em at 25°C
Boron 0.18 ppm
S.4.R, 44




The water was conveyed to the orchard through a pipeline and applied to the
basins of the treea through hoses. Bach tree received 1.3 kg of triple super—
phosphate in December and 5.2 kg of sulphate of ammonia in four split applications
in March, May, July and September., Evaporation measured from 1967 until 1969 ranged
in average from 1-2 mm/day in December—January and 7.5-8.5 mm in July.

The soil was sampled in spring and in autumn, and in 1967 at more regular
intervals throughout the irrigation season. The yield was recorded as number and
weizght of fruit. The peel thickness and the juice content of the fruit, and the
sugar and acid content of the juice were determined as well.

The monthly rainfall over the period 1965-1969 is presented in Table B.

Table 8 MONTHLY ERAINFALL (mm) FAMAGUSTA GOVERNMENT NURSERY
Nonth ﬂ:’;fzf;*gggr 1965/66 1966,/67 1967 /68 1968,/69
October 29 a8 16 37 35
November 45 4 125 05 &8
December 107 54 52 50 124
January 50 59 T2 B2 202
February 61 32 57 34 2
March 33 21 G2 5 78
April 17 3 39 10 2
May 14 8 29 Nil 5
June 5 Nil 12 Nil Nil
July Nil Nil Nil Nil Nil
August Nil Nil Nil Nil Nil
September 3 Nil Hil Nil Nil
TOTAL 404 274 464 283 516

Four experimenis were carried out from 1965 to 1968,

Experiment 1. Comparison of Four Frequencies of Irrigation Based on
Soil Water Tension — 1965

Four tension values were selected representing 1, 5, 9 and 13 atm averagze
tension over the 0-1.50 m prefile; irrigation wasz applied whenever water tension
in the seil had reached these values., Differential irrigation began in late May
and its average frequency was 11, 13, 16 and 18 days respectively from molsture
tenslone of 1, 5, 9 and 13 atm, The volumes of water applied between late May
and Ootober ranged between 3 750 and 4 275 m3 per ha.

Differences in yield among the plots under the various frequencies of
irrigation were not statistically significant (Table 9 and Fig. 5).



1965
1966

1967

1968

Table 9 NUMBER AND WEIOHT OF FRUIT HARVESTED FROM SHAMOUTI ORANGE THEES (SINGLE-
TREE PLOTS] OVER THE PERIOD 1965-68 PAMAGUSTA OCOVERNMENT NURSERY
o Blook I Bloek II Bloek III Bleek IV Blook V Mean I 3.E.
Year ment Waight Weight Weight Weight Weight Weight
code 1/ No. {ke) No. (kg) No. (k) No, (kg) Na. (kg) No. [ kg)
A 433 a8 500 104 550 117 788 164 407 B8 | 535 112
B 317 £1 340 T 466 119 661 127 401 a1 | 437 92
1965 c 682 140 493 102 438 95 501 103 426 B9 [508 o 106 O
T 5&6 133 447 104 696 148 575 116 451 87 |s5a1 T 118
Total 1958 422 1780 I 2150 479 2525 510 1685 345 '
A 571 158 285 85 288 a7 467 115 324 g1 | 387 108 .
—_— B 586 i1z 479 106 1046 18R 451 110 128 44 | 546 & Ha o
2 c 53% 126 13 46 T34 142 348 92 261 75 | 403 = 96 -
T T4 177 348 101 701 144 606 156 266 72 |534 41 130 4+
Tatal 2447 573 1243 338 2769 561 1g02 473 989 272
A 988 197 778 147 915 168 1078 209 974 178 | 947 180
196 3 567 109 T44 138 192 54 ggz 161 709 144|615 . W 4
i c B28 156 83 154 299 70 748 142 926 177 728 © 140
D 909 174 TE 154 19 148 1243 214 Q17 174 913 +1 173+
Total 1292 636 076 593 2185 440 39 724 1526 673
A 1087 223 2o 142 416 104 T62 184 488 131|675 157
1068 B 685 122 708 143 g2 183 787 186 409 108|694 148 o
9 c 538 133 188 a7 503 183 475 129 532 141 | 527 = 13 @
D 943 198 B 187 780 163 477 133 552 152 Imis o 167
Total 3253 676 2357 539 2981 £33 2501 632 1961 532

1/ Explanetion of freatment code

The irees were irrigated with sufficient water to return the top 5 ft of soil to field capacity whensver the soil moigture
content (dry weight basis) reached: A 3.4%, B 3.0%, C 2.84, D 2.5%. '

The trees were irrigated with sufficient water to return the top 5 fi of soil to field capacity A every 5 daysa, B evary
10 daya, ¢ every 15 days, T every 20 days.

All {irees were irrigated whenever cumulative pan evaporation reached 50 mm (approximately &t weekly intervals) with amounts of
Water in axcess of the water reguirement in order t¢ leach the soil profile,

of the water requirement were 4 nil, B 20%, C 40%, D 604,
The trees were irrigated as in 1967 but received higher leaching treatments as follows: A nil, B 33%, 0 67%, D 1004,

These leaching regimes expreseed ag a percentage




No. of Oranges /Tree (hundreds)

10

Experiment 2. Comparison of Four Frequencieg of Irrigation Fixed
orl a Calendar basis - 1%6%

From the axperience gained with the previous experiment the Four irrigaticn
frequencies were fixed at 5, 10, 15 and 20 days, In thie way so0il samples had to
e taken only vefore each irrigation. The assumption was made that evapotranspiration
was not affected by the frequency of irrigation. Therefore, amounts of water iwice,
three and four times that applied with the G-day frequency were given with the 10,
15 and 20-day frequencies, respectively. The amount of water applied with the S-day
frequency of irrigation was determined, by =soil sampling, to bring the soil to field
capacity to a depth of 1.50 m.

The wvolume of water applied grum 23 May, when differential irrigation began,
until % December was about 7 500 m~/ha in all treatments.
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Source: COCyprus Agricultural Research Institute Techn, Hull. &

Lifferences in yield among tha trees under the various frejguencies of
irrigation were not statistically significant (Table 9 and Fig. 5); the average
¥ield per tree over all treatments was 427 fruits. However, it was observed that
the peel of fruit borne cn the most frequently irrigated trees was noticesbly
rougner than that on trees irrigated less freguently but with higher amounts of
water,

Experiment 3. Comparison of Four Leaching Regimes - 1967

In 1967, irrigation was timed on pan evaporation so that weather changes
could be ftaken into account. Pan evaporation of 50 mm was chosen as a reasonable
and convenient measure of the interval between irrigations. With an average
evaporation of ?mmjﬂay from June to August, the interval between irrigations was
T days.



As the irrigation water was saline, it was considered desirable for the
expariment to be modified into a leaching experiment.

The water requirement of the trees was assumed to be 60% of pan avgpnratiun.
Thus trees under "no leaching" were irrigated with 30 mm of water (300 m fhaj
whenever cumilative pan evaporation reashed 50 mm. Trees receiving leaching
treatments were irrigated with amounts of water 208, 40% and 60% in excess of
this basic water reguirements.

411 trees were irrigated uniformly from March to May with a total of 2 275 m3fhn
given in nine irrigations. Differential irrigation began on B June and ended on
20 November, During this period 17 irrigations were given and the volumes of water
applied were 4 875, 5 850, 6 B25 amd 8 550 m3/ha.

These treatments did not result in any significant differences in yield except
in the case of treatment B (20 leaching) (Table 9 and Fig. 5). It must be pointed
out, however, that the low mean production of £15 fruits per iree ob#ained with the
20¢. leaching treatment, resulted from the exiremely low production (192 fruits) of
one tree under that treatment. The same tree produced 1 046 fruits in 1966, which
indicates how pronounced biennial bearing can be.

The concentration of salts in the soil profile as evidenced by the electrical
gonductivity and the chloride concentration of the saturation extracts ie presented
in Fig. 4.

Experiment 4. Comparison of Four Leaching Regimes - 1968

The leaching regimes applied were higher than those tested in Experiment 3,
the highest being 100% of the estimated water requirement of 4 275 m3/ha during
the period of differential irrigation (May-mid-November).

Again the trees were irrigated whenever cumulative pan evaporation of 50 mm
had been reached, Irrigation was uniform in March and April when all treas
received § 225 m3 of water per ha in two applieations. Differential irrigation
began in later April after fruit set, and ended in mid-November. In all, 23
differential irrigations were given.

As the plantation was found to be infested with the virus Tristezm, the trees
were uprooted in Mareh, 1969, It was guite remarkable to observe relatively thick
roocts extending beyond 2 m in depth and § m laterally.

Digecugsion of the Hesults

Gitrus is considered sensitive to salt (U.S. Salinity Laboratory Staff, 1954)
although this sensitivity has not been satisfactorily expressed in quantitative
terms., However, it is fairly well established that some rootstocks may withatand
higher salt concentrations than others. Thus Bernstein (1965) suggested the
following safe maxima of chloride soncentration in the soil saturation extracts:
for sweet orange and citrange 10 meg/1, for sour orange, ro lemon and tangelow
15 mag/1, and for Rangpur lime and Cleopatra mandarin 25 meg/l.

Bernstein also suggested as safe highest conductivities of soil saturation
extracts 2,5 mmhos/cm for lemon and 3.0 mmhoas/cm for orange and grapefruit., He
also suggested that in gypsiferous soils, lemon could withstand conductivities up to
4.5 mmhos/cm, and orange and grapefruit up to 5.0 mmhos/em. Lahaye and Epstein
(1969) demonstrated the beneficial effect on plant performance of Ca ions in saline
solutions.
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The water used in these experiments contained more than 1 000 ppm (30 meg/1)
chlaride and had a conductivity value of 4 to 5 mmhasfcm. That such =aline water
did affect the trees to a certain extent may be almost certain although cur own
data do not permit this conclusion. However, the performance of the trees under
the circumstances is remarkable. The adverse effects of the saline water used on
the trees must have been mitigated by one or more of the following factore:

a. the sandy texture of the top 180 em of the soil

b the low godium adsorption ratioc {3AR 3.4) of the irrigation water
G tne deep root system of the traees

ds the relatiwvely freguent irrigation

e. the effective leaching of salts by the winter rainfall.

The available water held in the top 18C em of the soil following each
irrigation wae 15 em. Assuming an average ratic of evapotranspiration pan
evaporation of 0.%55, it may be shown that the treezs which were irrigated whenever

pan evaporation of 50 mm had been reached, did not deplete more than about 18 of
the available moisture between one irrigation and the next.

Furthermore, it may be shown that with an average walue of the 3. of 4 mmhos/om
over the 180 em profile occcurring during the later part of the irrigation season, the
osmotic pressure of the soil solution at field capacity was about 3.8 atm.

During the irrigation season salis acounulated in the top 180 cm of the =oil
in amounts inversely propartional to the volumes of water applied (Fig, 6).

It is interesting to note in all cases a relatively lower concentration of
salts at the depth of 1.50 m. This may have been caused by the temporarily
perched water table at the sand/clay interface at 1.50 m.

The efficacy of even relatively limited winter rainfall, as that in 1967/48,
in leaching the top 180 cm of the soil is noteworthy. This clearly shows that
intermittent leaching under conditions of unsaturated flow can be very efficient as
demonstrated by Biggzar and Nislsen (15967).

Though winter rains may be efficient in leaching the salts, our results
guggagt that in crder to secure a satisfactory level of leaching a certain excess
alf water snoculd he applied during the irrigation season. Under the conditionz of
this work an excess of watar equal to BDﬁ af the water requirements would seem
adsguate.

It may be worth pointing out haere that flowering and fruit set occurred when
s0il salinity was at its lowest level (April-May).

Overall yield varied considerably from year to year {Table 9 and Fig. 5).
Yields of irees under treatment B though, did not follow this pattern. However,
a close examination of individual tree yields revealed appreciable differences
Trom year 4o year in all cases, treatment B included. [t may also be worth
mentioning, that in ceriain cases these variations in yield wers so considerahble
that yields of trees receiving the same treatment and in the game year differed
as wuch as fourfald (c.f. treatment B, Blocks III and IV, 1967, Table 9}. But not
aven a trend of a treatment effect on yield could be discerned.



Leaching reduced peel thickness of the fruit significantly (Table 10}, and
it is apposite to mention in this connexion that, according tc the Turopean
Common Market standards, peel thickneases in excess of 117 of eguatorial fruit
diameter are not acceptable,

Table 10 LEACHING REGIMES AND PEEL THICKNESS OF SHAMOUTI
ORANGES, 1966 1/

Peel thickness as a .
Leaching regime Peel thickness percentagze of ajquatorial
(% of water requirement) i fruit diameter
] 8.0 10.4
a3 Ts2 0.5
67 8.0 He9
100 6.9 8.8

1/ TDetermined on 20 fruits from each tree (five single—tree replications)

Source: Cyprus Agr. Res. Inst. Techn. Bull, 6

The juice content of the fruit was about 30%,considerably lower than it is of
Valencia oranges (about 45%)}. The citric acid content of the juice was about 1.6%
and the sugar/acid ratioc about 7.8. 1In none of these traits were any treatment
effecta obeerved.

Chloride concentration in the leaf dry matter ranged betwsen 0.4 and 1.0¢ and
it followed c¢losely the leaching regimes applied, being highest where no leaching
had been allowed (Table '1}, and being in all cases in the "high" %o "excess"
range. The concentration of sodium was alse in the "excess" range bub was not
affected by leaching. In contrast, boron did not mccumulate in the leaves to reach
the "excess" range.

Some leaf bronzing and leaf burn was cbserved but its severity could not be
easily related to leaching, Txcessive leaf drop, and twig dieback were also
obeerved but these, tooc, could not be easily related to the treatments applied,

In conclusion, it may be pointed out that despite leaching, the nitrogen,
phosphorus and potassium concentration in the leaf dry matter increased slightly
with the higher volumes of water applied.



Table 11 LEACHING RHREGIMES AND CHEMICAL COMPOSITION OF
SHAMOUTI ORANGE LEAVES SAMPLED FROM NON-
FRUITING TERMINALS ON 23 SEPTEMBER 1968

Leaching Concentration of element in leaf dry matter 1/
regime (% of
water PRIREIE PPR
requirement) B P ¥ Ca Mg Na Cl B Fe Zn2/
0 2.61 0.13 0.77 4.91 0.78 0.26 1.01 86 102 277
33 2.65 0,14 0.79 5.20 0.T8 0.26 0.82 a1 104 267
&7 2,70 0.14  0.93 4,79 0.7 0.27 0.64 | 95 88 260
100 2.7T3 0.164 0.98 d.62 0,68 0.30 0.52 a5 99 217
5.z, 20.02 *0,003 £0.04 %0.11 20.06 *0.02 $0.07
Significance " *x “ * N.S. N.S.,  #=

1/ Means of five replications except for B, Fe and Zn, which were
determined on one compound sample from each treatmant.

2/ The foliage had been sprayed with Zn in spring 1968.

Source: OCyprus Agr. Res,. Inet. Techn. Bull., 6.
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irrigation seasons)

Source: Cyprus Ag. Hes, Inst, Techn, Bull. 6




From the experiment already described we may ccnelude that Shamouti orange
trees grafted on sour orange growing in sandy soil may continue fo produce satizfactory
yields when irrigated with saline water (%0 4 to 5 mmhosfcm} provided they are
irrigated relatively frequently (weekly) and the moil is thoroughly leached by the
winter rainfall.

Under the conditions of this experiment, the leaching reguirement during the
irrigation season would be about 30% in excess of the actual weter rejguirement.
This ie much lower than the caloulated leaching regquirement for an assumed maximum
of permissible elecirical conductivity of the saturation extract of 4 mmhosfcm
(U.S. Salinity Laboratory Staff, 1554). However, under different scil conditicns
and/or summer evapotranspiration, the leaching regquirement mizht have to be
increased.

8.3.4 Water Management of Sandy Soils

In Cyprus water is scarce and 1imited and every effort should be made to
utilire 1t in the most efficient way.

The eontinuing overpumping of almost all aguifers and the corresponding
lowering of the water table, raised pumping coste considerably the last two years.
In Western Mesaoria the cost of pumped water is 10-12 mils/m3. In Bastern Messcria
it is 10-40 mils/m3

With respect to surface water, the geological formations and the topography
of river bamine have increased considerably the cost of construction of dam
reservoirs, thus irrigation water from these sources costs 30-50 mils/m3.

In view of the above and the dangers involved from sea water contamination
that takes plase in most of the aguifers, the use of certain water management
meagures has become mandatory.

In the following lines an effort is made to analyse these measures in relation
to past and present water management.

i, Source of water and water gquality

a. Eastern Mesacoria

The only source of water for irrigation is a fairly shallow
aquifer that is severely overpumped.

Several water analyses showed that in most of the cases the
ohloride content of the water (during the drought years) is in the
range of 450-600 ppm. However, cases with 900 — 1 200 ppm chloride
content are not rare. Only in very few cases the chloride content
of the water is arocund 200 ppm.

b. Western Mesaoria

The sandy solls of this region are alse irrigated from ground-
water. The chloride content of irrigation water varies from horehole to
borehole and it lies within the range of 350-900 ppm. About 755 of the
area is irrigated with water containing chlorides below 500 ppm.



ii.

Uspe of Water

The main lesees of water during irrigation are due to:-

a. Conveyance of water in earth channels and

b. Inefficient irrigaticn practices and schedules,

Contrel of conveyance losses

Conveyance losses are a function of so0il type, lenzth and slogpe
of channel, flow of water, and kind and growth of vegetsation present
in the channel. :

Ten years ago conveyance of water in sandy scils was done through
unlined earth channels. As a conegequence substantial amounte of water
were lost dus to deep percclation and evapotranspiration. The problem
was more acute in Zastern Mesamoria where the discharge of individual
boreholes and wells was in the range of 15-10 m2/hr. The water conveyance
efficiency was estimated at £0-£5% because of the relatively short
distances involved.

In Western Megacria where the discharge of the borencles was
30-120 m3/hr the problem was not so acute in terme of water availability
for irrigation af'ter conveyarice, but the losses of water were wvery high
since water had tc be conveyed for long distances to reach the irrigated
fields. It is esgtimated that 10 years apoc the conveyance efficiency in
this region was J0=S04.

New in woth regions water is conveyed from the source to the field
through pipes. Only in a very few cases is weter conveyed in conerete
channels. The present conveyance efficiency is eatimated at 90-95% in
both reglions.

Irrirpation practices

The developments which have taken place in the irrigation methods
in Cyprus during the last decade may bte clearly observed today in many
instances where old and traditional surface methods ecoexiet with modern
efficient irrigation methods. This is more common in Western Mesmoria.

T Traditicnal surface methods of irrigation

i, Border strip

This syetem, in its different forme and variatione, is the
predominant one in Western lesaoria sandy soils, The land is
divided into a number of strips 5-8 m wide and 40-50 m long
separated by low leveesz or borders. 1In the case of trees,
every row of trees is included in each strip.

Advantages

a. By this method an indiwvidual can handle 6£0-100 m3fhr.
This is the major reason why this methed is used in
Western Mesaoria where Fairly big flows of water are
available,

©. GSmall initial investment is required.



Dizadvantaces

a. High water losses due to deep percolatlon especially at
the beginning of each strip. Water disecharge, length of
run and land slope, do not provide the best possible
combination for an effieient and uniform water application.
¥rom tests carried out, it appears that the application
efficiency for young trees 1= 15—2@% and for mature trees
45-50%.

bs HNon-uniform water application due improper levelling.

ii. Furrow basin

This praciice ig followed in Eastern Mesaoria and it basically
refers to the construction of indiviﬁual pagins for each tree
and the diversion of water to each bagin from a distribution
sygtem of furrowsz. Thirty percent of the citrus grown on the
sandy scils of Bastern Mesaoria is irrigated with this method.

Advaniages

a, Irrigation can be made with emall water discharge.

be Limited initial investment.

2. Heduced losses of water as compared toc the border strip
method. The application efficiency is estimated to e

in the ranges of 60-65%,

d, More uniform distribution of water in the soil as
compared to the border strip method,

Disadvantages

a« Through this methed it is not possi®le to measure the
Wwater diverted into each basin, henca, deep percclation
or under-irrigation cannot be controlled.

B, Losses af water in the distribution system of furrows
due to the growth of weeds and deep percolation.

iii. Furrows
The convential furrow method is not practised in the sandy
zoil of Cyprus. However, for the irrigation of vegetables in
Tastern Mesaoria short furrows (3-5 m long] are used,
Advantages
a. Irrigation can be done with small discharge.
©. Low initial investment.
Digadvantages

a., Losses due to deep percolation and weed growth.

bs Non-uniform distribution of water.



2. Improved methods

i.

ii.

iii.

Hose and pipe basin

This is an improvement of the furrow basin method and is used for trees.
The water is diverted into individual basins through hoses aitached to a
gemi-permanent,0losed conduit distribution system. The discharge of each
noge is measured and therefore the grower can be advieed on the time
required to leave the hose discharging in each basin. The pipe basin
method operates on the same prinoipls. Portable pipes instead of hoses
are used to divert water into each basain.

Seventy and ten percent of the eitrus grown on Eastern and Western
Mesaoria sandy soils respectively, are irrigated through these methods.

Advantages

a. Water losses are eliminated. The application efficiency
is around 80%.

b. Leaching of salts can be done very efficiently.

e, Heduced weed growth especially in young orchards,

Disadvantages

a. High initial investiment,

b. A& grower can handle 30-35 m3fhr and, thersfore, the number
of persons required to operate a system with high discharge
(90 m3/hr) is increased. Still the labour cost of this

method is not higher than that reguired for conventional
methods.

Hose furrow

This is an improvement of the short furrow method. The water is diverted
into eaech furrow through hoses connected to a semi-portable, closed conduit
distribution system.

Advantages
Controlled water application as compared to short furrow

method and therefore reduced losses of water. The application
efficiency is estimated to 55-T0%.

Disadvantages

High initial investiment.

Sprinkler irrigation

In Cyprus, there are two types of semi-portable sprinkler systems in use:
one is the drag system and the other the conventional system with
portable pipes. However, due to the relatively high conceniration of
sodium, chlorides and boron in the water uped for the irrigation of
different crops grown on sandy soils, end the dangers involved with
respect to leaf burn and defoliation thie method is not common,



iii.

iv. Triekle Irrigation

Trickle irrigation has been introduced in Cyprus the last few years and
it is used successfully for the irrigation of vegetables, Due to the
sconomic advantages of this method there ie a tendency in Bastern
Mesmoria to replace other methods with trickle in irrigating early
vegetables,

Advantages

a., HReduced losses of water during irrigation. Application
efficiencies arcund 90% are common.

b. Reduced weed growth.
c. Increased yields as compared to other irrigation methods,

d. Heduced labour cost.

Disadvantages

a. Very high initial investment especially in sandy soils
whare an increased number of emitters should be used.
This is demonstirated in Fig., & which shows the horizontal
and vartical movement of water in sandy =oile irrigated
with this system.

b. If the palt content of the water is relatiwvely high,
leaching of salts from the soil ie required., This ecan
ba achieved by either leaving the irrigated land stand
fallow so that winter rains may take care of leaching,
or by ueing sprinkler systems to leach the =malts after
the irrigation season is over. In the latter case the
trickle system is designed in a flexible way =o that
sprinklers may also be used.

Water management measures aiming at efficient water use

An asgessment of the various irrigation methods has led to the promotion of
of improved irrigzation practices (hose and pipe basin, sprinkler, hose short
furrow and trickle) and schedules which were considered necessary., Therefors,
the Jovernment acting through the Water Use Improvement Project provides both
technical and financial assistance to all interested farmers in order to

install improved irrigation methods and follow the appropriate irrigation
schedules.

As technical assistance the water use personnel prepare the designs of

improved irrigation systems, supervise the installation and prepare the
necessary irrigation schedule.

As financial assistance the Jovernment provides subsidies that cover 15% of
the cost of the improved irrigation system and offers long term loans at 43%
interest in order to cover the remaining B5% of the cost.

The benefits derived from this Project may be summarized as follows:
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8. Due to the economy of water achieved some irrigated crops may be
saved from destruction. This acreage will be proporticnal to the
amount of water saved.

©. Saving in pumping cost and labour.

¢. Increase in yield due to uniform distribution of water in the
root zone and the use of appropriate irrigation schedule.

The Fertility Status of Sandy Soils

The sandy soils encounterad in Gyprus are mostly calcareoue (10-30% Ca0.),
poor in organic matter ( €1%) and indigenous phosphorus. Crops grown on such 3
s0ils respond to nitrogen and phospherus and to a lesser extent to potassium.
Farmyard manure is commonly used by growers for improving the structure of gandy
soils, however, green manure and other scurces of organic matter are also applied
but on a smaller scale, Chemical fertilizers, such as sulphate of ammonia, calcium
ammonium nitrate, urea,triple superphosphate, potassium sulphate and potassium
nitrate as well as mixed chemical fertilizers are the main sources of nitrogen,
phosphorus and potassium.

Under irrigation there iz an unrestricted downward movement of sclubla
nutrients such as nitratea and potassium and, therefore, frequent low dressings of
nitroegen and potassium are more efficiently utilized.

A survey of citrus groves in Cyprus concerning their nutrient element gtatus,
allows the following main conclusions o he drawn:

i. No signifieant ocorrelation exists between the nutrient contents of plants
grown on light and medium, and heavy textured scils. The human factor
apparently is responsible for this, since each citrus grove is managed by
its individual owner, hence, even if there were any differences that might
have occurred due to the soil factor, these have been offset by the grower's
management practices,

ii. With the exception of potassium where "low" values («£0.6%) have been
observed in approximately 40% of the groves sampled, all other major
elements appear to lie within permissible limits., Due to the high caleium
carbonate content of the soil the calcium contente of citrus leaves wers
high as well (4-6%},

iii. Zine and manganese trace element deficiencies are widespread. Approximately
50 and 80% respectively of the groves sampled show ginc and manganese levels
below 24 ppm with the majority lying in the 10-15 ppM Tange,

iv. The beron contents of the groves sampled lie within permissible limits but in
many instances these values are considered as "high" (100-200 ppm). The main
source of boron appears to be the irrigation water used by the growers.

Leaf contents of the other nutrient elements appear to lie within "optimum"
limits. It should be noted that through the Leaf and Soil fnalysis Project of the
Ministry of Agriculture and Natural Resources the citrus groves are bheing closely
watched in order that any nutritional problems arising may be effectively dealt
with in time.
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Hegional Land and Water Development Officer
RANEA, Cairo

SUMMARY

Sandy scoils, characterized by specific physical, chemical and nutritional
properties, require the application of speecial so0il and water management practices
and adherence to certain oropping patterns to render their utilization economic.
Their widespread ccourrence in the Near Eaast region, as well as in other parts of
the world, entails the need to pool available information and to coordinate research
work on their effective utilization.

An applied regearch programme on sandy soils should be oriented to assure
protection againet wind erceion, improvement of water holding capacity and fertility,
pelection of efficient irrigation methods and discovery of the proper cropping
systems. The paper cites a number of possible lines of research on sandy scils.

A propoeed approach, based on regional cooperation to solve sandy soil problems,

is suggested on the following lines: delineation through soil survey of sandy soils
gusoeptible to wind erosion, establishment of representative pilct stations for
field, greenhouse or laboratory experiments, establishment of representative pilot
areas for land and water development studies on sandy soils, collection and exchange
of information and execution of fundamental research.

INTRODUCTION

A wide range of varying levels of productivity can be expected from soils that
are gandy, loamy sand or sandy loam, depending on their inherent physical, chemical,
mineralogical, microbiological and pedogenetic properties. Sandy soils are
characterized by the dominance of the sand fraction, low water holding capacity,
low nutrient status and organiec matier content, small surface area and low exchange
capacity. Such properties require the application of special soil and water
management practices and adherence to certain eropping patterns to render the
utiligation of sandy soils more economiec.

Realizing that sandy soils oecur widely in the Near Bast regiocn as well as in
gome other parts of the world, there is a need to pool information and coordinate
research activities on these soils on a regional basis. In formulating an applied
regearch programme for sandy soils, provisions should be made for soil and
hydrological surveys, mapping combined with land evalustion, laboratory investigations
experimentation programmes and implementation of these.
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3ASIC REQUIREMENTS FOR RECLAMATION, IMPROVEMENT AND MANAGEMENT OF SANDY
S0ILS

For optimum utilizaziion of sandy soils, five main regquisites need to be
assured:

i, Protection from the effects of wind erosion through the establishment of
windbreaks and atrip cropping.

ii. Improvement of their structural conditions, particularly thelir water holding
capaclty, by the application of & combination of soil and water management
practices and selection of appropriate cropping systems, preferably with an
animal preocduction component.

iii. Improvement of their inherent fertility through fertilizer use in conjunction
with grass and legume structure building practices.

iv. Selection of an irrigation method which maintains the timely availability
of water to orops coupled with the maintenance of an optimun salt and water
balance,

i Selection of +he oropping system whieh satisfies requisites (1ii) and (iii)

with a view to achieving the maximum economically profitable return,

The applied research programme on sandy soils must, therefore, be oriented
go that it provides solutions to these five bagic requisites for the utilization of
sandy soils.

POSSIBLE LINES OF HRESEARCH ON SANDY S0ILS

Pield experimentation is necessary to arrive at pertinent decisions on the
details of s0il and water management practices in relation to crop production
factors. The field experimentation programme, nowever, Will hawve to be supplemented
with mpplied research of a more fundamental character, bearing on the main relevant
ohysical and biclogical phencmencn that determine the practical success of land and
water use in arid and semi-arid environments, The following are cited as possible
applied research subject matters:

i. Origin of sandy soils in terms of geomorpholegy, lithology, effects of past
climates upon their pedogenesis, use of heavy mineral and micropedological
techniques and granular analysis and interpretation.

ii. Behaviour of orgamic matter under arid and semi-arid conditions, microbial
activity under drought and moist oycles and role of organic matter and humus
in sandy soil fertility and struoctural conditions.

iii. Hardpan and compacted layers in sandy soils: their physico—chemical
conetitution and measures for thelr mmelioration.

iv. Optimum cultural practices for sandy soils.

Ve Effect of the prevailing msgroclimate upon sandy soil temperature and moisture
conditiona, availability of nutrients, particularly nitrogen and phosphorus
and soil structural conditions.

vi. Soil temparature in arid snvironments dominates the soll properties, crop
behaviour, effects of water in accelerating the weathering cycles of minerals,
activity of soil mieroflora and microorganisme, solubility of nutrients,
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vi. {continued)

ingulation and ecil moisture coneervation effects of crop residue mulches, =to.
Hence, research on the interaction of soil femperature effects on the
forementioned areas would he relevant.

vii. @Quality of irrigation water in relation to sandy soil salinization.

viii. Criteria and standards of soil salinity and guality of irrization water are
required especially in relation to the tolerance of crops and crop productivity
in sandy scoils.

ix¥. Effects of wind erosion on sandy scils and measures For tneir control.

Xa Hutrient availability and fertilization under varying crop and water quality
gystems in sandy soils

PROPOSED  AFPRCACH FOR  SOLVING SANLDY S80ILS FROBLEMS

To realize effective soluticns to the field problems of sandy =oils, it is
necessary that a concerted cooperative and regional approach be taken by the
countries of the Near Fast along the following lines of action:

ia Delineation thkrough s0il survey of sandy eoll areas that are acutely
afflicted with wind erosion problems. This field study would hawve to
we combined with a detailed characterization of the soils in relation
to their enviromment througn land avaluation survey and mapping.

1i. Establishment of representative pilct experimental areas for the conduct
of laboratery, greenhouse or field experimentation on: (a) multivariant
single or double factor experimenis, (b) multivariant multifactor
experiments. The subject matter of this programme could be selected from
the relevant facets of soil physics, =o0il chemistry, soil microbiclogy, soil
fertility and plant nutrition. As an integral part of thias approach, field
experiments on the following factors are proposed: nultural practices,
crops and cropping patterns, irrigation and drainage practices, amendment
and fertilizer applications.

iii. Eetablishment of representative pilot development areas incorporating the
alternative land and Water use syatems of sandy soils whereby cropping
patterns of relevance fto the local rural community can be implemented. To
achieve this care should be taken to apply the pertinent reclamation,
improvement and management practices for sandy soils. 3Since thesge Tield
operations should be carried out to obtain profitable mgricultural production
on egonomic grounds, it is imperative to keep the input/cutput record of
the major field cperations. This information must be duly analysed and
interpreted in terms of the criteria for realizing economic profitability.

ive Tasthemonatration field operations on the basic scil and water coneervation
and management improvement practices of sandy scils both at the farm and
atate farm levels, whereby combinations of effective measures are applied on
as large a number of farms as is feasibvle. Clcse cooperative and cocordinative
links ghould be maintained between this actiwity and that of the applied
research field experimentation and pilot development activities through
organizing regular field meetings and discussion sessions between the
technicians and the fTarmers and definition of the roles of the participants
in the cooperative action programme.



Vi

Gollection, review, analyesis and dipssmination of the literaturs on relevant

problems of sandy soille published in the countries whers progress has been
achieved in this line of action.

Applied research of a more fundamental character should supplement the work
on gandy aoils in the pilot experimental and development areas.
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I7. COUNTRY REPORTE

APGHANISTAN
oy

Dest M. Hoori
Minigtry of Agriculture and Irrization
Kabul, Afghanistan

INTRODUCTION

Mogt of the soils under arid and semi-arid climatic conditions in ATrhanistan
are signifieantly characterized as zonal sgils. These are grouped in the Sreat Soil
groupe such as desert scils, grey desert soils, red desert soils, sierczem, reddish
orown ecils and brown scils. Some other Great Soil groups under the orders of fzonal
and Interazonal are comprised of repcsols, lithosols, mlluviels, solanchas<, and
solonetz soils.

Mainly these desert scils are unstable regarding structure stability and more
porous thas alluvial soils. Water holding capacity is low, permeability and
infiltration rate are high due to cgarse texture, and limited contenst of organic
matter.

Where caleification and gypsification are the main chemical processes, the
predominant cation is saleiwn which has ziven a calcareous characterigtic to the
s0ils in mest cases.

Tue to the limited amount of precipitation, especially on the alluwial
deposits in arid regions of Afghanistan, these soils owe their distinctive
character toc the fact that they contain exceasive amounts of either soluble salts
or exchangeable sodium or both. For agricultural purposes such soils are regarded
ag probleam soils which regquire special managemsnt practices.

PHYSICAL AND CHEMICAL ZPROPERTIES

Phygical Properties of the Soil

Among the most important physical characteristics of these soils under arid
and semi-arid regions are: structure, soil-water, temperature, azeration, infiltration
rate, permeability, density and pore-size distribution. There is a wide range of
varistion regarding physical propertiles of %these solls in the country. For example,
alluvial seoils, sierozems and brownscils are more productive and have more moderate
thysical properties than desert soils, regcscle and lithosols. e can conclude that
most of the soils in arid and semi-arid regions are unsiable in gtructure, loW in
organic matter and high in apparent densgity.

In general, organic matter content even in the alluvial deposits is not aigher
than 2.5 percent, while the organic content in sandy scils is less than 0.7 percent.

Chemical Froperties of the Soil

S0il reactiocn is one of the most important factors whichk affects the uptake of
plant nutrients in a large extent. The pH of the soils, except irn forest areas is
generally higher than 7. BSeil reaction is dependent upon the composiiion of
exchangeable cations, the nature of the cation exchenge materisls, and the
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compesition and concentration of soluble salts in the soila,

Goils having pH greater than 8.5 indicate an exchangeable sodium percentage of
25 or more, Seils having pH wvalue lower than 7.5 contain almest no alkaline earth
carbanates,

In our case, due to the arid and semi-arid climatic conditions, pH is zenerally
greater than T, because of the high amount of alkaline earth carbonates and high
exchangeable sodium percentage.

on the vasis of the above-mentioned date salt affected =soils in this region
are glaseified az followa:

EC x 103 ESP pH
Ta Normal =oil Eay. | <15 <8.5
B Saline soil =4 <15 < 8.5
1. Sodic soil <4 =15 >8.5
d. Saline sodic =eil =4 =15 8.5

591l reaction combined with other factors such as cation exchange capacity
which consists for the most part of varicus elay minerals, soluble salts; and crganic
matier are the moat important factors congidering chemical properties of the soils.

In Afghanistan dus to the high pH of the s0il and the high amount of alkaline

earth carbonates and low organic matter content, Tixation of phosphorus makes it
less available to plantes.

ORGANIC MATTHER CONTENT AND MICROBIAL ACTIVITY

1.2.1 Crganic Matter Status in the Scils

In the arid and semi-arid regions where precipitation is a limiting facteor,
lack of vegetative cover and the decomposition of organic matter is an effective
provlem in these regiona.

It has been recognized that organic matter and clay fractions are both
responsible for the major portion of soil aggzregation. Organic matter has also
an effective influence on the release of macronutrients which makes them more
avallable to the plant use.

In Afghanistan where annual precipitation is limited, organic matter content
is very rare in the desert =oils, lithoscls and regosols, but in the sierozems,
brown and alluvial soils, the organic matter content is present up to 2.5 percent.

A1l these beneficial effects on soil ageregation stability, formation of the
clay particles and release of micro—elements are originated from the integrated
activity of =oil micro-organisms, decomposition of organic matter and other related
factors.

1.3.2 Microbial Activities in the Seoil

The decomposition of organic matter is very important for the astability of
01l structurs. Organic matter without mological transformation by fungi actinomy—
cetes, bacteria and yeaste has 1ittle, if any effect, on soil aggregation. Organic
matter itself is a source of energy for =oil mioro-organisms without organic matter,



organisme are ineffective in producing scil aggregation.

These micro-organisms under suitable corditions produce a larse nunter of
mycelia, thersfore, these mycelia under metabelic processes synthesize nore complex
organic melecules.

Polysesccharides, organic acids humus, amincacids,lignin and other mocre
complicated organic compounds are the resulss of mierg-crmanism activities after
the decomposition of organic matter under a apecitf'ic condition in the =oils,

In the arid regions precipitation and vezetative cover are rot encush to
increase the population and kinde of micro—organisme as well as thelr activity,
These problems are added to the others.

CONCLUSION

i. In arid and semi-arid regzions most of the Sreat Joil Jrcuos are desert soils,
trown and sierczems. Some other soils such as lithosols, reroscls, alluvials,
golonchak and solonetz are associated under the crders of fAzonals and
Interazonal soils,

ii. Physical and ohemical properties are affected %y the climatic factors,
Structure and texture are not satisfactorily developed., These soils are
more susceptible to water and wind erosion with their low water-holding
capacity.

iii. Chemically, these scils have low caticon exchasge capscity. High pH is due
to the high amount of alkaline earth carbonates and high content of sodium
lons. Aecumulation of scluble salts needs apecial management practices.

iv. 3ecause of the limited precipitation and insufficient wegetative cover, the
content of organic matter and soil micro-orgarism activities are low.

Va Gonsidering all the above-menticned limitations, these =o0ils need special
agronomical practices, The addition of organie and mineral fertilizers ie
important from the standpoint of fertility status. Crop rotaticns combined
with good irrigation practices ani water management should 2e used,
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ALGERIA

by

5. Boutebila
(Ingenieur agronome)
¥iniatry of Agriculture and Agrarian Heform
Algiers

Algeria has more than 2 002 000 tmz in the arid zone which is about four-
fifths of the total land area,

The following are the characteristice of this zone:

Felief:

Climate:

ol
o]

frl
[

Water:

is very variable: there are as well as vastastretches cut by wadis,
ranges of mountains (volecanic origin) in Hoggar and Tassili, and
also dunes.

with rare Bxﬂgptiona, is very hot in summer EAEQC in the shade}, aold
in winter (-5 C) with great fluctuations in tempsrature between day
and night. BRein is extremely rare,

tne sandy solls have differant natures:

Sells in wadis are the richest and this enables the zrowing without
difficulty of a large rangs of market garden, fodder and fruit crops.

S0i1ls with a high olay content are rare and form an a&caption.

candy soile are found with a gypsifercus crust between 20 and 100 em
deep and they are very difficult to work because regular oreaking
of the crust is necessary.

Sandy soile of wariable texture exist and cover most of the area
requiring appropriate improvements.

ig of wvaricus origing:
£l

— Hain: wery rare over the whole zone, it forms the main water

contribution for certain regions which often suffer great difficulties
in dry years. This is the case at present in the extreme south which
generally receives tha tail of the monsocon and is now in the same
situation as the adjacent countries (Niger, Mali, etc). Some cases
use "foggaras”.

Groundwater: it is from this source that 95% of the area is irrigated.
It eollects at a depth varying from 100 to 1 800 m, sometimes flowing,
sometimes not. Thus for groundwater collected at shallow depth thers
i= no particular difficulty; the groundwater at 1 800 m is very hot
(60°C), rieh in carbonate and sulphate salts; this causes inconven-
iences, particularly in the choice of equipment.

From studies carried out, mainly in the UNDP/Unesec project REG 100, wa know
the underground water potential which could enable the presently cultivated area of
50 000 ha to be doubled.

The cultivation of date palms is now the principal source of wealth because,
in the very diffieult Sahara conditions, it is the only perennial plant whish can
resist the harshness of the glimate.



Recently, great efforts for intensification have been made and we can foresse
the future from another angle, In effect, the growing of market garden and fodder
erops has allowed economic aspects to be introdueed into agriculture, whieh
gonfirms our hypothesis. For example, the export of early tomatoes, from
15 January, to the high consumption markets (Faris, Brussels, Frankfurt). Efforts
to eultivate melons in "fertile pote" has given oconclusive resulte and has mads
producticn in open fields possible in this countiry. The technigue consiste of
raising the plants in "fertile pots" under a plastic tunnel. The soil iz covered
with black plastic sheets or gravel in order not to break the roots at transplantation,
The leaf mould is well spread out and disinfected beforehand. Farmers are given
plants which nave had the first pinching out of shoots., The time for transplanting
must be carefully chosen because it has Deen found that when soils are saline; 1t
ig preferable to transplant before the roots have passed through the pots in crder
not to lose the benefit of the operation by stopping temporarily the growth of
rocts.

In ocur country activities are slso carried cut %o revive old palm groves as
well ag new irrigated areas. The old palm groves are characterized by deficient
drainage because they are very often located in low places and lack organic manure.
The new areas to which great attentiocn has been paid, very often suffer from a lack
of organic manure, sandy winds and hot water. To overcome these, different methods
nave besn used:

P Organic manure: introductlon of steock Tarming and of alfalfa in an appropriate
erop rotation; utilization of eediment obtained from purification plants for
repidual watar.

ii. Wind breaks: the following materials are used:

- live hedges: canes, sucalyptus, casuarina, acacia cyanophyla, date palms,
tamarix articulata.

- dry hedges: dry palm fronds

— "tahiasg™: these are embanikments railsed around the oases with wind
ecirculation corridors which form an exit for the sand dunes which are
a hindrance.

Juring the first year of development work it is very often found that the
deposits of sand originate from the irrigated area 1tself, therefore
alfalfa ie grown for three reascns:

- 201l estabilization,
— enrichment of the =scil,

- fodder production.

ili. Hot water: it is 50 to 5§DC at exit from the bore neole and about 350E at
the time of its uee. Ite carvonate and sulphuroue nature have necegesitated
the use of semi circular channels (geguias). The lack of technieal
knowledge of Tarmers and the distance added to the previous points,
demonstrates the complexity of the situation. Oeneral systematic formulae
do not exist; each oasis has its own peculiarities.

The group of actions o e undertaken must bear in mind fhe numan factor in
order to reach a harmonious development. In Algerim, the settlement of the nomade
is one of the main precccupations in the arid and semi-arid zone. The agrarian
revolution, by its principle that the soil belongs to those who work it and
remembering also the nationalisation of groundwater, has permitted a number of
difficulties toc be resclved. Integrated action is being undertaken to develop
the environmental conditions of these zones.



IV.2 BAHRAIN
IRRIGATION AND SOILS
by

Jnaffar Habib

1. IHTRODUCTION

The total agriculiural area in 3ahrain is estimated BD be 15 000 ac, in other
words, about 10% of the total area which amounts %o 622 wm®. Two—thirds of this
agricultural area ies planted with date palms and this is coneidered the main erop.
The rest ineludes vegetable crops, berseem, some archards and some flowars. The
total agricultural area at present has been reduced to 4 000 ac due to irrigation
and drainage problems and soil deterioration.

The climate iz characterized high temperatures and humidity in the summer;
the average annual temperature ig 77 C and rainfall is 72 mm, The maximun diurnal
humidity reaches Eﬁﬁ and the minimum 4ﬁﬁ. Wind is mostly north-western.

2 MCST IMPORTANT CHARACTERISTICS OF THE 30ILS AND IRRIGATICN WATER

Concerning the soil, it is mostly sand, peoor in organic matter and with
impervious layers at depths between 75 and 300 em in various regions of the
country. For this reason there are large areas of agricultural land submerged
with water or where the water table is very close to the surface at depths
varying between 37 and 300 cm. With the presence of factors leading to salinization,
guch as the excessive use of irrigation water, absence of good drainage systems and
sea-water intrusion, all these factors have to be considered when land is improved
for better agricultural production or else the case will be worse.

The sand percentage in most of the soile is more than 905 as can be seen
in Table 1 which shows the different physiecal characteristics of the seil. The
technique used in the country is to add sand aver soil to decroase the effect of
salinity and to provide a salt frée zone for the growth and development of roots,
but this is an uneconomic practice dus io costis.

Az to the water, the main source iz groundwater which ewxtends from the
northern coast of the Kingdom of Saudi Arabia where the water is found in three
aquifers in whieh the salinity is respeectively 2 000, 3 200 and 2 OC0 ppm. The
total water consumption is estimated at about 165 million m?, 80% of which is used
in agriculture and the balance for domestic and industrial use. For irrigation
purposes 6 m is used per year which is rather a large volume. The monthly
distribution of this quantity for vegetable produstion is given in Table 2.



Table 1 PHYSICAL CHARACTERISTICS COF THE SOIL

Hgif Daz;h Partioles Size Moigture b gﬁii;é};ﬁity

Gand 511t GClay [Text Satu- T. W. Inl-
 ration Capacity Peint| tial 24 hra
2 0= 35 | 34 1 5 3 23 1.8 .4 |=125 =125
35- 45| 93 4 3 8 =>125 =125
45-115 1 93 4 ] 5 =125 =125
45-140 | 96 3 1 3 -125% =125
4 0= 50 | 90 & 4 8 36 G.2 5.0 115 108
50- 90 | 64 21 15 8L | 98 94
110-130 | 82 13 5 LS 7125 =25
130-160 | 21 14 5 L3 iTa) 63
1 0- 20 | 98 2 z 5 1 10,0 5.4 |>125 125
20-601 98 1 1 | s >125 125
10 0- 33 | 33 4 3 5 24 13.4 T3 |=125 =125
35- 95 96 3 1 8 125 —125
95-135 | 83 12 5 |18 106 83
13 O-50 | 63 16 15 | 5L | 36 18.8  10.2 |»125 125
50~ 90 | 73 15 12 SL ~125 ‘yl2s
90-130 | 91 5 4 | s 1 73
15 O— 40 | 73 17 10 EL 40 19,2 10.4 ] o1
40- 30 59 19 2 el | 57 1

Table 7 MONTHLY [LISTHIBUTION OF WATER

FOR VEGETABLE PRODUCTION

January Q.2%] meters
Faebruary 0,350 meters
March 0.437 meters
April J.375 matars
May 0,447 metars
June 0.313 meters
July 0.518 meters
hugust 0,827 matars
September 0,592 maters
Cctober 0.571 metars
Kovembar C.528 metera
December 0.560 meters

Total: 6.071 meters




3.

3.1

3.2

3.3

3.4

METHODS USED TO CHECK BSOILS AND WATER PROBLEMS

The main procedures to check these problems were experimented in Badie
Experimental Station hoping that they would be applicable on a wider scale.

Canal Lining

It has been found that more than 30% of the flowing water is lost from
unlined canals due to the high permeability of the sandy soila. The most effective
method used for canal lining is polythene and cement. There is no doubt that apart
from saving water losses, canal lining also reduces the conditions leading to
salinization.

Use of Modern Irrigation Methods

The traditional method of basin irrigation increases the problems of
irrigation and scils and since there is a pressing need to adopt other methods,
drip irrigation has been introduced and has proved successful, having the
advantages of water control, regulation of irrigation frequencies and intervals
and saving on labour.

Windbreaks

Windbreaks were established to reduce ercosion which caused the loss of the
fertile surface layer.

Water conservation

Studies were carried out on the poseibility of collecting and conserving
water resources, especially from the natural springs which have been affected by
decreasing water level and increasing salinity due to sea-water intrusion., The
coordination and cooperation betwWween Bahrain and the Kingdom of Saudi Arabia is
enough to overcome these problems.

FAD in cooperation with the Agriculture Department in Bahrain and within
the frame of the FAO/UNDP Project BAH/71/501 has carried out a soil and water
survey and consegquently it was possible to evaluate the location and extent of
the agricultural areas in the north and western parts of the country with the
objective of defining suitable drainage and land reclamation measures. The
execution of this project will certainly lead to increasing the available
agricultural land which amounts to 15 000 ac.

REFERENCES

ITALCONSULT. Water and Agricultural Studies in Bahrain, FAQ HRome
1971

FAQO Conference. Report of Bahrain to the 15th Session of the FAQO General
19649 Conference, FAD Rome.

Ayub Mohammed. Irrigation with polythene. Government of Bahrain, Department
1970 of Agriculture.



IV.4

ARSE EREPUBLIC CF EIYPT

Special consideration has been giwven to studies and research on the
utiligation of sandy socils since large areas of the potentially irrigable lands
helong to this category. Thne total arsa reclained of trhese soils is 300 GO0 ac,
of which 50 000 ac in in Upper Egypt and 25C Q00 as in the Delt=z. Witk the
exception of small scattered areas in the Jelta and Kile Valley moat of the
sandy s0ils are in the desert which makes up more than 95% of the iotal area of

Baypt.

The sandy soils wvary in their properties sccerding to their crisin and
formation. These soils dominant in sthe western desert are made up of guarts
formed from weathering of the standstone after exposure of this area %o tectonic
movements that resulted in the formation of the large depression in the wastern
degert - the Qattara Depression.

The northern coast of this desert region is an exception because the sandy
goils are of marine origin made of ocolitie limestone with the caleium cartonate
esontent up to 98%, The sandy soils predeminant in the eastern desert and the
nortn of Sinal are composed of guartzs developed from sediments carried by Nile
water over the ages; this has been confirmed by the similarity of the heavy mineral
composition to that of Kile mud, the delta and the walley =soils. On the contrary,
sandy so0ils in the other parts of 3inal originated from geologic formation found
in the 51 Tih plateau.

Although sandy soils differ in their origin, formation and properties, yet
they can be considered as one group having common problems,. Tue to the differences
previously mentioned, the studies in Tgypt to solve the problems of sandy soils
deal with inter-related factors and conditions which govern the poseibilities of
attaining the bnest economic utilization of these lands. Such studies include
water relations, use of low gquality water, phyeical, chemical and biclogical
properties of ihesae goils and their different environmental and agricul+tural
systems beside the geclogic and hydrogeclogic studies.

The research planned to find soluticns for sandy scil probvlems with the
objective of increasing their economic utilization, includes studies of means
to raise their water holding capacity and fertility, to improve structure by
application of physical and chemical amendments and fertilirzersa.

With the aim of providing for macro and micre nuirient requirements surveys
are carried out to find the liwit of nutrients in different areas and furthermore,
the fertilization technigue= meost suitable to each so0il at appropriate times
according to crop and agricultural practices.

It is worth menticning that the reclamation of sandy soils in Zgypt was
dependent upcn the annual addition of Nile mud besides that which was added from
clearing irrigation canale and drains as well as the organic naterial, But the
reduction in gquantities of eclay and silt after the construction of the High
fgwan Dam has led research to be directed toward application of different methods
guch as asphalt emulsions, chemical amendments, whether by direct mixing ar in
barriers.

Hegarding the management of these soils, consideration has been ziven to
practical applications that limit the probable nesurrence of rising water tablae,
spread of salinity and ercsion effects. In spite of thie reclamation of sandy
soile, [Beypt is still faced with many problems that await correct solution,
it geems that the attention paid to these scils dees not agree with the normal
economic measuree used for evaluating other agricultural systems but due to the



increasing rate of growth of population and the pressure on herizontal expansion of
land resources, the utilizaticn of these soils is & "must". It is our hope that
through study and research timely solutions can be provided for the problems of
sandy soils.



IV.5

5.1

InAN

SANDY  B0ILSE: DISTRIBUTION, RUSEARCH AND  DEVELOPMENT

by

M. H, Hanai and A. Kowsar

DISTRIZUTION

Iranian territory covers an area of gome 1 &50 Q00 RmE and extends betwesn
latitude 25%9 and 409 N., and longitude 44% and 63° E.

Iran is coversd to a larze extent oy the mountains [over 50% of the total land
gurface 1s highly broken in topography) which surround the saline, sandy or rocky
desarts of the central plateau, thus making the plateau a closed basin. There are
four main physiographie systems in Iran, thess are:

1. The great Zagros and Alborz mountain ranges, which together form a great
T shape;
ii. The area within the ¥V, which begine as a high plateaun with its own secondary

ranges, and gradually levels towards the interior deserts;

iii, The low lying plain of Khurestan, which is a continuation of the Mesopotamian
plain; and

iv. The Caspian coast, which lies below ihe ses level and forms a separate
climatic zone.

The major part of the country is arid or gemi-arid. HRainfall is restricted
to the winter months, except on the northern flanks of the Llbore mountain ranges
where it varies from 1 000 to 2 000 mm annual rainfall. On the plateaun the average
annual rainfall of over 200 mm in the north decreases to lese than 120 mm in the
south and south east.

The sandy so0ils described in this context are soils in whieh the percentage
of particles betwesn 2-0.05% mm exceeds 60% of the total constitution. Thus these
s0ils cover the loamy sand and sands. This is a grouping of s0il unite geographically
apgociated in the landscape and selected in order to correspond to breoad elimatie
and physicgraphie unitz, Map 1.

The areas of esach of the soil associations mappsd is given below:

Area 1in
1 000 ha #
I. 3Seils of the plains and walleys
Coarse textured alluvial and
oolluvial soils and regosole 5 000 3.6

Sand dunes (ineluding coastal
sands) 3 000 1.3
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5.2

Area in

1 000 ha 2
II. Seilas of Flateau
Deegert zolls - regosclse & Q00 f
Nesart goils — sand dunes 8 0C0 5
Sierogem soils - regoecls
(with inclusions of sand dunes) 9 o0 5.8

CESCRIPTION OF MAPPING UNITS

S.2.1 Boils of the plains and valleys

Geda?

Soile of the plains and valleys are formed %y scil material whieh is not

résidual but is brought by the usual agencies of water and wind,

i.

ii.

Comrse textured alluvial and colluvial soils and regosols including
sand dunes

These are colluvial scils and s0ils of coalesecing alluvial fans which have
teen and in mest cases are still being bullt up by materizl carried by flood
wateras from the mountains to relatively narrow wvalleys. They are usually
devaloped on coarse to medium textured material with inclusion of finer
textured soils in places (Regosols), Hecause of much gravel, low water
Lkelding capacity and infertility, they are sot of great use for mgricul tural
development, The distribution of these scils are in foothill areas throughout
the arid and semi-arid parte of the country.

Sand dunes {including coastal sands)

Sand dunes are commor in most of the arid and semi-arid regzions if lran.
They coneist ol loose sand, cccurring within or near the margins of deserts
and coasts, and are composed larzely of quartis or Trasments of many different
minerals. Sand dunes may be mobile or fixed, Unstabilised mobile sand
dunes may migrate over the land, destroying crops, agricultural areas,
villages, ete. HMobile sand dunes are normally devoid of any vegetation.
dtable or fixed dunes usually have short growih of grasze or scattered shrubs
in arid and semi-arid regiong, In coastal sands in the humid and gub-humid
areas, some shrubs and low lying {ree species are aleoc found to ocour., In
this ecase a slight profile development may occur. In some cases where zand
duries are fixed or stabilized they may be used for pastures although their
carrying capacity is low. 3Sand dunss cover a large area in the central,
southern and =mouth eastern parte of Iran.

Goils of Flateau

The last masping units are desert soils and sierczem soils in assooiation with

pand dunes and regoscls in arid resions.

To sumnarize, moat of the sandy soils in Iran oocour as sand dunes which are

not being cultivated due to limitations on physico-chemical properties sush as low
water holding capacity and nutrient deficiencies, etc. Though at present these

soila are not so important for crop producticn point of view, since the mobility of
these sands is threatening farms, urban areas, industrial centresand communications,
the stabllization of these dunes is of wvery great importance to the country.



RESEARCH AND DEVELOPMENT

Considering the vastneas of the area coversd with active and potentially
hazardous sand dunes, 182 900 km? in all, the immensity of the responsibility for
carrying on the research and development activities becomes obvious.

Jand dune stabilization activities are relatively young in Iran; it was only
around 195% that two small areas, one of 2 ha and another of 3 ha were gelected on
active sand dunes 30 km north of Ahvas, Palisades made of stalks of the grass
Imperata oylindrica, one meter high were srected in rectangles of 10 x 7 m.
Seedlings, seeds and cuttings of different plant species and slips of grasses
were planted in these rectangles.

It was in 1965 that a more active interest was taken in the moving eand
problem., Under the authorization of the Forest Act a hazardous area of 2 000 km
was declared restricted in the Khorasan Province. No grazing or other means of
destroying the vegetative cover was allowed in the area, Windbreaks made of the
stems of Ferula galvanifera (a biennial umbellifera) and Aristida pennata ( a
perennial tall grass) were erected and seedlings of Haloxylon persicum were planted
in these windbreaks, 3eeds of Haloxylon were first imported from the U.3.3.R., but
later they were collected locally. BSowing seeds both by hand and by plane were
tried and the former was suecessful in years of normal precipitation.

2

In 1966 two 10 ha experimentalareas were seleoted and palisaded in two
locations near Ahvaz. The successful species of previous trials, namely: Tamarix
pallisii, Calatropis procera, Calligonum polygoncides and grasses like Panicum
antidotale, Pennisetum dichotatum were planted in these areas with irrigation.

It ie estimated that the coet of palisading alone was about 19 000 Rials per ha.
The results of these treaimenis were encouraging and very good covers of vegetation
ware obtained in both places.

The spraying of petroleum mulch for sand dune stabilization was started on a
trial basis in one of the pilot areas 75 km south of Qazvin in 19868, The
stabilized area was then planted with suitable species, The remaining area
(about 5 km?) was sprayed with the muleh in 1969,

Since the start of the developmental activities the achievemants have been
excellent and there has been near-perfect stabilisation of large areas of moving
gand dunes by the following actionas:

i. Protection of the hazardous areas in 24 177.5 sz
ii. Erection of mechanical windbreake for 14 744 km
1ii. Hepair of broken windbreaks for 68,5 km
iv, Planting of 94 million seedlings

Ve Sowing seeds in 2 203 kmE

vi. Cellection of 1673 metric tons of seeds of
trees, shrubs and grasses used in the
planting process.
The proposed work load for the current year should cowver 402 kmE of
planting and 793 km? of seeding,



In conjunction with the above named activities over 73 I{m2 of sand dunes
near towns, railroad tracks and airports have been sprayed with petroleum muleh
and planted with suitable gpecies.

The Research Institute of Forests and Bangelands which was established in
1968 took a very active intersst in sand dune fixation and with the help of an
FAD expert started doing research in the related areas (Map 2}. The main
objectives of 28 trials (some terminated) have been:

a. Finding the most effective and the most eccnomic means of stabilizing
moving sand duness

b. Utilizing the stabilized areas according to thneir potentisls,
G Conducting basic studies concerning the nature and the extent of the
problem.

Two main stations were esztablished in two quite different climatic conditions.
One is in Ahvaz, which is very dry and very hot, (average annual precipitation is
190 mm, and the maximum temperature 54%C). The other one is in Sabzevar, which is
very dry and very cold (average annual precipitation is 150 mm, and the minimum
temperature -1620),

Studies are conducted by these stations or substaticns in the nearby areas.
Movement of sand dunes, soil moisture conservation, different heights, patterns and
the materials used in erecting windbreaks, effect of media on eatablishment of
seedlings, different planting and sowing pericds, size of cuttings, spacing,
pretreatment of seeds with pesficides, cultural practices, effect of chemical
mulehes on sand dune fixation, heritability of the resistance to fungal attack of
Haloxylen persicum species trial, and ecological studies are some of the subjects om
which research is heing carried ocut.

& paper reporting the results of studies on mechanical windbreaks, their
effectiveness and cost is in press. About a 50 reduction in cost compared with
the old method, has been achieved by = new design. Another report covering the
Tamarix plantation and its sconomic wvalues is being prepared for print. A basic
study on the dynamics of moving sand dunes in the Qazvin area is also ready.

REFERENCES
Bhimaya, C. P. Sand Dune Stabilization. Heport to the Covernment of Iran.
1971 TA 2954 FAC Rome. 32 p.

Dewan, M. L., and J. Famouri, The Soils of Iran. FAQ, FHome. 319 p.
1964
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IV.6

TRAG

by

Khalil Moaluh
State Organization of Scil and Land Reclamation
Abu Chraib

This report will not deal with morphology and claesification of sandy soils
gince these have already been mentioned in the paper on Clasgification and
Distribution of Sandy Seoils in the Near Hast Hegion prepared by Ir. Hadry for this

Seminar,
1.
2a

3.

It will deal with the following pointsa.
Types of sandy scils.
Their problems and effect on sgricultural dewvelopment in Irag.

Facilities available in Irag for the development of these soils.

Types of Sandy Soils

The

gandy soils of lrag can be grouped inte four categories according to

texture, composition, presence on surface or subsurface and their physical and
chemical charaoterietice; also method of utilization.

i.

ii.

iii.

Sandy =moils on river banks and water courses

In this type of sandy socil the percentage of fine fraction such as

silt is dominant., The scils are freguently inundated either by floods
from the river or high water table levels, Such =soils are utilized for
vegetable orops, legumes and rice production, Inorganic fertilizers
are uged to improve their productivity. In most cases these soils are
not irrigated since they cbtain their water requirements through
capillary rige.

Leves poils

Thega are of widespread occurrence in the alluvial plain in central and
gpouthern Irag. Usually these soils are of light texture or contain a
sandy layer which differs in thickness and depth. Some problems have
appeared when executing land reclamation projecte in this type of =moil,
aegpecially in the construction of irrigation schemes and tile and open
drains, There is a need for a comprehensive study of the effect of
theee layers on the basic principles of irrigation and drainage design
up to the farm level.

Sandy scilg in the plains of central and southern Irag

The area has a width of 5 to 25 km and extends from north-west toc south-
east, starting from Mussayeb project down to Zubair. In these areas the
B0ila are charaoterized by an additional problem which is salinity and
high water table lavel.



iv., Sandy seoils in the nerthern and southern deserts of the Chezira

Here the z2ils are characterized by the high gypsum content.

5.2 Pronlems and Effect on Asricultural Development

The most direct and indirect problems of sandy soile in agricultural develop-
ment in Irag could be summarized as follows:

i, Managexzert and development of sandy soils either in the fields of
irrigation, fertilization or erosion control. This is particularly
necegsary slose to highly populated rural areas, since this type of
so01l could te the only source for agricultural land.

ii. Tiafficulties fTacing the construsction of irrigation and drainage systems
dus to the presence of sandy leyers which require special studies for
degign, execution and mansgement of the systems,

iii. The effect on agricultural and grazing lande of sandy dunes and their
movemens due to wind erosion.

iv. The dual problem of salinization and poor management of sandy soils
which has resulted in shifting agriculture as is the casc in Zubair
region where poor guality groundwater was used for vegetable crops.

Va The difficulties of gandy gypsiferous so0lls and rainfed lands in the
northern and southern deserts where a land settlement project for
Sedouins is belng carried out and small ecale dams are being
constructed Tor irrigation and drinking water.

6.3 Facilities available in Irag for develonment of these soilg

i. The Instituite of Natural Tesources which belongs te the Organization
f SBeientific Researen is carrying out some studies on the characteriatics
of these scils in addition to ecological studies and groundwater guality
in these sandy areas.

ii. Hecently the State Crganizazion for Soilas and Land Reclamation was
egtablisred with s spegial Rivision for studying the problems of desert
and rainfad lands. An erperimental station has been established 4o
ecarry out studies on the manazement of these soils. It is hoped that
the Organivation will expand its efforts in thisg field, especially
alter the support giwven by the higher authorities of the country.

iii., The ZSeneral Department of Forestry which ocarries out studies on sand
dune [ixation in relatiosn to wind and water erosion.

Conalusion

We would suzgest the setting up of & special committes of those specialized in
so0il science, irrigation and manapement of sandy soile to look into the major
problems of these soils, to set up guidelines and procedures for reclaiming and
utilizing them, making use cof existing studies and experts at the national and
world level.
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JORDAN

Coarge-textured soils have only recently begur to attract attention in Jerdarn,
The geclogical stratizraphy has beern such that coarse-textured acils are of liwitec
extent in the central plateau area where the traditional agriculture is based on
either rainfall or irrigation from perennial spriwge.

In the desert southern and north-eastern parts of Jordan, cgriculiure nas
recently become possiple due to national sfforts 10 tap the available rroundwater
or peak spring flows, HRecent studies nave shown good supplies of water, zut many
of them are in the vicinity of coarse-textured, alluvial and colluvial scils, nAs
in Wadi Hum, Wadi Araba and Azrat basin,

In Wadi Tum, the ongoing pilet studies indicate the feasibility of agriculture
but the suitable soils are extremely limited in extent. Here the landscape is
characterized by mud-flats with no visible surface drairage and is surrounded by
an undulating area dominated by shifting sand dunes and towering sandstorne hills.
The intervening area is transitional in texture but is Cregquently very stratified;
though sandy textures appear to dominate the surface layers, sandy layers are alsa
engauntered betwean the clayey layers, Only s small proporticn af the arsea located
in the traneitional zone has a medium texture and can be used with the canventional
technology. The mud-flats are highly saline and alkaline, having a very low
permeability, and have noc feasible drainage outlet due to unfavourable toposgraphy.
Only the frirges surrounding the mud-Tiats appear to be ussble and this toc requires
the addition of 10 to 15 em of =send and deep ripping to improve water penstration.
The cutlying sandy seils which are of considerable sxtent have a grest potential
if techniques for stabilizirngz the anifting dunes, and for irrigating and managing
gandy soils can be developed.

The Azrag basin in the north-eastern desert also has extensive areas of sandy
goils, and here too good quality groundwater that can te used for agriculture is
known to be available.

In Wadi Araba, which extende from the Dead Sea southwarde %o the Gulf of
Agaba, coarse—textured soils are widespread on the undulating vallsy flocor. Water
for agriculture is available from the Wadi Mujit as well as from wells.

Up to the present, coarse-textured socils have been classified as non-arable
as far as irrigated agriculture is concernedi. They can have a great potential if
the use of technigques for frequent applications of amall amounts of irrigation
water, the use of artificial or natural surface mulech t¢ conserve moisture, and a
choice of climatically adespted economic crops, whieh will alse protect the soil
and improve its structure and water-holding czpaecity, Are found feasible.

It is hoped that the deliberations of this Seminar willprovide guidelines
for the economic utilization of the scarce, svod guality, zroundwater found in the
wioinity of the coarse-textured soils,
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8.3

LEGANON
REECLAMATICN AND MANAGSEMENT OF SARDY S0ILE
by

Ahmed Osman
Agriculture Hesearch Institute
Tel-imara, Lebanon

INTRODUCTION

Sandy solls in Lebanon cover af area of about 7O Q0D ha of which 80% is sand
and 20 loamy sand and sandy loam. This area is about /5 of the total cultiveted
land, The sandy socils are not affected by salts compared to most of the Middle
Fast. The 80% fall under sub-humid conditions and their origin is mostly sand-
stone, thus they are not calcareous; whilst the 20% originated from sand dunes
and are calcarsous.

ORIGIN AND DISTRIBUTION

Sandy soils in Lebanon are formed on Nublan sands of the lower Oretacecus and
are found between sea level and about 1 000 m neight in the direciion of west-
east, From the north they start after the basaltic flow in AkKar and extend up to
Jerzin (Saida) in the South.

The sand dunes are found interruptedly along the coastal line and extand
inward about 3 km in the Akkar region. They criginated Trom the Miccene and
Plaocene depogition.

MORPHOLOGY

In general the sandy solls are classified as entisols and werorthents in the
7th Approximation and as Sols {linersaux Bruts in the French systesn with A-0 horizons.

Between 800 and 1 000 they tend to develop to para podeoliec under pine and
natural vegetation with a thin organic layer (0) and albic horizon. The severe
erosion prevents them forming true podzols. They are very steep from 204 to &0%.
The pH is about 6.

Below 300 m the climatic conditicns will not allow the para podrolie formation:
they are classified as xerorthents. Most of the sandy soilas in the coastal region
are deep with A-C or A(B)C horizons and are classified as caloixerollic xerorthents
or Xerocchrepts respectively, whilst the others are shallow, formed on consclidated
sand dunes (Ramleh). The composition of the consclidated parent material is quarts,
ghale frasment, and other materials which are cemented by caleium carbonate. The
organic matter content is low. The pH is about 7.5 to H.0. The ealeium carbonate
content is about 10 to 204,
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LIMITING FACTORE

Erosion

The erocsion in the mountainous region is caused by the high rainfall,
800 to 1 200 mm, which comes with great intensity, whilst in the coastal region
the erosion is due to wind.

The measures wnich are being taken ic prevent erosion are to build terraces
in the mountain region and i¢ plant wind-%reak trees in the coastal region.

The sand dunes are being fixed hy planting shrubs and pine trees.
Fertility

The fertility of these zoils is poor, thus high ratea of inorganiec fertilieers,
crop residues and manure are applied. In addition; some of the mieronutrients are
applied. The fertilirers are split into 4 to § applicatione during the growing

gseason. These solls are being utilized for orchards and cash crops.

Water Consumption

Tue to the low water holding capacity of these soils (6-10%) and to the
high evapotranspiration, irrigation water is fregquently applied.

Trhere is an intruslon of sea-water into the coastal underground water due
%o its high intensity of use for irrigation. This low guality water ie used safely
on the sandy =oils, '

INVESTIGATIONS

Hecently there have been investigations at some sub-stations to study the
evolution of structure through the application of high rates of organic matter.

The Irrigation Department is studying water congumptive use, Concrete
lysimeters, 10 by 10 maters, are being utilized in this study. The crop used i=s
banana.

Hesearch on soil conditioners will start this coming year in eocoperation
with the 3e0ils and Irrigation Department of the American University of Beirut.



IV.9 ARAB REPUBLIC OF LIBYA

RECLAMATION AND DEVELOPMENT OF SANDY S0ILS IN AL GEFARA PLAIN

by
Jeneral Depariment of Forestry, Hange Management and Natural Eesources
Ministry of Agriculture and Agrarian Reform

1. INTRCDUCTION

There is great concern for agricultural development and land reclamation in
Libya at present with the objective of inereasing agricultural production. There
nave been numercus studies in soattered areas of the country for =oil and water
resources, mainly based on soil survey and classification and water inventory for
ground or surface water. On the basis of these studies several areas have been
given priority for reclamation and development. The Gefara Plain is one of these
selected areas.

2 LOCATION AND TOPOGRAPHY

The total area of the Gefara Plain is 17 000 kmE starting from the Tunisian
borders in the west and extending east to 41 Khums, to the Mediterranean in the
rnerth and southward to Jebal Nafumanh where the elevation reaches 400 to TOC m
above sea level, The length from east to west is 170 km, the breadth in the
north-socuth direction is about 100 to 110 km, It is diwvided into twe areas: the
first is known as the ocastal strip, which runs parallel to the sea shore varying
from 1 to 15 km wide. This strip is one of the most important agricultural areas
at present as there are many forms of agricultural activity. The second or inner
part is the plain whieh extende from the coasial strip to the southern mountaine;
within this plain there are wvalleys varying in elevation and width. Most of these
wadis are found in the eamstern and central part of the plain.

3. CLIMATE

The dominant olimate is Mediterranean but to the south it is semi desert.
The annual rainfall at Tripoli waries from 300 to 380 mm and deoreases towards
the south until it reaches 50 mm and where it could be rainlese for several years.
The average temperature on the coast is 19.5°C and increases to the south until
it reaches on the average 30.5%c.

& GECLOCIC FORMATIONS

Geological and morphological studies of the Gefara Plain indicate that the
land utilized at present or that is under reclamation and development developed
from transported sands or material deposited in the middle and late Quaternary.
In the sub layers of the soil profile there is an accumulation of lime in varying
formations of old pedological origin,



DOMINANT SOILS IN AL GEFARA PLAIN

Weathering by wind, heat and water followed by chemical weathering are tha
dominant soil forming factors responsible for the formation of the soils in the
Plain which are genarally sandy and wvary in texture from pure sand to loamy sand,
dominant on the northern coastal strip. In the wadis scils are sandy clay.

Sand dunes in many areas form a belt extending alongz the coast where the
gand grains vary from coarse to medium size and are rarely fine. The soil is often
immature and the profile is very deep; pH of all ithe soils i= greater than 7 and
reaches 8.5 in some cases. The so0il survey studies indicated that the dominant soils
are!:

i. Brown podszolic regosols

They are sandy, perviocus, have a deep profile, are Tree of salts, with no
gravel or stones and the soil needs protection against erosion. These soils
are found along the coastal strip and in some parts of the inner valley as
ig the case in Al Aziziyah. The following table gives an analysis
representative of the profile of theee soils.

Locations Sidi Al Misri

Brofile:  No. 34

Depth: 0-30 cm 30-80 em
Mechanical analysis

Sand BE B2

Silt % 9.6 15.6
Clay & 2.4 2.4
Taxture Sand Loamy sand
Chemical analysis

pH T.9 8.1

HC mmhos/em ° «50 .81
Guﬂ(}] a@ 2.1 1.0

oM .32 =14
Carbon ¢ .18 08
Total Nitrogen ¢ 0.02 0.01
Soluble phosphorus ppm 55 24

HCO, meq,/1 1.1 2.4

Cl 2.0 3

504 2.0 2.7

Ca + Mg 3.2 5.6

Ha 1.8 3.0

K 6 «53



ii.

iii.

Alluvial goils of the interior plain

These soils are formed by deposition of sediments carried by water from the
northern mountaing forming fans and then plaina in the wadis. They are the
most fertile and the profile ie free from =alts but is less pervicus than
the previcus type. 5ilt is the dominant size fraction with a higher clay
content relative to the previous type. The following is the analysis of a
representative profile:

Location: Wadi Al Meganesn

Profile: No, £

Depth: 0-25 em 25-62 em 100-130 em
Mechanical analysis

Sand percentage £3.6 63.6 £9.6

5ilt 4 4.2 32,2 25,2

Clay % 2.2 4.2 Bl
Texture Sandy loam Sandy loam Sandy loam

Chemical analysis

pH 7.6 7.9 8.0
EC mmhos/cm «T1 63 1,07
Da,CG-3 o B.0 5.0 f.3
oM .08 .02 T 01
Carbon % 45 2 .06
Total Nitrogen % 04 01 .06
Zoluble phosphorus ppm 114 134 195

HCO, meq,/1 1.8 3.2 2,0
cl 2.8 2.5 6.4
304 3.5 3.2 2.0
Ca + Mg _ 3.3 3.8 4.2
Ha 3.0 2.6 6.5
K 1 0.0 0.0

Solonchak goils

Thia type of soil is found in certain areas along the coastal strip, closer
to the sea shore, especially in the west near Zuwarah whers there are large
areas Tforming bare lagoone separated by sand dunes. These soils have not
yet been thoroughly studied.



THE MOST IMPCRTANT PROJECTS 1IN AL GEPARA PLAIN

The projects vary in location and objectives; some are dependent on ground-
water resources, others on surface water flow from the wadis and others again
depend on rainfall (rainfed agriculture). The most important of these projects
are: Y

1. The Green Plateau Project

The total area of this project is 2 000 ha divided into small farms of & ha
each. This project is located 5 km south of Tripeli and depands mainly on
the use of sewage watser after purification for irrigation by sprinkler. The
project is to produce vegetables, fruits and certain field crops because of
its proximity to markets and the poesibility of food canning; there iz alse
cattle breeding and bee keeping. It is under the supervision of the General
Organization for Land Reform and Rehabilitation and the land has been
distributed to farmers,

ii. Bir Al Chanam

Thie project is divided into two parts:

a. Al Ariziyah—Al Amrvah Froject

The objective of the projeet is to reclaim and cultivate 1 100 ha to be
divided inte 100 farms, 75 of which have already been established. Tha
project uges groundwater in the area.

b. Bir Terfas (South Az Zawiyah)
This project has just started and aims to establish 400 farms on an area
of 6 000 ha as the first phase; work has started by digging wells in the

aATEa.

iii. Wadis A4l Heera-Al Deeska-Al Meganeen Project

The firet phase of the project is to reclaim 30 000 ha in the Al Heera-Al Deeka
area south of Tripoli and will depend meinly on rainfall. Work is in pProgress

on the establishment of 1 520 farms. A second part (Wadi A1 Meganeen)
depends on the water stored in the reservoir and is for 11 000 Ra.

ive Wadi Al Maiet and Al Athl Project

The objective of the project is to reclaim 25 000 ha in Wadi Al Maiet and
10 000 ha in Wadi 41 Athl, It is also a rainfed project apart from the
establishment of 625 farms for permanent irrigated agriculture which will
depend on groundwater.

Va Al Karaboli Project

Thi=s ia in the eastern part of the plain and consists of establishing A50
farms on an area of 20 00 ha. S3Some of the farms will be for rainfed
agriculiure and the others will be irrigated.

vi. Crop Development Project

This project is to improve the winter crops, mainly wheat and barley, on an
area of 100 000 ha, ineluding the wadis, over a period of 3 years which
started in 1973. The project depends on rainfall.



7.

vii, Poresti Development and Rangeland Project

Thera is a project each for forestry and rangeland to utilize lands bordering
the southern part of the plain in scattered areas of 5 000 ha each. The
forestry project is to inorease the vegetative covering where other
traditional erops cannot grow and will therefore serve as an erosion

conirol measure.

PEOBLEMS OF LAND HICLAMATION IN AL GEFARA PLAIN

There are problems involved in land reclamation and development, especially
in areas where soil is sandy, low in organic matter and nuirients and where water
is scarce, of low quality and continuously degrading as is the case in Al Gefara
Plain. The moat important problems are:

i. Irrigation Water

The gquantity and quality of irrigation water is the most oritieal factor
for horizontal and vertical expansion. Rainfall is on the low side,besides
being of seasonal distribution and evapotranspiration is wery high. Also

a zreat deal of ihe irrigation water ie lost to the sea by run off and only
the remainder can be utiliged by the crop, with the continuous demand for
this water, especially in summer, the level to groundwater has increased
and the quality deteriorated. For water conservation measures dams have
been built on the wadis to limit water loss to the sea and to recharge
groundwater, Additional measures have been introduced to limit the growing
of summer Orops, S.%sy groundnuts andothers with a high water congumption
during this season.

ii. Erosion Control

Larze areas of the Al Gefara Plain suffer from erosion, especially by wind
and sand dune encroachment on the agricultural land where southern winds in
spring and summer cause much damage to agriculture. FEffortis have been made
to stop sand dune encroachment from south to north and of these measures
the following have been used:

a. WwWind breaks and afforestation;

b, use of certain plants as surface eover;

¢. uge of dried plant material as sand dune stabilizers; and

d. recently, petrochemicals have been used as stabillzers followed by
afforestation.

Up to the present it has been possible to control sand dune encroachment on
large areas where forests have been developed.

iii. Soil Tertility

This is one of the serious probleme since the sandy scils are low in nutrients
as well as organic matter. Measures are being taken to use nitrogenocus and
phosphate fertilizers and, in some cases, potash, but until now micrcnutrients
have not been used.
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MOROCCO

GEOGRAPHIC AND CLIMATIC CHARACTERISTICS

Helief

Moroseo eovers 450 000 kmg between the latitudes 27° and BEOH. It is
traversed by two mountainous formations which give it very diverse geographic
and climatic ocharacteristics.

In the nerth the chain of the Riff borders the Mediterranean from east
to wast., In the centre crossing the whole country from south-west to north-
east the Anti Atlaa, the Middle Atlas and the High Atlas form a strong harrier
against the Saharan influences, The High Atlas rise to a height of more than
4 000 m. Moroscco coneists of geveral plains crossed by rivers; the main ones
are:

- the plains of Gharb, Tadla, Haouz, Souss, Tafilalet, Ouarzarate, Moulouya,
Loukkos, ete. They are the subject of big hydro-agricultural development
achemes,
Climate

January is the coldagt month of the year. The mean minimums are all lower
than 10°C and go down to O°C in the mountains. Thg maximums ccour most often in
July and ccecagionally in August. They are over 30°C except on the Atlantic ecoast.

Rainfall varies acecording to the region from 400 to 800 mm annually.,

MAIN TYPES OF SOIL

The main types of s0il are:

- ischunic, found in the Wediterranean region. These soils are characteristic
of the plains, foothille and plateaux of Atlantie Morocco (with the
asxgeption of the coastal strip},

- red and brown Mediterranean soile (mountainous zones).

- vertisols called "tirs'" cover vast areas in Atlantic Morocco, mainly Gharb,
Chaouia and Loukkes.

- hydromorphic goils in the periphery of the Gharb and the central plateau.

- halomorphie =soils found in the arid and Saharan regions.

AGRICULTURAL POLICY

The deficiency of water inherent because of the long dry season, the
irregular rainfall in the humid zone and the slze of the arid and semi-arid zones
with an almost permanent lack has led Moroeeo to search for means to improve and
intensify agrioultural production by using the maximum water resources possible.



The nanersus areas with small or middle size water works represents on the
national scale an important potential (40%) but their size and dispersion do not
allow development of an industrial charaster,

Anxious to areate as socon as possible a highly productive sector, Moroceo
has decided on largs scale hydraulic works.

Since 1960, a huge effort has been made in the construction of dams and
the aquipment of large areas for irrigation for an integrated development, The
potential national total avallable is estimated at 7.5 thousand million m~ which
ought to permit irrigation of a million heetares, This perspective forms the
princioal objective of Moroooan agricultural policy.

In 1973, it waz estimated that an area of 600 000 ha was irrigated every
year, 400 002 ha permanently irrigated and 200 00C ha depending on contingencies.

In the 1973-77 Flan we ewpect to ewtend this area at the rate of 25 000 ha
annually.

The ejquipment undertaken constitutes only an indispensable phase. But the
real objective is the effective improvement of production and of the level of
life of the farmers.

The scheme has been undertaken systematically in order to ensura an integrated
management of the rural zones.

The areas which will be developed are:

- industrial crops (cotton, sugarbeet, sugarcans) ¥y
- fadder crops a
— ocersals ¥y
- +tree crops e
- market garden Ve

In view of the shortage of water due to the aridity of the climate, the
volume of water used annually is extremesly high., The practice of gravity
irrigation imposed ty the land capability and local necessity does not allow,
in spite of the efforts by the Moroccan experimental service, the limiting of
logses by infiltration to a satisfactory level.

The rising of the watertable is therefore inevitable and requires effectua
intervention as soon as the watertable effects the upper horizons and inevitably
causes theilr asalinization.

Thus one must put in hand at the same time the egquipment for hydro-
agriculture and the drainage of these areas.

It should be noted that sprinkler irrigation has just been introduced
recently over a large area (30 000 ha in the perimeter of Masea).

Drip irrigation is in the experimental stage and great hopes are being
placed in this technigque.



Iv.11

11.1

PAKTSTAN

SANDY S0ILS IN WEST PAXISTAN

by

M, Alim Mian
Zoil Chemist
Soil Survey Project of Pakistan
Lahore

INTRODUCTION

West Pakistan has a total area of 312 00O mi2 (about 800 0OCO kmd} and supportse
a population of about 60 million., It lies between latitudes 239 and 37° north and
longitudes 612 and 76° east. There ara thres broad physiographie divisions:
(i) the mountainous area, (ii) the Indus plains and (iii) the Thar desert. The
mountainous area covers more than two—-thirde of the total area on the western side.
The Indus plains occupy an area of about 80 000 mi? {205 000 «m?), whereas the
Thar deser covers about 25 000 miZ (64 000 km2).

11.2. CLIMATE

West Pakistan has an arid to semi-arid subtropical continental climate.
Acoording to the precipitation data, 67% of the area receives rainfall/snow below

10 inches (250 mm), 24% between 10 and 20 in (250 and 500 mm), 5.3% between 20 and

30 in (500 and 750 mm) and only 3.7% area gets rainfall above 30 in (750 mm). The
highest precipitation occurs 1n the north-east and decreases rapidly in the south-
west direction. The rainfall/snow is greatly wvariable in time as well as space., In
the area east of the Indus above two-thirds of the annual rainfall is received during
sumner, mainly in July, August and September, the remaining one-third occcurring
during winter months. May and June are the hottest months when the maximum
temperature may rise to 113%F (459C). In the area west of the Indus river about
two—-thirde of the precipitation occurs in winter and the remainder in summer. The
hilly areas in the west and north have mild summers and mevere winters.

SANDY REGIONS

There are three sandy regicns in West Pakistan, The location of these regions
is shown on the accompanying map. The potential, use and management problems of
gach region are described below.

11.3.1 Thal Sandy Area

The Thal is tha must important sandy region in the country. It ocoupies an
area of some 9 000 mi? (23 000 km ) between the Indue and Chenab rivers. It
presents & complex pattern of alluvial deposition of sandy materials in Late
Pleistocene, mainly by the Indus river and locally by the Chenab; progressively
followed by wind resorting of the sediments into various forms of sand ridges;
resorting and further deposition of mandy materials by water within sgpill channels
passing through the sandy ridges; locally, modification of the sand ridges by
river action; deposition of silty and eclayey sediments by river spill channels;
and present-day wind resorting of the sandy materials and locally, dune formation.



HMost of the area is under longitudinal sand ridges; thelr size and orientation
iz variable depending upon wind regimes of the localitles where they ooour. The
inter-ridge valleys have loamy soils under a semi-arid elimate, but sandy loam
goils in the arid area (classification: yermosols, FﬁDfUnescn; typie camborthids,
Usna). The sand ridges are several feet higher than the valleys between them and
have developed sandy soils. The subsoil is firm when dry and is slightly
brighter than the surfaece soil or the sub-stratum. The proportion of fines in
the szandy soils is higher under the semi-arid ¢limate as compared to the ones
under the arid condition, (classification: calcaric regosols, FADfUnuanoi
ustipsamments and toripsamments in semi-arid and arid regions respectively, USDA).

The sandy scila of Thal are used at present for raising crops as well as for
grazing. In the northern part of this region where annual rainfall is more than
10 in (250 to 300 mm), most of the area is sown to dry-farmed gram (Cicer arietinum)
and mustard (Brassica juncea). The sandy soils in the arid part are exclusively
used for grazing. In considerable areas over—grazing has transformed the surface
of the sand ridges into shifting sands.

Around 1947, canal irrigation was introduced in the northern and western parts
of this region. Subsequently, the irrigation was extended to areas further south.
This development has affected the use and management of sandy soilg in a number of
WAYS.

Ta In apite of the fact that the main canal was lined with bricks to check
exclusive seepage losses, a rapid riee in watertable was noticed. This
can be attributed to large-scale seepage losses from the unlined
distributaries, water courses and alsc over-irrigation of highly
permeable sandy scils having sandy substrata. There are some places
where the sand ridzes can be seen surrounded by marshes, In areas clogse
to the main canals and where the sand ridges are not well marked, the
gandy soils were subjected to high watertable and salinization.

ii, Irrigated valley bottoms were extended into the sandy rideges by disturbing
the sandy soils and their sandy substrata, and then spreading the material
on the loamy soils. 1In many places this caused deep burial of the
productive soils with uwnproductive sand.

iii, The pressure of population has been responsible for bringing large areas of
gandy scils under irrigation in this region. The flood irrigation has
severely impoverished the soils of their nutrients by excessive leaching.
Sefore irrigation the sandy soils were gown to gram which has a deap root
gystem and builds up the nitrogen content of the s0il. Cultivation of
other crops under irrigaticn has incapacitated those scils from producing
gram, This nay alao be due to the use of nitrogenous fertilizers only,
causing acute deficiencies of phosphorous in the s0il. Under these
conditions the yields of other crops, especially wheat, sugarcane and
guara (Cyamopsis psoraliocides) are showing a steep decline and the plants
indicate nutrient deficiency symptoms of all sorts. The irrigated sandy
seile in Thal are going to pose a serious fertility problem in the coming
years,

iv. The uncultivated sandy soile had a fair cover of wvegetation under natural
conditions and were used for grasing. In areas where valley soils are
irrigated, the natural vegetation is rarely found in an undisturbed state,
much of the original vegetation having been subjected to cutting, lopping
and over-grazing. This has given rise to formation of active dunes which
may pose a gerious threat to the adjoining irrigated interdunal valleys.



11.3.2 Thar Sandy Area

The Thar is the most extensive sandy region in the country. It comprises the
deserts of Cholistan and Thar, a band of about 5C mi wide and extending over a
distance of some 500 mi in the south-east, along the Indian vorder. It covers
about 25 000 mi2 (64 000 km?). The Thar is amctually the western part of the
Rajputana sandy desert of India. The origin of the sand is not e¢ertain. The
oldest part is probably older than the Last Glacisl period, in wview of the
elevation of the sand ridges far above the probable levels of the Indus and Sutlej
in the Late Pleiatocene. The landscape consists of mainly stabilized hilly sand
plain, with longitudinal ridges in the south but alveoclar (honey combed) and
transverse ridges in the north, The sands are calcarecus, rich in weatherable
minerals and typiecally pale brown. They contain less mica, but more guartz than
the sande of the Indus river and ite tributaries.

The Thar has two distinot olimatic zones, i.e. the southern semi-arid zone
and the northern arid part. The semi-arid part has well developed soils. The
interdunal valleys have loamy soils with a fair amount of organic matter. The
subsoil= are brighter in colour than the surface soil or the substratum. Towards
the southern side the rainfall inocreases and the temperatures are mild due to the
influence of the Arabian sea, These soils are under cultivation for growing
sorghum (Andropogon sorghum).

The sandy soils in the semi-arid part occcur on the sandy ridges. The scils
are sands and loamy sands with bright subsoils. The sandy ridges are 100-200 f1t
{30-70 m) higher than the interdunal valleys. Very little cultivation is
practised on the sandy soils. HNatural vegetation provides some grazing for cattle
and sheep. Over—grazing and lopping of natural vegetation is the major provlen.
The crests of the sandy ridges have been transformed into shifting sand dunes,

The arid part of the Thar is far more axtensive than tne semi-arid part. In
this area the interdunal valleys have sandy loam and sandy soils. Due to scanty
and uncertain rainfall no cultivation is practised. The sandy ridees have sandy
soils and about 108 of their surface is shifting sand. This entire area provides
some grazing for cattle and sheep.

The main problem of this great region is the scarcity of water. Only aflter
the rains cattle and sheep herde find their way into the interior of the area
and stay there as long aa drinking water is available in ponds. These ponds are
located on such sites where substratum is tight enough to hold water and can
collect considerable run-off from large areas. Areas close to the water points
are seversely grazed whereas the remote areas are probably under-utilized. After
the ponds dry out, the herds move away from the interior towards the margins,
partly depending upon the adjoining irrigated floodplains for their supplies of
water and fodder. OJroundwater in most of the area is highly saline and unfit
even for drinking. There are & few narrow beltes of land where groundwater is
gweet, The exact location and extent of guch areas needs investigation. The
information would be very useful in the development of this large region.

11.3.3 Western Sandy Desert

The western sandy desmert comprises four units separated by hill ranges.
These sandy areas together occupy an area approximately equivalent to that of
the Thal. The sands of this desert are also of alluvial origin, deposited as
sandy piedmont slopes, mostly of Holocene age. The climate is extremely arid
and soil development is wvirtually nil. The vegetation covers less than about
two percent of the total area, Almost the entire area is in the form of shifting
sand dunes and the reworking by wind is continuing. Groundwater as well as
gurface water is very scarce and often brackish. 3So this area has little
potential for development.



11.4 CONCLUSION

The extensive sandy soils in West Pakistan have a potential mainly for grazing.
The soils ocourring in the semi-arid zone of Thal as well ae Thar are partly used for
grazing and partly for dry-farming of crops such as gram, mustard, guara (Cyamopsis
Eﬂornliuidas} and sorghum. The soils within the arid zone are exclusively used for
grazing. The present use seems to be most suitable under the local conditions.

In Thal where sandy soils occur in close association with irrigated loamy
soils, the cropping patterns of the irrigated area should be changed in favour of
the erops that have a low water requirement and could mlso provide feed, fodder
and hay for the cattle and sheep during the period when the un-irrigated sandy soile
are not able to provide grazing but need rest, The grazing potential of the sandy
goils should be developed as a part of the development potential of the irrigated
loamy soils, for the production of cattle and shaep.

Canal irrigation cannot be extended to additional areas of Thal due to the
unfavourable relief and sandy nature of the soils. In such areas, pockets of
ugable groundwater exist and efforte have been made to irrigate isolated patches
of loamy soils here and there. Due to the extreme aridity, and desiceating winds,
the cost of production of sugarcane and wheat is very hizh in terme of irrigation
water. The agriculture in such areas should be entirely complementary to the
cattle and sheep production, and only such crops should be grown which would provide
feed, fodder and hay for the animals., Similarly, in Thar desert grazing potential
could be realized by extending canal irrigation to loamy soils in the desert margins
for the producticn of feed, fodder and hay. This could supplement the forage on
the sandy solls,

Irrigation of sandy scoils in West Pakistan has remote possibilities, because
there is a great disparity between land and water rescurces in the sountry, there
iz far more land than water. Water is insufficient to meet the requirement of aven
good quality land., The country has to think in terms of maximum returns per unit
of water rather than per unit area. 35andy soils have a much lower potential than
many other soils presently lying barren for want of irrigation. Their economie
utilization is related to their favourable cepacity for conserving ecanty rainfall
in a more efficient manner for the growth of natural vegetation for grazing or
dry=farmed crops.
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Iv.12 SUDAN

by

Abdalla Zabiker
and
M. Bakheit 3Zaid
Ministry of Agriculture
Food and Natural Resources, Sudan

12.1 INTRODUCTION

Sandy s0ils in the Sudan are widely extended and cover moet of the Northern,
Kordefan and Darfur provinces. They are rain-cultivated and there is the problem
of the short rainy season which lasts for three to four monthe only, laaving the
rast of the year as a dry hot period. Tue to the availability of wvast areaz which
are suitable for agricultural expansicn, relatively little attention has been given
to the proper development of these sandy =oils.

12.2 TYPES AND ORIGIN

Mogt of the sandy escils are of asclean origin and are believed to be derived
from the northern desert which ccecupies a large part of Libya and exterds socuthwards
into the Sudan. Geomorphologically, these so0ils are found in the form of slightly
undulating sand sheets, transverse dunes or longitudinal sand ridges. They are
very deep and have usually uniform texture throughout the profile with the olay
content ranging from about 5 to 10%0. The ratio of the coarse to fine sand, which
are the main componsnts of the mechanical analysis of these soils, seems to narrow
from north-west to south-east., Their pH is about neutral. As would be expected
from their low clay and organic matter contents, the sandy soils are inherently
poor in nutrients especially phosphorus and nitrogen,

The other type of sandy soils has been formed jin situ from the Nublan sand-
stones or from the Bagement Complex rocks., This type is different from the former
in that it shows more differentiation in the profile, has high clay content which
increases with depth and it is distinetly acidie.

12.3 LAND USE

The rainfall varies considerably over the extensive area of the sandy soils,
and it ranges from traces in the north to about 800 mm in the south. For convenience,
the area covered by the sandy soils can be divided into the following three zones:-

i The Northern Zone with rainfall less than 250 mm; this zone is usually used
by nomadiec pastoralists and the animals kept here are mainly camels, sheep
goats and, to a lesser extent, cattle.

ii. The Central Zone with rainfall ranging between 250 and 450 mm; this is a
cropping zone and the main ¢rops grown here are sesame (Sesamum Drientale},
duknn (Pennisetum typhoideum) and groundnuts., Snifting cultivation with
four years continuous eropping followed by twelve years bush fallow is
practised. The main component of the bush fallow is the Cum Arabie Hashahb
Tree (Acacia senegal) which is a legumincus tree and is claimed to fix
atmospheric nitrogen. However, with the increase of the populaiicn, farmers
are now compelled to deviate from thie practice and tend to cultivate the
same piece of land more frequently. This over—cultivation coupled with the




decrease in rainfall in recent years has no doubt resulted in inereased wind
arogion and encroachment of the desert on arable land.

iii. The Southern Zone with rainfall ranging between 450 and 80C mm; this zone is
oceupied mainly by the Baggara, the famous cattle nomads, About 709 of the
Sudan cattle are raised heres, However, witk the recent anti-thirst campaign,
water points (mainly boreholes) were constructed in this rzone, thus making
drinking water available for opening more land for cultivation and grazing.
Similar wells were also constructed in the other two sandy zones. As a result
of thisz, many Baggara nomads are now gettling and giving more attention to
arop production.

In conslusion, attention must he given to the proper manarement of these
extengive rainfed sandy soils in order to cheok the desert encrocachmesnt on arable
lands.



IV.13

SYRIAN ARAB REPUBLIC

The total area of the Syrian Arab Republic is 18.5 million ha with widely
varying soils; it includes Mediterranean red, dark yellow, reddish brown, yellow
desert, gypsiferous and levee soils. Bandy scils are scattered in the different
goile mentioned above in small areas that have not yet been surveyed.

Syrian soils vary in their characteristics according to origin and mode of
formation of each. Work is now being concentrated on soil surveying in areas which
benefit or will bemefit from the major irrigation projects. The current work is
devoted to some detailed surveying to identify =oil groupe and basic characteristics
of each. Up till now a total area of 280 000 ha has been gurveyed in the Euphrates
Valley, Ghab and El Sen. Work is in progrese on the classification of the present
irrigated areas and on those which are planned to be irrigated from the Buphrates
dam.,

The total area that could be cultivated exceeds 7 million ha of which
600 000 ha is irrigated. The rest is under rainfed agriculture using a crop
rotation with fallow. Of course the area under irrigation will be doubled after
completion of the Euphrates dam.

The Syrian Government pays considerable attention to water rescurces since
a sound knowledge of the water balance is essential for the planning of agricultural
development when the water resources are rather limited in comparison to the water
requirements of the crops. About 607 of Syria has a rainfall of less than 250 mm
where the evaporation reaches 2 500 mm per year. Therefore it is necessary to adopt
wige measures and techniques for management and utilization of irrigetion water.

Experimental farms have been established to find out the best irrigation
methods, crop rotations and determination of orop water requirements.

In the past, because of the misuse of irrigation water coupled with the
introduetion of cotton, the salinity problem became apparent especially in the
Buphrates and Ehabour valleys and some parts of El Ghab., The problem is being
aggravated year afier year. This has led to the need for planning land
reclamation on a large scale in the country. Such work is in hand at present
and we have reached conclusions of wvalue in the suocceasful and econcmie utilization
of these lands. A final plan is now being drawn up for an integrated irrigation
and drainage system for all the Buphrates valley, having an area of 640 000 ha.

Horizontal expansion in the agricultural development of Syria, based on an
inereasing total area of irrigation, goes hand in hand with vertical expansion
by epplying modern technigues to ¢rop management and using fertilizers according
to scientific patterns; concerning the latter, a new policy has been established
for fertilizing cotton, sugarbeet and wheat and there are also plans for improving
goil properties.
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DEVELOPMENT AND MANAGEMENT OF SANDY 3SO0ILS

Sandy soils in Tunisia cover a large area, particularly in the centre and the
south. In the north, they are in the form of dunes limited to the litoral.

14.1 CLASSIFICATION OF SANDY S30ILS

In Tunisia, the sandy solls are part of the following classes:

undeveloped soils: regoscl type of aeolian origin

weakly developed scils: in this clase the sandy scils are of aeclian
origin, or alluvial and included in these sub groups!

- saline

- calcareous
- gypsifarous
- hydromorphic

ischumic =cils: in thie class the sandy soils appear in the groups:
modal '

sierozems

nalomorphic soils: in particular in the saline group.

14.2  AGRICULTURAL DEVELOFMENT

This iz one of the precccupations of the Tunisian Government at present
which is making considerable efforts with a view to improving the produstivity
of these soils and meeting the need=z of a constantly inereasing population.

Thisg development includes the following astiona,

14.2.1 Dry farming

~ Improvement of the olive grove productivity by fertilizing the soil with
mineral fertilizers,

— Extension and oreation of different typea of tree plantations.

- Limiting the growing of cereals in regions with poor annual rainfall
and those exposed to erosgion, particularly by wind,

14.2.2 Irrigated Crops
Operations carried out in the irrigated areas are:
- Orchards, mainly citrus; '_i;:n' the north-east and date palms in the south,

- Market gardening and fodder crops.



In order to achleve optimal development of these soils various study and

regearch projecta have been undertaken among whieh should be mentioned:

-~ Determination of water resources at deep levels in southern Tunisia under
the regional project REC 100 TJT'H}P;’Unemn.

- Elaboration of a master plan for tha exploitation of water in the centre
and south of the country.

- Further improvement of the hydraulic works in the irrigated areas.
- Realizaticn of new irrigated areas.

- Study of irrigation with saline water (1.5 g/l to 6.5 g/1) and determination
of water requirements for different crops. Thia study was undertaken with
the help of UNDP and Unesco and was the subject of a report published in
1970,

— The ereation of an agricultural research organization in the asouth of the
country to study the problems brought 4o light by the development of sandy
regions.

14.2.3 Foreatry activity

ii.

These actions concern:
- The stabilization and fixation of the litoral dunes.

- Protection of the oases and the campaign againsgt invasion hy sand in the
gouth of Tunieia.

Stabilization and fixation of the litoral dunes

These are situated in the north of the country and their development began in
1904. The technique used comprises the following operations:

a. establishing a coastal protective cordon with the help of brushwood
and branches.

b. astablishing complete squares of earth with the help of "sascharum",
€. Tixing them with the help of a cover of branches.
d. reafforestation with appropriate species: acacia, sucalyptus, pines.

Frotection of the oases and the campaign against invasion by sand

The problem of defense of the oases and the fight againat sand invasion was
traditionally carried out with date palms which assursd also protection of
the nearby crops. But the oases are more and more menaced in their entirety
by the sand., Their protection is therefore a paramount necessity.

The technique of fixation used is relatively different 4o the first in that
the immediate aim =ought is the protection of the oasis, buildings and
subatructures by placing them in the shelter of artifieial dunes or tabia
(earth levees) of 0.80 m high supporting a fence of palm fronds or slabs of
fibro—cement raised at regular intervals. The distance arranged between these
dunes placed perpendicular to the wind direction and the zone to be protected
is about 200 m. This band is reforested with certain local species {tamarix,
salligonum, scacia and atriplexis).



The forestry activities have led to the following results:

- from the goil improvement point of wiew: the forestry plantations have
contributed to the enrichment of the soil with organic matter and have
improved its structure. These improved dune soils could be suitable in
certain cases for more profitable tree growing cperations.

- from the sylviculture production peint of wiew: the reforestation carried
out_on the coastal dunes has an actusl annual production of between 3 and
5 m3/ha of resinous trees and 6 to 8 m3/ha for the folimged ones. This

production has by far surpassed that of natural forests in the same climate
(600 mm/a).

- from the protection point of view: the results achieved are very encouraging.
They can be seen as a noticeable improvement in the production from the
cases and irrigated areas. This is why a particular effort was made
regarding the same problem in the centre and south of Tunisia in the
framework of the four-year plan 1973-76, because the fight azainst the
invasion by sand fille a vital need in putting a brake on the process of
desertification which is set in motion as a consegquence of thoughtless
exploitation of the natural vegetation, the intensity of grazing and
cultivation,
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by

Anwar Jirzirah
Abdulla 41-Dukail
Martin Smith

INTRODUCTION

The People's Democratic Repudblic of Yemen (P.D.R.Y,) is situated on the south-
western side of the Arabian Peninsula and etretches over 750 miles along the Indian
Ocean covering a total area of about 112 000 mi? with a population of about one and
a half million. The country lies within the arid region and the oclimate is tropical,
characterized by hot and humid conditions in the coastal region with a very low
rainfall of about 25-65 mm per annum, whereas the mountainous and semi-mountainous
areas encounter a somewhat cooler and less humid climate with annual rainfall that
might reach 350 mm.

Only about one percent (600 000 ae) of the total area of the Republic can kte
considered as cultivable land and is situated in the numerous wadis intersseting
the country from north to south. Due to the total lack of rainfall, eapecially in
the coastal region, agriculture is completely depandent on irrigation. Most of the
regearch up to now was concentrated in the Wadi Tuban and Wadi Ahyan deltas, both
classified within the coastal region; therefore this paper will be restricted to

these two aress.

Traditicnally the main source of irrigation water is that of the spate floods
(which flow from April to September in most of the wadis of the second and third
governorates), These flocds ococur in two seasone; the main one being from July to
Ootober when the south-west monsoon brings heavy thunderstorms in the northern
mountainous catchment areas, three-guarters of which lies in the sister country of
the Arab Yemen Republic. A second season of minor importance caused by north-
eastern winds oocurs in April to May. This system of spate irrigation usually
affords one single irrigation just encugh to raise one crop of cotion or sorghum
per year. Due to these conditions the aptual cultivated area is dependent upon the
amount and frequency of the spate floods. Conseguently only about 30% of the total
cultivable area is utilized for sgriculture production. 4 vast area is under long
fallow or is abandoned agricultural land owing to the defieciency of the irrigation

systems and scarcity of irrigation water.

Since independence in 1967, the Government of P.D.R.Y. is giving increasing
importance to agrieculturs, which employs B0% of the working population, but
contributes only 205 to the national gross product of the country. Hense the
eggential problem remaining to be solved in the immediate future is an overall
agriculture development, improvement of irrigation water sources and soil reclamation.
This problem was ftaken into consideration in the 3 year plan and will be the ultimate
goal to be achieved in the fortheoming 5 year plan (1974-79).

S0ILS CF WADI TUBAN AND WADI ABYAN DELTAS

Most of the agricultural areas in the coastal plain and wadi beds conszist of
alluvial deposits formed from the annual =sedimentation of the suspended load carried
by the floods. DBasically the texture of the alluvium mainly consists of silt and
gand with a few c¢lays. Due to the lack of rainfall, the soil profile shows no
feature of any pedogenesis; hence the soils are immature and show no genetic horigons.



The only real soil forming process is that imposed by human activities. Tach year
the spate water spreads a thin layer of mainly fine particles on the irrigated fields,
thus forming the so—cmlled anthropiec soils with a clay to siliy loam fexture. A
third soil forming factor is that of the aeclian activity. Strong winds form sand
dunes of uniform fine sandy texture and carry or ercde alluvial and anthropic solls.
In the upper reaches of the wadi there are anthropic soils with a silt loam to loam
texture. The lower part of the wadi has natural alluvial soils with loamy sand to
gandy loam textures.

As mentioned above, scarcity of water is the limiting factor which hinders
agricultural development, soc the main task of the Ministry of Agriculture and
Agrarian Reform is therefore to investiigate the possibilities of extending the
agricultural area by exploitation of the groundwater resources by drilling wells
in the lower parts of the deltas in the coastal region (Wadi Tuban and Avyan) and
Wadi Hadramawt in order to assure a more permanent and reliable source of irrigation
water to reclaim the sandy soils and render them productive. In this respect we
have to overcome the following problems:

i. the low fertility of these wirgin and sandy soile;

i, the low irrigation efficiency due to high infiltration rate and the
frequent irrigation due to low water holding capacity of the soil and
higzh evaporation;

iii. the wind eroeion and wind deposits which are seriously affeciing the
cultivated land.

In the Wadi Tuban Project, which is one of the large scale ?AGIUHDP projects,
the establishment of two pilot farms (120 ha) of mostly virgin sandy loam to loamy
sand soils, will face challenges in the process of reclamation, due to the rather
high salinity of these soils which was made evident by the salinity and management
probleme encountered in the reclamation work attempted prior to the construction
of these pilot farms. In spite of that the following work will be undertaken to
reclaim these soils:

a. During the first 2 years selected crops suitable for cultivating
virgin so0il will be planted, such as sorghum and millet, in order
to minimize the poor yield expected and characteristic of soils
under such conditions. Also other crops will be tried for reclamation,

b. To inecresse the fertility of wvirgin and sandy soils, the following
trials will be laid out:

(a) green manure of local and imported species
(b} animal and chicken manure
(e} compound fertilizers especially with nitrogen and phosphorus

¢. To reduce the salinity of the soils, extra amounts of irrigation water
will have to be applied to reduce the salinity hazard. At the present
time up to 800 mm of irrigation water is applied for leaching salts.
Trials have been laid out to establish the right smount for leaching
requirements.

d. In order to prevent unnecessary loss of precious irrigation water and to
improve the current low irrigation efficiencies, new irrigation methods
and prastices are to be tried out., The introduction of furrow irrigation
and the improvement of levelling technigques for basin irrigation seems to be
promising. MAlso water requirement experiments are carried out to find the
exact amount of water needed for irrigation.



e. At an early stage of reclamation, windbreaks and shelterbelts are going to
be @siablished sv as to prevent serious damage by wind erosion and sand
depogition. Henoce rows of tamarix, parkinsonia, conocarpus and casuarina
species are going to be planted around and inside the pilot farme at Jawala
and Fiyush,

Like the Wadi Tuban area, most of the soile of Wadi Abyan are alluvial and
their texture exhibits about equal proportions of fine sand and silt with no coarse
sand fraction and less than 10% clay fraction, hence they are considered light soils.

The textural classes of these solle together with their percent distribution, are
shown below:

1. Sandy soils 22%
2. Loamy sand soils 33
3. Sendy lcam soils 274
4. Silty sand loam soils oy
5. S8ilty clay loam soils 165

1004

The soils of Abyan delta were classified ms uniform to slightly stratified
with ne distinet genetic horizons due to the uniformity of the sediments brought
by the annual floods. The characteristics of the analysed samples were as follows:

Baturation percentage: 23-454 by weight
S0il colour: Lightt browm to yellow
Permeability: 5-15 em/hr
Gypeum: 0.5-1.7%
Caleium carbonate: 10-204%

E C of saturated extract: 1-60 mmhos/cm
pH: To2-%0 8.8
Organic matter: 0.35 - 1.0%
Total Nitrogen: 60=-550 pom

Total P.,0 1.4 - 8.7 ppm
Total K507 1 000-4 000 ppm

The Government has one major research station at El-Kod in the Abyan delta in
the third province. This was formerly the Cotton Growing Research Station but after
independence the station was reactivated and has been developed by FADEUNﬂP
Agriculture Research and Training Projeet into an Agriculture Research Centre for
the whole Republic. The current studies of the Soil and Forestry sections of this
eentre are devoted to:

I. Bxperiments on infiltration rate, water holding capacity, salinity and salt
balance due to the addition of various amounts of irrigation water of
different quality.

II. Sand Dune Fixation and Afforestation

In 1971, Dr. ®. Costin, Porestry Expert and Project Manager of FAQ/UNDP
Agricul ture Research and Training project, started research on sand dune
fixation and afforestation. Hxperimental plots were set up on maritime and
sontinental sand dunes, whereby a network of pre-planted mechanical devieces
was established in order to protect the seedlings from burial or uncovering
by the blowing sands. The distance between the gtrips as well as the size
of the checkerboard differs according to wind speed, the steepness of the
slopes and form of dunes. The fences were built of dead materials locally
available sueh as reeds [Eggggmitig_cnmmgnis}. During this time movement
of sands inside the fences was recorded monthly by special sticks. TFrom




L |

st

the research that has been done up to now it ¢mn be concluded that checker-
board fences acted not only as a mechanical device for stopping the sand
movement, but also improved ecological conditions by redusing the evaporation
from the soll and providing hetter conditions for the survival and growth

of the seadlings.

Afforestation of sand dunes waz related to ecologieal studies, especially the
meisture content of the soil. From the studies that were performed in this
field the following can be concluded:

- moisture content increases with depth witih the top layer being very dry;

= the sands have a low water holding capacity bul preserve the moisture for
a long time;

- dew is cne of the very important water resources for plants growing in
sanda and deserts.

From the experiments carried out Woth on maritime and continental sand dunes,
deep planting up to 1.50 m gave the best results, especislly for long cuttings
of tamarix. The planting should e done according to site conditions -
shallow on depressions and deegper on high sitea.

fegarding the tree species, the following are the most suitable for desert
conditions:

On top of high dunes:
Tanarix aphylla, Acacia tertilis, Calligouun somosym

On slope of dunes:
Tamarix aphylla, Prosopis juliflora, Acaclas oysnophylla, Parkinsonis
aculeata

- On depressions between dunes:
Parkinsoria asuleata, Tamarix, Azadirachta indica, Acacls arabica,
Salvadora persica y

On sandy soils from depressions:
Gasuarina ejuisetifolia, Azadirachta indica, Eucalyptus camaldulensis

GONCLUSICN

ur ocountry needs to undertake nore research in agriculture and irrigation
as a whele an varicus ereps and on different agricultural snd irrigation practices
at different areas. Ve would like to mention that net less than 60% of the
cultivated land of P.D.R.Y. consists of sandy secils. Indeed the reclamation of
such soils will be one of the major problems we have to overcome in order to obtain
an expansion in the cultivated area hand in hand with the wvertical ewpansion to be
gained from research to increase the yield/acre and the irrigation efficiency.
Therefore, there ie no doubt that this Seminar, with the fruitful discussions of
a panel of experts, will enrich our knowledge and will be of great benafit to
P.D.R.Y. in this field.
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V. BUPFLEMENTARY PAPEHRS

FIELD WATER BALANCE IN CROPPED LUCERNE PLOTS

by

V. D. Krentos, Y. 3tylianou and Ch. Meatochis
Agricultural Research Institute, Nicosia, Cyprus

SUMMARY

The instantanecus profile method was applied in successively cropped and fallow
(covered) plots in order to assess the drainage component in a field water balance

study.

Moisture changes in a layered medium textured soil were frequently monitored
wWith a neutron moisture gauge with conecurrent measurements of matric suction by
mercury tensiometers placed at 30 em intervals up to a depth of 240 cm. From these
data it was possible to determine the unsaturated hydraulic conductivity of the
draining fallow (covered) plot over a period of 100 days from which the drainagze
component oecurring over a series of crop-irrigation cycles over a whole year was
caleulated. Thus the actual ewapotranepiration of luserne was determined from soil
moisture changes adjusted for drainage.

Yields of dry matter, changes in soil moisture, drainage and evapotranspiration
values during each crop cycle are presented and discussed. Actual evapotranspiration
is compared with potential evapotranspiration (Penman) and pan evaporation and it is
eoncluded that this relatively simple procedure provides a realistic estimate of
crop water requirements and may be adopted for water uses effieiency studies.

INTRODUCTION

Irrigated agriculture in arid and semi-arid regions is of vital importance to
their national economies. It is not uncommon that the increase in agricultural
productivity is not restricted by the availatility of land resourees but rather by
the very limitation imposed by low rainfall and the short supply of zood guality
irrigation water, (Fried and Barrada, 1967). This is particularly true for
countries like Cyprus where irrigated crops, representing only 13 percent of the
cultivated land but coentributing over 50 pervent of the total valus for agricultural
production, impose a severe burden on the rapidly depleting underground water
respurces of the island.

Thus the critical guestion poised starkly over Cyprus is whether the
remaining balance of ita water erop ecan indeed sustain the requiremente of existing
plantationa excluding any thought, for the moment at least, of expanding irrigated
agriculture. This need for "survival", therefore, confers a new dimension on the
necessity for the most efficient use of its water rescurces. To be Bure, it
requires as precise a kmowledge of the optimum ¢rop water requirements as could
poseitly be ascguired,

Field studies on crop water requirements carried out in Cyprus prior to 1971,
such the one presently reported (Stylianou and Krentos, 1972), wers pervaded, as
elsewhere, by the prevailing concept of "field ocapacity" with its consequent confines
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on the thinking of scil moieture avallability. OGardner (1966 and 1967) has pointed
that this concept, based on the assumption that no downward movement of soil water
cccurred at water contents below this upper limit, disregards the physieal processes
known to take place coniinucusly within a soil profile. It is now well recognized
that, even without changes in =0il moisture, downward movement of soil moisture is
cperative for much longer periocds of time than could be inferred by the concept of
field capacity, and that losses below the root zone should be accounted for in field
water balances (Rose and Stern, 1965).

However, drainage of irrigation water below the root rone should not necessarily
always be considered as a mere loss but alsc as a desirable process in alleviating
the hazards of salinity, another preponderant consideration in arid and semi-arid
lands. On the other hand controlling drainage is important in regulating the
movement of soluble nutrients suech as nitrates for a more efficient utilizetion of
fertilizer nitrogen and for avoiding nitrate pollution of underground potable water
suppliea. Thus a precise determination of the drainage component in the field is
necegsary both for a more accurate estimate of the water balance of a vegetated
field and for devising ways and meane to regulate the downward movement of
irrigation water.

The theoretical aspeets of soil water movement have been extensively studied
in recent years and the physical principles and the nature of such processes have
been reviewed and placed in a logical perspective by Rose (1966) and more recently
by Hillel (1971).

The application of theory to field situations awaited the development of

tested methods for the deftermination of soil hydraulic properties in situ. Hose

et al (1965) have described one such field method for determining the hydraulic
conductivity at any water content by monitoring the internal drainage of a profile
in its transient-state. This method was subsegquently applied by Fome and Stern
(1957) to determine the raie of water uptake by cotton from different depths and at
different growth stages. Similarly van Bavel et al (1968 and 1968) have applied a
similar approach for the field measurement of unsaturated hydraulic conductivity of
fallow, fallow—covered and vegetated plots in an effort to assess the water balance
within the root zone of a sorghum crop.

Watson (1966) applied the instantancous profile method for the determination of
the unsaturated hydraulie econductivity of a coarse sand ecolumn and concluded that
Naroy's Law i applicable to unsaturated flow in similar materials. To determine
the hydraulic properties of a draining soil profile Hillel et al (1972) adapted
and tested Watson's method for field situations.

The work described in this paper is an attempt to apply the simplified
instantaneous profile method to the same plat in a fallew {eovered) - lucerne
rotation for the determination of the hydraulie properties, allowing the aszesement
of the drainage component for which the actual evapotranspiration of lucerne, as
detarmined from soil moisture changes wae adjusted,

EXPERIMENTAL PRCCEDURES

Field =ite characterization

The experimental site selected was within the Institute's farm at Athalassa,
near Nicosia, in the central plain where most of the agriculturally exploitable
land lies, c

The climate of the site bears the accentuated arid character of the central
plain in particular and of Cyprus and the eastern Mediterranean basin in general.
In dry years the central region receives less than 200 mm of total annual rainfall
between November and April and during the dry months of the year the large moisture
defieit has to be supplemented by irrigation. The mean monthly maximum temperatures
reach as high as 35°C in July-August accompanied by low relative humidity. Evaporatio
during the summer months is thus particularly favoured resaching 10 mmfday. Fig, 1
typifies this high evaporative demand of the surrounds of the experimental site.
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Fig. 1 PAN EVAPORATION (USWB 'A'), CALCULATED ET (Penman)} AND MONTHLY
RAINFALL (R), ATHLASSA

The soils of the experimental site are medium textured calcarecus alluviums
classified as calcaric lithosols according to the system adopted hy the Turopean
Commission on Agriculture of the United Nations, The textural characteristies of
the profiles in the experimental plots, referred to hereafter as plot 'A' and
plot 'B', are presented in Table 1. It will be noted that texturally neither
profile is uniform throughout and that the defined soil layers range from clay loams
to sandy loams. In addition, the layer sequence in profiles 'A' and '3' is not
closely comparable although the two plots are only 25 m apart. This is partly the
result of land levelling in 1962, but in general most soils in Cyprus would show
such variabilities within short distances in the same field,

Plot layout, crop rotation and instrumentation

At the commencement of the study in August 1971 plot 'A', located within an
established field of lucerne sown in April 1970, covered a & x & m area. Soon after
harvest of lucerne, in the centre of the plot a 270 cm lony aluminium access tube
(2 inch 0.D.) was installed vertically in a hole drilled with a hydraulically
operated coring probe of slightly smaller diameter. Mercury tensiometers were
installed, with the aid of a screw auger, 50 cm away from the access tube, at 30 om
intervals up to a depth of 240 em. After each harvest of lucerne the plot and the
surrounding buffer zone were irrigated once only to ensure initially a thorough
wetting of the profile down to 240 em. Freguent concurrent moisture and tensiometric
records were taken throughout each cycle and until July 1972.

The lucerne was then carefully cut, leaving intact the major portion of the
roote, generously irrigated overnight and subsejuently covered with a plastin sheet
on top of which a muloh of straw followed by a layer of loose soil was placed, The
access tube and the battery of tensiomaeters were left intact., The internal drainage
of the fallow (covered) profile was monitored hy making frequent moisture measuremsnts
and taking tensiometric records over a period of 100 days.

On the other hand plot 'B', 25 m away from 'A' was located in an adjacent
fallow field. Plot 'B' was ridged as a 4 x 4 m area surrouzded by an outer ridge
forming a 2 m-wide buffer zone. Water was ponded on the surface on successive
days until steady-state infiltration conditions, as indicated by the tensiometers,
were attained.



Table 1  HECHANICAL CALCIUM CARBONATE CONTENT AND
TEXTURAL CLASS OF S0IL PROFILES TA' AND 'R
ATHALASSA
Profile Clay  B5ilt Sand % Caﬂﬂ3 Textural
depth X - classe
{cm) Pine Coarse 5%
Athalassa 0-30 B.& 37.9  25.0| 32.2 5.5 20.6 1
Flot "A' | 30-60 8.6 18.9  13.0| 56.7 10.3 19,3 5L
E0-90 8.0 22,3 13,8| 52,3 A 21.1 5CL
0=120 8.3 iz,2 22,9 41.2 3.5 24.3 SCL
120-152 8.3 23.8 16,2 1.7 T 19.5 SCL
180-210 B.6 39,5  33.5| 25.2 2 21.7 cL
Athalagsa | 0-20 2.4 33.4 32.3| 30.5 3 19.8 L
Plot 'BY | 20-40 8.2 18.9  17.5 | 5T.3 & 16.4 5L
40-90 2.1 12,0 13,8 | 60.4 11 19,7 5L
B0-120 8.2 26.6 28,3 M.0 4.1 23.0 L
120-140 8.4 33.3 21.9| 40.1 | 20.4 SCL
140-150 8.6 24.0  21.2 | 50.5 4 20.4 5L
150-190 8.8 15.7  16.4 | 56.5 11, Baa b E
190-210 8.7 21.0 6.4 | 56.9 Ba 19.2 0L
210-250 8.7 35.4  32.7 | 3.5 1 19.4 oL
250-270 8.5 2.4  3t.5| 28,7 2.5 18.7 2
270-290 8.8 37.9  36.9 | 25.0 Oud 20.0 gL
[ Clay loam
’ Sandy loamn

Hoth the main plot and buffer area were covered as in plet 'A'.

a4

Jandy oclay loam

Loam

Frequent

moisture and tensiometrie measurements were made over a period of 80 days,

In fpril 1972 fallow plot 'B' and the surrounding buffer
hand cultivated, Tertilized with superphosphate and sown to lucerne,
ascess tube and the battery of tensiometera were left intact.
established, regular reccrds were taken during each irrigation oycle from July 1972

to July 1975,

In both fallow {covered) plots an additional tensiomater was installed at 5 om
depth. This was not possible in the cropped plots because of the fast drying of
In both sropped plots lucerne was harvested at about
10 percent flowering stage, and the fresh and dry matter of fodder produstion was

the surfaca top layer.

recorded and analysed for Hy F and K.

EOon& wera uncovared,
The neutron
lucerna was

Onoe the
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Measurement of soil water

With the exception of the top 15 cm, so0il water measurements were carried out
in situ with the neutron gauge at depth intervals at 15 em down to 240 em. The
nautron gauge was callbrated against gravimetrie sampling and, although in absolute
values the instrument indicated higher soil water contents, both the displacement of
the calibration curve and of the moisture profiles were paraliel over the ranges of
s0il moisture encountered. Thus the soil moisture changes as determined by the
neutron gauge have been accepted as valid.

Measurement of nydraulic head

Tre hydraulic head was taken as soil suetion,measured by tensiometers, plus
depth with respect to the soil surface.

Progegging of data

The step-by-step nandling of the field records of soil moigture changes and
suctions, obtained from the fallow (eovered) plots, and their subsequent
processing followed exactly the same procedural sequence as described by Hillel
et al (1972).

Typical measurements in fallow plot 'A' showing the changes of volumetrio
moisture content and matric guctions with time are depicted in Figs. 2 and 3
respectively. FPFrom the moisture—time curves the soil molsture flux through each
depth inerement down to a specified depth of 195 cm was calculated.

The hydraulic conduotivity, K, at each depth and for different soil water
contenis was caleulated by dividing (luxes by the corresponding hydraulic gradients.
4 plot on semi-log paper, as in Fig. 4, shows the relationship of K to the
volumetrie moisture content in the various soll layers. .

The drainage component in the cropped plets occurring below the depth of
195 em was computed from the hydraulic conductivities (found from Pig. 4 by
raference to the particular mnisture contents prevailing in this depth at
different days) multiplied by the corresponding hydraulic gradients in the
180-210 om layer. A typical caleculation of the drainace compeonent is given in
Table 2.

The chanzes in s0il neisture content cecurrinz in each crop cycle were
adjusted for drainage and the rate of actual evapotranspiration (ETa} was
calculated and compared to pan evaporation (USWB Class A) as shown in Tables 3 and 4.

RESULTS AND DISCUSSION

Prom the mechanical analysis of the wvarious scil layers in both plots it
hecomes evident that neither profile is texturally uniform throughout the depths
considered. PFurthermore, the hydrologic characteristics of the constituent layers
as depicted in Fig., 2 (changes in soil moisture with time), Fig. 3 (changes in
matrie suction with time) and particularly by the plots of the relationships of
hydraulic conductivities witk soil water contents, Fig., 4, show wide variability
from layer to layer to the extent that not a single curve but a family of curves
will guffice to charasterize the profile as a whole. This is true for each profile
gseparately and in comparison to each octher.
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Table 2 CALCULATICN COF THE DRAINAGE CCHMPCNENT, U, DUEING
AN IRRIGATICHN CYCLE OF LUCERNE FLOT 'A', ATHALAB3A

Period T Hydraulio head, E, U= I:Kbi"T ) 195
(days) (4 at K 2H 2z o
z=180 cm 2= 210 cm (om/dzy)} b (cm)
1 45.2 227 306 0.255% 2463 0467
1 45.7 228 306 0. 360 2460 0.94
1 5.7 226 301 04360 2.43 0.87
2 44,9 231 293 0.200 2,0 Ce53
1 44.7 234 296 0175 2,00 Ce35
1 44,6 238 303 04160 217 Ua35
1 44,0 242 309 0.105 2.23 D.23
1 44.0 246 EA 1) 0,105 2,33 De2d
1 43,6 250 321 0.085 2.37 0.20
2 431 255 325 D.065 2.33 C.30
1 43.1 260 33z 0.065 240 .16
1 42.7 265 42 J.053 2.57 Ca14
1 42.3 271 351 0.044 2.47 0.12
1 42,2 277 353 .42 2.487 D12
1 A1.9 282 371 0.037 2.97 0,11
17 HeG3
Table 3 CALCULATION OF ACTUAL EVAPOTRANSPIRATION (ETal
ADJUSTED FOR DRAINAGE AND RATE OF DRY MATTER
PRODUCTION 1IN DIFFERENT CHOP IRRIGATION OCYOLES
OF LUCERNE PLOT 'A' (JULY 1971-JULY 1972}
Cyole dil Rainfell i ETa E pan ETa , Dry matier
(days)  (mm) (m) {mm)  (mn/day)  (mm/day) /3 pan  (kg/day/ha)
17 196 41 56 10.7 Tad 1.45 86,3
19 193 20 31 Gu 6.9 1.39 39.3
26 21e ¥iL 27 Tal £l 116 60,0
3T 170 NIL 70 2T 1.6 CeT5 8,5
48 114 91 152 13 144 .79 27.0
51 125 313} 110 1.6 1.9 0,84 39.5
0 113 48 &g 2.4 31 0.77 69.0
2z 133 12 65 15 o5 .82 90,0
28 198 17 g2 55 fa0 0.52 GE,0
17 116 36 46 Bal L 0494 130.5
17 178 HIL 29 9.2 0.1 101 176,13
17 200 NIL 33 9.8 B,o 110 34,4

g = change of seil water content within each orop irrigation cycle
U = accumulated drainage in each cycle

E pan = evaporation from open pan USWE Clags '4'



It was in cognizance of these differences that it was congidered unrealistic fo
use parameters such as the hydraulic conductivity obtained from fallow plot 'B' to
arrive at the drainage component of cropped plot 'A' and vice versa. It was thus
thought more realistic to alternate the rotation, luserne—fallow in ploct "A' and
fallow-lucerne in plet '"B'. In this way the functional relaticnship of the
hydraulic conductivity with soil water content was obtained for the particular
depth of 195 em (assumed to be below the main root zone) in the fallow plot (Fig. 4,
purve 7). Subseruently by reference of the soil waier contents encountered in this
gone during each orop irrigation oycle the hydraulie conduetivity, k, was cbtained
and by multiplying this with the hydraulic gradient AU at 195 om, determined from
tensiometric measurement above (180 om) and below <2 {210 em) tais depth, the
ascumulated drainage below the root gone was computed.

A typical calculation by thie procedure is given in Table 2. It will ke
obeerved that the average water content at 195 cm increases slightly 2 or 3 days
after irrigation while the hydraulic gradient of the layer 1B0-210 em shows a
corresponding decrease, This situstion is also reflected in the drainage below
185 em which increaged in 2-3 days after irrigation and thereafter diminished to
reach a value of 1.1 mm/day on the 17th day.

The distribution and movement of water within the profile after application
ig demonstrated in Fig. & showing that major changes in the cropped plot cceur
down to a depth of 120 em while at the depth of 135 em only comparable minor changes
in water content are observed when the plot is cropped or fallow (Fig. 5). In spite
of this the hydraulic gradient in the 180-210 em zone alwaye Favoured downward
movement of soil weter from the depth 195 em. It is thus concluded that irrespective
of any root activity in this zone z net downward movemnent takes plase. This pattern
is operative in each and every crop irrigation eyele as shown in Fig. T where
puccessive changes in hydraulio head in the different layers and in a number of erop
irrigation oycles are plotted against time. In this case tco, irrespective of the
rate of surface evaporation, the hydraulic gradient between 180 em and 210 om always
indicates downward movemant.

Thus the rate of actual evapotranspiration {ETa) was calculated from the
relation proposed by Hillel et al (1972)

(dE‘I‘a,):-( aul ) - (< al Y
at 7 Ude/ L .

where ( d ie the change of =z0il water content within each crop
irrigation cysle from the surface down to 195 em and

at P

(K;g;i\ is the net accumulated drainage from the same depth, namely
Z;?r the drainage component. The computation of actual
g evapotranspiration along these lines is shown in Table 3
for luoerna plot *A' and in Table 4 for lucerne plot 'B'.

It will be observed from Table 3 that the rate of drainage below 195 cm ranges
from 1-3 mm/day representing 10-30 percent of actual evapotranspiration during the
ghorter summer crop cycles, but can reach 100-300 percent during the rainy season.

By comparing actual evapotranspiration with pan evaporaticn as shown by ETs/Epan
ratios it was observed that for the first two cycles in plet 'A' the ratios were
unexpectedly high. This was attributed teo the possibility of lateral movement
within the copiously irrigated profile at the initiation of the study.

Similar ccmparisons for lucerne plot 'B' show that the drainage was in
general lower than in profile 'A' but the actual evapotranspiration occcuring in
seagonably corresponding crop cycles were comparable.
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Table 4 CALCULATION OF ACTUAL EVAPOTRANSPIRATION (ETa) ADJUSTED
FOR DRAINAGE AND FRATE OF DRY MATTER PRODUCTICN 1IN
DIFFERENT OCROP IRRIGATION CYCLES OF LUCERNE PLOT '3f
(JULY 1972-JULY 1973)

Cycle di Rainfall u ETa E pan Et&f ﬁryamatter
(days) (mm) (mm) (om)  (mm/day)  (mm/day) '% pan (kg/day/ha)
22 239" NIL 18 10,1 8.8 1.15 83,3
20 224 5 46 Ga 8.5 1.07 111.0
27 230+ NIL 48 ol T5 0.91 5G.5
26 150 NIL 34 4.5 Bel D.T1 51.0
41 141 3 25 2.9 3.2 0491 42,0
B2 17 16 23 a2 1.8 .67 27.8
48 91 38 43 1.8 2.8 D64 63.8
a0 191 8 58 AaT 4.8 .97 114.0
30 171 1 27 4.8 Tel D.67 130.5
18 115 5 26 5.2 T+5 0.69 192.0
20 164 14 28 Teb 9.4 0.1 169,5
15 179 NIL 17 10.8 10.4 1.04 207 .8

+ Heceived supplementary irrigation of 100 mm

dW = change of soil water content within each orop irrigation cyole

1]

acounulated dreinage in each cycle

% pan = evaporation from cpen pan USWE Clams 'A'

In general, in both plots the ratio of Ema/Epan approaches or even exceeds
unity during the hot summer months and ranges from 0.7 to 0.8 in the winter and
cooler periode. A plot of the relaticnship between ETa and Epan for both plots
ie shown in Fig, 8, It will be noted that although there is a linearity up to a
daily pan evaporation of 7 mm, at values approasching 10 mm per day there seems to
be a proportionally higher increase in the rate of actual evapotranspiration.

In this study the field water balance of two luserne plots was computed from
the depletion of scil moisture within each irrigation cyole. This change in scil
water content was adjusted for net drainage loszses belcw the root zone. Although
the uptake of water from an assumed depth of 195 cm cannot be precluded, yet the
net result is that drainase occurs below this depth, albeit at a diminishing rate
as depletion of soil moisiure increases from regrowth to harvest of lucerne in
each orop cycle, .

It is realiged that in absclufe values the calculated drainage component
may fluctuate because of ite dependence on the hydraulic conductivity which in
iteelf may not be precisely defined in a layered scil. However, this procedure
provides an estimate of the actual evapotranspiration of a vegetated field.
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SOME PHYSICAL PROPERTIES OF SANDY SOILS AKD SaND DUNES 1IN I[RAQ

by

Jamal S. Dougrameji 1/
Soil-Water Division
Arab Centre for the Studies of 4rid Zones and Dry Lands

INTRODUCTION

In Iraq, sandy soils and sand dunes are located arcund 3aiji in the norih,
in an area north-east of Hille - Diwaniyah and in a sand belt, more or less paralleal
to the Fuphrates situated in a WW-S5E direction south of a line Majaf Zubair with a
width ranging from 5=25 km. Toe genseral movement of dunee is in & south-easterly
direction as a result of prevailing north-westerly winds (Map 1).

Among the many factors responsible for soil drift amd the conseguent formation
of sand dunes are drought, over-expleoitation of natural vegetation, ihe unprotecied
dredged material along canals and improper operaticns. These faciors led to sericus
socio-economic problems, the engulfing of agricultural fields and grazing lands,
irrigation systeme and lines of communication by blown sand from adjoining areas.

Before attempting large scale phyto-reclamaticn of ssndy soila and shifting
dunes, it is well worth investigating their plant growing conditions with special
emphasis on s0il moisture characteristice in relation to particle size distribution,
rainfall diztribution and intensity in relation to s0il moisture distributicn at
different depths and after each rain. These pelationships plus the information on
natural vegetation and climate will provide a better understanding cf the ecosystem
from the point of wiew of its reclamability through vegetation ae well as a sound
criterion for the choice of plant species to be used during the process of
reclamation.

This report deals with the results of investigations carried cut by the
author on the sandy soile and sand dunes of Iraq.

MATERIAL AND METHCODS

Soil moisture characteristics of zraded silica sands were determined in
triplicate smamples on guction tables. The mzasurements were made at the same
intervals from 0-60 om sustions {Dougrameji, 1965).

Soil moisture characteristics, bulk density and percent porosity were
obtained in triplicate samples of Zubair soils using suction tables in the intervals
of 0=100 om water suction, and preseure plate and pressure membrane extractor for
pressures ranging from /3 to 15 atmosphere (Dougrameji, 1970C)

S50il moisture characteristics and particle size distribution were determined
on aoil samples from dunes in Baiji, Mussayeb, Najaf, Muggaishi, Massiriyah, Amara
and Zubair. In addition, two samples from the sediment of the Mussayeb and Hamir
canale in the Greater lMussaysb project were also studied in order to determine
whethar these asediments constitute the source of the material forming dunes in the
project (Dougrameji and Xaul 1371).

1f Formally Assiastant Profssscr and Director, Institute for Applied Research
on Natural Resources, Abu Ghraib,Irag.
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2.3

RESULT AND DISCUSSION

The data in Table 1 ghow an increase in seil meisture content for the uniform
gand separates as the particle size of the separates decreases. The suction required
to drain the pores in the sand separate lncresses with decreasing particle size,

The percent seil moisture for layered samples in Tables 2 and 3 indicates
the pregence of two breaks in soil meisture suction curves. The breaks become morea
proncunced the greater the difference in particle asize of the two layera. But when
the fine sand underlay the coarse sand, the coarse sand layer drained out through
the fine leyer at almost its normal suction, then she bottom fine layer drained
when the suction was raised. On the other hand, when the coarse sand underlay the
fine pand there was no significant amount of wWater removed from tie sample until the
suction necessary to drain the fine layer wae reached. liowever, alier approsching
this eritical point, a small increase in suction caused removal of a large amount of
water from the sample due to draining of both layers at once,

Table 1 PERCENT MOISTURE BY WEIGHT AT VARICUS SUCTIONS
IN CORES OF UNITORM 3SAND GSEPARATE

Average i . g ligizture
e Moisture suction - cm wataer distribution
particle o 10 20 i0 40 50 40 | ratio at 60
mn  dia cn  suctlon
Fercent moisture oy wWeignt
2.20 2141 2.3 1.4 0.9 C.7 0.6 0.5 1.0
134 22.1 245 1.2 0.8 D6 0.5 C.T Te0
0.63 29.7 1646 a2 2l 1.6 1.0 2.4 1.0
0.23 3.7 34,00 3330 21.9 Ta2 dal 3.3 1.0

Table 2 PERCENT MOISTURE BY WEIGHT AT VARIQUS SUCTIONS
IN CORES CONSISIING OF TWO LAYERS (COARSE
SAND OVER IHE SAND SEPARATES)

fAverage Moiature
particle Moisture suction - om wWater distribution
gize of - ratio at &0
top and 0 10 <0 30 40 20 50 |om  asuction
bottom

layers Percent moigture by weight

mm dia

2.,20/0.63 18.7  13.5 23 1.5 1a1 0.8 0.7 055
2.20/0.23 22.3 17.7 17.0 15,3 4.4 2.6 2.1 0.10
1.34/0.63 23.9 13.9 2.4 1.6 1.2 0.9 0.7 0,70
1.34/0.23 275 1749 1741 15.6 4.5 2.6 2.1 0.10

0.63/0.23 32.4 2242 17.9 15,1 4.5 2.7 2.1 0410
|




Table 3 FEIRCTUT WOISTURE TY KEICHT AT VARIOUS SUCTIONS
IN GORES CONSISTING OF W0 LAYERS (FINE OVER
COARSE SAND SEPARATES)

fverare Moisutre
particle distribution
giza of Moislure suction - cm water ratioc at 60
top and cm  suction
bottom o] 10 20 ao AQ 50 a0

layers

mm  dis Parcent moisture by weight

1.34/2.20 | 24.6 2.5 1.6 1.1 0.9 0.5 0.6 0.0
0.63/2.20 | 26.4  13.5 4.4 9.7 8.5 8.2 746 15.2
0.23/2.20 | 27.0 26.2  24.7 15.9 14.9 1445 Tda3 28.6
Cu63/1.34 | 25.9 26,3 14.5 1247 1.7 10.8 1043 26.3
0.23/1.34 | 28.8 28,2 27.7 17.5 16.9 16,3 16.1 87.1
0.23/0.53 31.6 3045 19.0 1.8 15.8 16,0 15.2 23.6

The molsture distribution in the drained sand lsyers indicated the presence
of & large amount of water in the fine layer overlyingz the coarse layer. The
moisture conient was 7595 higher when the fine sand of 0.23 mm average particle
size was underlain by & very coarse mand of 1.34 mm in diameter.

Zubair soils consist of gravelly sands developed by aeclian sorting and
deposition. Tie soil profiles studied were characterized by light greyish brown
loamy sands surface zoil underlain by light brownish yellow sands. In the
dominantly cosrse-textured soils mechanical composition of the various profiles
rangzed from 80-957 sand, 1.5-12.8¢ silt and 2.7-10.5{ clay. The range of available
moisture of different layers is given in Table 4. The amcunt of so0il moisture
retained was mosily availadle at suctions less thacn £.0 atm.

Table 4 301L MCISTURE CHARACTSRISTICS OF SOIL PROFILES
R OF ZUBAIR (IRAQ)

]

Soil Range of mocisturs i by weight Range of available
depth Soil moisture & by weight

cm Texture | 1/3 atm & atm 15 atm 1f3—5 atm 1f}-15 atm
ﬂ— 30 LIE' S-g-jﬂ;g E'T“3|5 2-3—2-9 612‘?!3 5-6-5-&
0= &0 L.8. to 3 E.D— &-3 2-3_2-4 1-5*1.9 3*?‘5-9 4-2‘614
60= 90 5 4.7= 6.7 1a9—=242 1e5=148 2u0=4.5 3.2-4.9
93-12G 3 4-2— 4'8 1-5“119 114’1!5 E-d-zlg EIE"3GE

The texture of non—eclay soil separates ranged from coarse silt 1o very
coarse sand, The buik density ranged from 1.4 to 1.64 g/cc and decreased with
dacre;;ing particle size. The particle density was almost constant and averaged
2;69 Lala g



Table 5 PERCERT MOISTURE 3Y WEIGET AT VARICUS 30IL HMOISTUKE SUWCTIONI IE CORES OF
DIFFZRENT HATUBAL SAWD SZPARATES (ZUBAIR, IHAQ)

Particle Size S0il meoisture suction = om water or atm

0 10 20 30 60 /3 atm 1 atm 3 atm 6 atm 15 atm

MM 5 dia
Percent moisture by weight

2,00 - 1.00 |26.53 G.12 4453 4.10 3.06 1.65 1.28 0.74 0.38 0.29

0.50 = D.25 29,22 24,80 21.24 .92 5.05 2.9 1499 1.48 1.24 0.68

0.25 = 0,105 |30.44 28.25 26.94 25.25 16.43 4495 3.34 2.20 1.75 1,22
0.105 — 0.053 [31.95 30.35 25.37 28.93 28.10 19.45 11,85 4.58 2.90 245
0.053 - 0,020 |34.75 33.75% 33.38 32.87 32,15 27.38 18.75 £.30 3.84 2458




Table 5 gives the moisture content expresged in percent by weight for each
gand geparate over the entire goil suction range that permitis plants to grow. The
data illustrate that the psrcentage of moisture was increased and the suction
required to drain the pores in the sand separates inoreaged with decreasing particle
diameter.

The data show that the amount of soil moisture retained at egual suctions
differs from one sand separate to another. The separate with a particle diameter
larger than 0.5 mm released most of iis water at a soil water suction range from
0-10 om, but the separate 1.0-0.,5 mm retained 4% of its available moisture at a
rangs of 10-20 cm =o0il water sustion. The separate 0.25-0.105 needed higher
suction to releass ite water (30-100 cm water suction).

In the separate with a particle diameter smaller than 0.70% mm no significant
amcunt of water was relsssed below 100 om soil water suction, and most of the
molsture was retained in the range betwsen 100 and 300 cm seil water suction.

The data in Table & show that the calculated available moisture between
1/3-6 atm and 1/3-15 atm are almost the same and to a lesser extent the data in
Table Ts These resulte suggesat that further studies be made on the upper limits
of avallable water in sandy scils.

Table & PERCENT AVATLABLE MOISTURE IN UNIFORM GSAND SIEPARATES
OF ZUBAIR WHEN COMPARED AT TWO RANGES OF BS0IL
WATER-SUCTTION

Particle Percent available moisture between
size - mm 1/3 — & atm 1/3 = 15 atm
2.0 - 1.0 1430 1.39
1.0 - Deh 122 1.32
D5 - De25 125 1.81
0.25 = G105 3.20 3«73
0,105 - 0.053 16455 1700
D.053 - 0.002 23.54 24.40

In the studied sand dunes a wide wvariation in the distribution of particle
gize was found. The soii from all the dunes is sandy except that of Amara 2,
Muggaishl and ¥Museayeb 1 and 2 which are formed of sandy clay loam, loamy sand
clay, loam and sandy loam respectively. Comparing the partiele ‘size distribution
in the Mussayeb dunes and the dredged sediments from the two irrigation canals in
the Mussayeb project revealed that more than 50% of the particles constituting the
dunes are similar. The dunes in Zubair and dJajaf compared to the dunes in other
localities showed a higher percentage (8.0 and 8.7 respectively) of coarse sand.
Except the dunes of Amara 2 and Musasayeb 1 and 2, the dunes in all other
localities are largely composed of very fine sand to medium sand (809 of the
particle size being 0.1-0,5 mm).



Table 7

S0IL MOISTURE CHARACTERISTICS OF SOILS FROM DUNES

AND MUSEAYEE CANAL SEDIMENTS 1IN IRAQ
¢ moisture by wt — atm Bulk | % available moisture by
Location density volume atm
1/3 atm 6 atm 15 atm | g/ec 1/3-6 atm  1/3-15 atm
Bai ji-1 Ts5 2.6 1.9 146 B.5 9.6
Bai ji-2 6.1 2,2 1.6 1.6 6.24 Te2
Mussayeb-1 1845 1240 9.5 1.3 B.45 11.7
lussayeb-2 15,0 8.8 6.0 1.27 T.87 10.4
Muggaishi 12.8 ded 3.6 1242 12.93 13,1
Nassiryah-1 Ted 2.2 1.5 1.63 8.3 9.5
Nasziryah-2 S5ed 1.6 1.0 1.69 6.4 T4
Anara-1 66 2.5 1.8 1,48 6407 Tl
Amara-2 1544 Sed 37 1.33 13.3 15.6
Najaf TaT 2.0 141 1.71 9.75 1.3
Zubair-1 Bed 1.6 10 1489 727 8,13
Zubair-2 13.4 6,7 542 1.30 B.T1 10.6
Mussayeb 12.5 3.6 2.3 1.44 12.8 14.7
Canal
Sedimenta 13.1 4.2 2.8 1.44 12,8 14.8




The maximum available moisturs by wvolume in the different dunes (Takle T)
varied from 7.2 in Baiji to 15.6 in Amara 2., As expected, the dunes composed of
pandy olay loam and olay loam with a high percent of clay exhibited a high water
holding capacity and higher available meisture compared to theose composed of sand.

The results of these gtudies explain the importance of soil texture in
determining soil moisture holding capacity, available moisture to plante and
irrigation requirements; for example, the early concept of field capacity excluded
from generalization those soils which are lmown to restrict downward flow of water,
The texture changes in the profile were usually disregerded in describing field
capacity; furthermore it was found that the flow of water will continue from the
surface layer downward beyond the defined field capacity. Alsc growing plants
play an important role in extracting the available water (Dwane and Loomis, 1957).
For this reason, the field capacity should be congidered as a seil moisture profile
and the growing plant function rather than a property of soil in the root zone or
the plough layer. Therefore, it appears that in sandy soils and non—clay sand
separates, the available moisture has differant ranges of pressure for which the
moisture is available for plant growth and should be considered in irrigation
practices., The available moisture of these seils when compared with the mean
annual rainfall of 150 mm in the region (during the winter season) indicates
moisture as the most important limiting factor, especially during the dry summer
menthe, for plant estaklishment and growth.

od SUMMARY AND CONCLUSIONS

So0il moisture charasteristics of graded silica sand, Zubair sandy soils
and sand dunes from different locations in Irag were studied,

The rasultis of these sptudies indicate that:

as although the moisture sustion required to drain s soll depends
on its particle eize, in stratified soils the gize of particle
in a coarse gtratum can govern the movement and retention of
water;

be in the sandy soils and the seils studied, most of the available
moisture is retained at suctions less than & atm and it seems
that this wv-lue is the maximum wvalue to use under favourable
Tield conditione for the sandy soils in estimating available
moisture,.

o. study of rainfall characteristics and the soil moigture regime
through the soil nrofile should always be thoroughly congidered
in sand dune reclamation.
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THE BSANDY SO0ILS OF THE EKINGDOM OF GSAUDI  ARARIA

by

P. Loizides
Pald Adviser, Central Agricultural Laboratories
and Water Use in the Hingsdom of Saudi Arabia

The ¥ingdom of Saudi Arabia is one of the hoettest and driest regions of the
garth. In the mountain znd ocoastal areas of the scuth—western part of the country
rainfall rises to 300-400 mm. This allows dry faming to be practissd. OCver the
greatest part of the country, however, awverage rainfall amounts to cnly 20-150 mm
and agriculture is only possible under irrigation.

In the inland regionz summer temperatures in the day-time regularly exceed
ADOG, while in winter freezing temperatures frequently ocour. Helative humidity in
the dey-time during summer drops to 10-20%., In the coastal rezions relative hunidity
ig muach higher and temperature differences betwesn summer and winter less pronounced.
Strong dry winds frequently blow especially in summer.

Irrigated agriculture has been practised for thousand of years from shallow
wells tapping the shallow unconfined agquifers of the alluvial deposits slaong the
numeroue wadi beds or from springs, =otably those of the el Hassa ocasis, the flow
of which amounts to 15 m3/sec. The shallow aguifers are rejularly replenished by
wadi floods and recharge usually ezxceeds extraction. Hecharge may be increased
by floocd control structures but the development potential of the small unconfined
aquifers is limited.

During the last few decades huge quantities of undergreound water have been
dizcovered. They are stored in confined aguifers of the Cretacecus fo Fleistooene
formations dipping off the anoient arystalline rocks of 4ne Arabian shield towards
the Arabian Gulf 500 km to the east. The water is fossil having ascunulated during
an earlier pluvial pericd and very little replenighment is now ftaking placo.
Properly managed it may perhaps allow in area of 100 000 ha tc be irrigated over
a period of 50-100 yemre in addition to the 100 000 ha or so now under irrigation.
If pumping ie done from depthe greater than 150-2C0 m and if desalinization of the
more brackish waters is practised much bigrer areas could probably be irrizated.

The main orops are date palms, ceresls, fodder crops suph as alfslla and
gorghum and vegetables. In ocertain areas deciducus frult trees, oltrus and vines
are also groW.

The gquality of water varies but in geoeral the salt gontent of the deep
confined waters is 800 to & OO0 ppm rizine towards the ccast of the Aravian Gulf,
The quality of water in the small wadi aguifers iz even more variable increasing
downetream as well as away Trom the wadi bed., Little information ig available about
the boron content of the irrigation waters.

Ho basic =oll survey has besn carried out in the Hingdom. Reconnaissance land
capability surveys based on the U,S5, Bureau of Heclamstion system provide incomplete
information on the moils of the Kingdom. Agricultural eoils belong to the loamy-
gand to sandy loam textural classes With the lighter scils predominating.

Infiltration rates are high amounting to 5-16 om per hour while the field capacity
determined in the field varies from 7% to over 15¢ by wvolume. The scils are always
calecareous and often contain gypsum. A horizon of lime accumulation is often present.



The main problem in the management of those soils is efficient irrigation.
Bvapotrangpiration during summer probably exceeds 10 mm per day. In order to avoid
high percentage depletion of available water in these soils of low fi=ld capacity
it is necessary to irrigate every 2-3 dsys. Taking into ascount the leaching
requirements in order to conitrol salinity, the depth of water per spplicetion
should not exceed 4-6 cm in the lighter soils and 6-8 in the heavier sciles. It is
extremely difficult teo ensure uniform distribution of such small depihs by surface
methods of irrigation, especially since land preparation is often unsatisfactory.
As a result, much water is wasted. Even in the small irrigation bagins often used
for irrigation, whioh in theory should result in high efficiencies, the farmer tends
to give muoh more water fhan is needed 1o meet svapotranspiration plus leaching
requiremnents,

Sprinkler and for row crops, trickle irrigation would presumably result in
mash highar eff'iciencies but such methods have not yet been tried in the Kingdom.

Gertain areas suffer from a high water—table. Thie problem is especially
acute in parts of the important agricultural region of Qassim, 400 km N.W. of Riyadh,
the el Hassa Casgie and the flat ceoestal region along the Arsabian Gulf near Damman.
Drainage is necessary for dealing with this problem. In el Hassa a drainage system
has been laid down as part of a big projeet which has algo provided for the
distribution of water by means of concrete channels. However, field draine have
not yet veen laid,

41 the Qatif Agriculturzl Hesearch Station near Dammam the drainage system is
working satisfactorily. In Qassim the drainage problem remains acute. An interesting
attempt at reclaiming a saline scil with a high water-table was made by a farmer in
this area. He applied a layer of sand 5-10 cm deep to his land and has since
sucoeeded in obtaining much higher yields of cereals snd alfalfa than before. It
would seem thal this success is dus 4o the fact that only a email part of the
depressicn is under ocrops 3o that under irrigation there iz a2 net movement of water
away from the irrigation fields, while the added sand provides more Tavourable
conditions for germination and growth than the original saline soil, If the entire
depressicn is to be reclaimed an efficient drainage gysiem is needed,

Oooaslonally, problems may arise due to impermeable calecareocus hardpans, This
ia perhaps trues of parts of el llassa. At the Qatif Agricultural Research Station a
hardpan consisliing malnly of zypsum originally caused trouble but after some years
of drainage and irrigation it has largely dissolved awsy and drainage is now, if
anything, excessive.

S0il salinity is easily controllied under irrigation in well drained soils of
light texiure btut the return Tlow to the shallow unconfined aguifer may cause
salinization cof fhe irrigation water unlese this iz compensated by sufficient under—
flow. This appsars to be happening in the large el Harj aquifer, 100 km S,E. of
Myadh whish 1= recharged by a number of wadis. As a result of overpumping the
water—table is falling and there is no longer any underflow away from the agquifer,
Tha water iz therefore being continuously concentrated Ly evaporation and its
salinity is rieing.

Certain soils, notably those of Qatif, contain gypsum to the extent of 309 or
more. Germination and growth of many vegetables iz very poor in such solls. It hag
been found that heavy apolications of poultry manure result in highly increased
yields. GSince this material contains no more than 10 of organic matter its effeot
is probably purely mechanical by preventing the formation of a thin gypsum crust by
evaporation between irrigations. Tixoellent yielda of many vegetables are obiained
at this station. The result should prove of interest to cther Middle Rast countries

where aimilar gypsum scils oocour.



Moving sand dunes cover huge areas, They often constitute a hazard by invading
agricultural lands. In el Hassa they have been successfully fixed by planting tamarisc
after spreading a thin layer of heavier soil over the sand dunes. Irrigation is given
for a few years, The success of this system is probably due to the proximity of a
watertable which is eventually tapped by the deep-rooted tamarisc, otherwise it would
not survive under a rainfall of 30-50 mm, More recent work in this area indicates that
it is not necessary to apply a layer of heavier soil before planting but protection

againet wind is necessary. Alongside highways asphalt is used for fixing moving =sand
dunes.

Certain hydrologists believe that considerable recharge of the aguifers takes
place in these sand dunes since during the occasional heavy rains a large part of
the rainfall percolates deep into the soil, escapes evaporation from the surface and
can only continue moving downwards. The FAO hydrologist, Mr. Turgut Tincer, measured
the tritium content of soil water at various depths and concluded that recharge in
the dunes along the Riyadh-Dammam road may be of the order of 20 mm per annum over an
area of 25 000 km2,

The fertility of the soils of Saudi Arabia is surprisingly high. Experiments
carried out by the FAQ experts, Messrs. Bolle-Jones and Boswinkle indicate, as
expected, a high response of most crops to nitrogen, but phosphorus fertilizers did
not always raise yields while in only one experiment did potassium fertilizers raise
the yield of late cuts of alfalfa. Fertilizer experiments are now in progress at the
Qatif Station but a comprehensive programme covering all important agricultural
regions and crops is indicated. In particular, experimente are needed on split
applications and on new forms of nitrogen fertilizers with a view to reducing the
considerable loss of nitrogen that takes place in sandy soils by leaching, The
design of the experiments and the level of dressings should be such as to allow
the economic optimum to be estimated.

During summer, nodulation of alfalfa is restricted or absent. It is not yet
known whether this is due to the absence of suitable strains of bacteria or to the

high soil temperatures. The problem is worth studying in view of the importance
of this crop.

Trace element deficiencies are present, in particular zinc deficiency in citrus
and probably other fruit trees. On the other hand, iron deficiency is of minor
importance, being observed only in sensitive plants such as lemon trees growing in
the presence of a high watertable. This is to be expected in view of the good
aeration of the roots and the fact that the calcium carbonate content of sandy
soils ocours mainly in the coarse fractions, It is a matter of experience that
iron deficiency is most common in soil:s of high water holding capacity and in which
& large proportion of the calcium carbonate is present in the silt and clay fractions.
In general, in spite of the light texture of the soils, minor element deficiencies
appear +to be of less importance in 3audi Arabia than in other countries of the
Middle East.

Both zinc and iron deficiencies are easy to correct; the first by zinc
sulphate sprays and the second by means of soil applications of sequestrene Fe 1318
chelate, Although this material is very expensive its use is probably justified
economically for fruit trees but not for field crops.

In conclusion, mention should be made of a serious disability militating
against efficient land and water use. This is the extreme parcellation of holdings
and small size of plots especially in areas of traditional agriculture. A radical
removal of this disability would be extremely difficult to achieve but perhaps some
form of cooperation between owners of neighbouring plots may be reached so as to
ensure a more efficient arrangement of plots for irrigation and a more efficient
lay-out of irrigation canals and field drains. This problem is widespread in the
Middle East and the experience of other countries in solving it may prove of value
under the conditions of the Kingdom of Saudi Arabia.
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VI. RECOMMENDATION

Bxchange of Information

The Seminar, recognising that sandy eoills are extensive in the Near East and
Horth Africa, feels that seil survey and estimation of the total area and its
cultivable portions, based on the available information in each country, will help
in evaluating the importance of these soils on factual bases and recommends that
compilation of basic scil maps and available information on the effective use of
theese seils be carried out under the auspices of FAD and be disseminated among the
countries of the region,

Charasterization and Classificaticn

The Seminear realiszing that, although the soil textural class names of the
sandy soile are "sands" and "loamy sands", soils of the "sandy loam” class might
suffer from gimilar preblems, therefore recommendsz that:

8. "sandy loams" be conzidered for practical purposes as sandy soils;

ke in the classification of these =zoilsg, the mineralogical constituents,
2«Zs Calclun carbonate, gypsum, guartz, clays, etc. be taken into
congideration; also that characterietics of hard pans be stated;

2. & sound land and waler utilization programme of these soils be formulated
on the basis of a sequence of land and water rescurces evaluation surveys
(taking into account the environmental conditions) carried cut on a
suitable ecale,

Fanels of Experts

The Seminar feels that it is time to organize panels of experts under the
augpices of FAC to study in an integrated manner, to set guidelines and to establish
priorities on the different aspecte, methods and practices of utilization of ealt-
affected, calcareous and sandy solls, as well ag the efficient utilization of water
under irrigated and rainfed apgriculture,

Treining and Extension

The Seminar realisings that raining and extension services in soil and water
management and agronomic practices are critical issues in most of the region,
recommnends intensifying these aspects among extension workers ss well as farmers,

Poliution

Since sandy soils are pervious and usually receive excess amounts of water,
the Seminar recommends that a study be directed toward factors invelved in, and
practices to avoid, pollution of the groundwater due to heavy fertilization, use
of sewage water, application of asphalt and chemical sealants and graging animals
on these soila,



Suzgested Hesearch Programmes

The Seminar recognizing the progress achieved in the techniques of sandy seoil
utilization, especially in the fields of (a) Scil and Water Conservation and
Management, (b) Fertility, and (¢) Irrigation and Drainage, recommends that a
regional programms of research be carried out. A part of this programme might be
directed toward a better undersianding of the theorsetical bases of the problems,
and the other part should be applied research.

A S0il and Water Coenservation and Mangsement

ie

ii,

iii.

ive

Sand dune stabilization

ingwing that sand dune encroachment is & continuous threat to adjacent
agricultural lands, recognizing the beneficial effects of stabilization
and afforestation of sand dunes and being aware of tha recent develop-
ments in the use of petroleum, synthetic rubber and chemicals for
stabilization of mands, the ZSeminar would like +to recommend that,
before inveating heavily in the application of these materials as
gurface sealants, they should be tested under conditions for effectiveness,
durability and economy in comparison to traditional methods, using dry
vegetation or other teshniques. More research should be carried out eon
the collection and selection of plant varieties moet adapted to local
eonditions, especially forest speoies, Similarly, studiea on the
hydrological effects of afforestation should be considered.

Brosion Control

Hoting that sandy soils are susceptible to erosion and therefore
erosion control measures net only save them from being degraded but
also prevent them from heing a menace to adjacent productive lands,

it is recommended that the application of the best euited agronomical
management practices be stressed, In this regard, the minimum tillage
practice is worth evaluation.

Mulshing

The Seminar, recognising that studies on mulching techniques, such as
tillage, gravel placement, application of crop residues and plastic or
cellophane covers, are lacking in the region, recommends the carrying
cut of studies on:

- depth and time of tillage;’

- effectiveness of different crop residues, and
other materials used in mulohing;

- methods of application.

Placement of barriers within the goil

The Seminar, being aware of ihe recent technigues of barrier placement
in the soil and noting the limited application of these technigques in
the region, regommends the initiation of studies and experimente in
pilot areas on barriers of asphalt, organic manure and other materials
with special emphasis on:
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- susceptibility of berriered soils to salinity, especially when
brackish water is used for irrigation;

- comparisen of this technique as & conservation measurs for water
and nutrients with that of irrigation by sprinkler and drip methodsg;

- economic evaluation, based on cosi of material =+d placement of the
barrier and crop yields.

Fartility Studies

The Seminar beinz aware of the [eriility problem of sandy soils and
rogognising the impact that recent fertilization techniquees could hawve
on the development and utilization of these resources, recommends shat
research be directed toward:

i. movement, reactions and fransformation of different Tertilizer forus

(including inorganic fartilizers) in the soil;

ii. techniques and forms of fertilizer application;
iii. developing a suitable system for socil fertilizy evaluation;
ive interaction beiwean fertilization and irrigation.

Irrigation and Drainage

is Water quality

Realizing that good quality waler is getting scarcer and scarcer in the
region, and low guallty water is widely found, the Seminar recomumends
that more rescarch be carried out on the use of saline, sewage ani
desalinated water which will ultimately lead to the esztablishmeni of
criteria for sale, efficient and economio usa of such waters on sandy
goils. Particular attention should be gziven to carrying out experiments
on the critical level of salts and their composition in irrigation water
by different irrigation methods on different crops under specified
olimatic conditionsz using a wide range of application rates.

ii, Irrigation efficiences

Congidering the role of irrigation efficiency in econemizing in the uae
of scarce water resources and noting the nigh efficiency of newly
developed techniques, the Jeminar recommends carrying out:

a. trials on the metheds of improving application efficiency of
different irrigation methods taking into cowsideration the leoaching
requirements, land levelliny a d drainage sspects;

b. trials for the improvement of the conveyance efficiency of the
irrigation system;
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iii. Integrated experiments

The Seminar recommends carrying out practical experiments at the field
level on the relation between crop production and soil moisture regime
ag induced ©y irrigation and drainage under opiimum conditions of crop
varieties, fertilization, optimum salinity conditione and good farming
operations,

ive Drainage teating

The Seminar recommends the inslusicn of sandy sclls in studies on
optimum combination of drainage material in relation to soil types
and methods of installation of drain pipes.

T Lining of canals

The Seminar recommends the undertaking of practical studies on the
application of low-coat local material for canal lining.

i Contrel of algae and microflora in the irrigation system

The Seminar recommends scarrying out studies to develop safe chemical
methods of controlling algae and microflora in the different irrigation
syatems in order {0 avoid dangerous contamination of irrigation water
and water losses.

Utilization of Sandy Soils under Dryfarming Conditions

The Seminar realieing that large areas of sandy soils in the region depend on
rainfall, recommends that a programme of studies be directed ftoward the following
points:

=1 methods of water and scil conservation;
bie fertilizetion practices;
Ca breeding plant varieties mogt adapted te such conditions,

ezpecially drought-resistant varieties,

Regicnal Applied Research Programme for Land and Water Use on Sandy Soils

The Seminar'rucugpizing the vital importance of this regicnal programme for
promoting improved land and water use on sandy soils in the countries of the region
and noting that a decision has not been taken so far in support of this regional

programme by the UNDP, the Seminar urges that immediate aotion be taken by the
UNDF to expedite the early implementation of the regional programme's objectives.

It ie further requested that coordination should be made between the applied
research programme and other regional centres dealing with applied s0il and water
research.
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APPENDIX

ARAB CENTRE FOR THE STUDIES OF ARID ZONES AND DRY LANDS (ACSAD)

Damascus, Syria

Activities of the Soil-Water Division

by

mal 5. Dougrameji
Soil-Water Division
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o, atudy of salt and water balante;
b economical feamibility of moll reclamation.

Reclamation of sandy soils and sand dunes by means of biclogical, mechanical
and chemical methods in selected pilot areas.

Studies on fertilizer requirements of the farm crops and fruit trees.
Studies on the problems of gypeic and caleic soils and their management.

Studies on water requirements of the important farm crope in selected
climatological regions.

Studies on the use of saline water in soill reclamation and irrigation.
Studies on methods of soil and water anzlysis.

Soil and water conservation in dry farmming regions.

The accomplishment of these objectives will be carried on through:

ie research studies in relation to the development of agriculture
in the arid zones of the Arab countries;

ii. cooperation with looal regionel and international scientific
organizations concermed;

iii, 4raining technicians and aspecialists in methods of survey,
conservation and utilization of natural resources in arid zones;

iv, publication of important findings as well as documentation of
soientific information.

PRESENT PROGRAMME 1972 - 1974

The present programme of ACSAD includes:

Reolamation and management of salt affected soile in the Euphrates basin
at Der El Zor pilot project to:

Ba find the best drain spacing;
be find the best drain depth;
Cs study leaching methods and requirements; '

de geleot the best orop rotations for reclaimed socils.



2

L

de

5e

Study of the water requirements of cotton and wheat in the Euphrates basin
at Der El1 Zor pilot project using lysimeters and field plots.

Study of the relationships between water use efficienoy and fertilisation
of wheat and cotton st Der El Zor pilot project.

Studies of the response of some fruit trees o different levels of
fertilizers.

Studies on soil conservation in high rainfall areas through cultural
practices in the Lattakia region.



