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INTRODUCTION
In 1950, the Food and Agriculture Organization of the United Nations was requested by the
Government of Syria to provide the services of "a soil scientist with experience in arid and semiarid regions with a view to organizing a service for the classification and rational utilization of soils"
under the Technical Assistance Program. In accordance with this request, the writer, a soil
scientist from the Netherlands, was appointed in October 1951 and, after briefing at FAO Headquarters
in Rome, arrived at his duty station, Damascus, on 4 November 1951.
Discussions with the Secretary-General of Agriculture and other officials of the Ministry of
Agriculture on how to apply the terms of reference to the assignment soon made it clear that the
problem of soil research and rational utilization of soils in Syria was much more complex than had
been anticipated. In 1951 there were no graduates in soils and almost nothing was known about the
Syrian soils. Thus, to bring the assignment to a satisfactory conclusion, it was found necessary to
establish both a training program and a research program. For the application of soil information
it was necessary to be able to give advice on a variety of soil and land use problems to the interested
Government Departments.
The expert worked for 7 years in the Ministry of Agriculture, mainly on soil surveys, training
of surveyors, utilization of State Domain lands and general soil and land use studies.
Meanwhile, the Government of Syria had launched an accelerated program of irrigation projects
to be executed by a special organization called the Administration of Major Projects. To this
organization the expert was attached for three years as from November 1958, though his services
remained available to the Ministry of Agriculture. During this period the irrigation projects of
Ghab-Acharne, Senn, Upper Orontes, Mzerib-Zeizoun, Khatounie and parts of the Khabour and
Euphrates were surveyed.
From the Administration of Major Projects emerged, in November 1961, an independent
organization known as the Euphrates Project Authority. Under the new Authority, the expert
continued both to investigate soils and land use problems related to this Project and to advise the
Director General on its planning. This period can be sud-divided into three parts as far as United
Nations programming is concerned.
November 1961 - June 1963 under EPTA according to the original terms of reference;
July 1963 - December 1963 under Funds-in-Trust as agricultural adviser to the Director
General of the Euphrates Project Authority;
January 1964 - 30 September 1964 again under EPTA as soil scientist (soil chemistry).
The present report is a summary of the expert's efforts during this assignment, which was for
EPTA unusually complex and long-term.
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- 3 SUMMARY OF THE ASSIGNMENT
A. SOILS WORK IN THE MINISTRY OF AGRICULTURE
From the beginning, two tasks in the field of soils seemed to have a prime importance: (a) to
determine the level of soil fertility and its governing factors; and (b) to determine the Great Soil
Groups in Syria and to describe their general land use pattern.
For the first task it was decided to have a number of fertilizer field trials on cotton in areas
where no chemical fertilizers were then in use. Five tons of fertilizer (phosphate and nitrogen) were
obtained from the fertilizer industry, distributed to progressive and interested farmers and applied
according to practices common in Egypt. The results were disappointing. There appeared to be no
relationship at all between the chemical composition of the soil as determined in the laboratory and
the response to fertilizers. Soil structure, moisture availability, general farm management, in
addition to socio-economic factors, interfered in such a predominant way that it was quickly realized
that this problem was far too complex to be solved only by a major research program. We still know
far too little about the application of chemical fertilizers in the sub-tropics to be able to give
tangible advice. Before the demonstrations can start, a large amount of basic research will be needed.
This task was, therefore, abandoned. It remained entirely abandoned for a number of years, until
the Directorate of Soils returned to it in collaboration with a FFHC program.
A soil map at a scale
following an overall survey
improved in three editions,
for the publication of which

of 1:100,000 showing the Great Soil Groups of Syria was prepared in 1953
of the country which occupied one full year. This map, subsequently
has been superseded by the soil map at a scale of 1:500,000, arrangements
are now being made separately by the Syrian Government. "

After the completion of the Great Soil Group survey, general surveys for training purposes
were made of the Damascus Basin and the Hauran, the wheat plains south of Damascus.
Even before completion of the Great Soil Groups survey, the need had been felt for more
detailed field work. Decree No. 768, issued on 3 November 1952, called for the creation of villages
of farmers on non-cultivated State Lands in the province of Hassikki. It became necessary to have
a land classification as well as a land use survey of all the areas involved. The survey required a
high degree of precision and was quite impossible without adequate air survey. This was done in
1953 on a scale 1: 20,000 and controlled mosaics on the same scale were made. The land
classification was to be very simple; of the cultivable land, three land classes - wheat land, barley
land and marginal land - were indicated, together with the irrigations, forests and pastures. The
studies continued for three years and covered 2. 2 million hectares. Their general results are
summarized in a report entitled "Soil, Land Use and Land Settlement in the Jezireh". On the spot
the land use maps were used by the legal department in Hassikki, which accepted the boundaries as
legal proof in disputes on ownership. The land classification maps were used by the Department of
Land Surveys for the settlement and delimination of villages.
Meanwhile a soils section was formed in the Ministry of Agriculture. Although most of the
training was done in the field, a total of 10 fellowships were given in the course of the years One
fellow obtained a full training in photogrammetry, and another a master's degree in soil chemistry.
After several reorganizations in the Ministry of Agriculture, this section was developed and became
the Directorate of Soils and Chemical Laboratories. Though still seriously under-staffed, this
Directorate is well-equipped with material for photointerpretation and cartography.
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The soil map 1: 200,000 (reduced for publication to a scale 1: 500,000) was made chiefly in the
Directorate of Soils.
Reports in the Ministry of Agriculture
The Great Soil Groups of Syria; (published in Arabic).
Soil Associations of the Damascus Basin and Surroundings;
Clay Minerals in Syrian Soils;
Explanatory Notes to the Soils and Crops Suitability Maps 1: 200, 000 of Hauran;
Soil, Land Use and Land Settlement of the Jezireh.
There are also a number of smaller notes on different subjects in the fields of land use, water
requirements, soil fertility, etc.
B. SOILS WORK IN THE ADMINISTRATION OF MAJOR PROJECTS
One of the chief of the Administration of Major Projects, when established, was the study and
execution of all the main irrigation projects in Syria. An Agriculture Department was foreshadowed
in its organizational chart. It was for the training and assistance of this Agriculture Department that
the expert's services were requested and obtained as from November 1958, on the understanding that
his services would remain available, when required, for the Ministry of Agriculture. All existing
irrigation projects of the Administration were surveyed in the three year period, except for the
Rouj, which was surveyed on contract, the Ghab and the Acharneh, for which - since the original
survey was done on contract - only a check-up was made of the drained swamp soils (salinity and
irrigability), and the Damascus Basin, which was also done on contract. The Administration of Major
Projects started, but did not complete, the Euphrates-Khabour surveys.
It was first necessary to establish standards of irrigability, which proved not to be easy under
Syrian conditions. Though the standards of the Bureau of Reclamation were taken as a basis, there
were many soils to which they could not be applied. Outstanding exceptions were organic peat and
lacustrine deposits of the Ghab and Rouj and the gypsiferous soils of the Euphrates-Khabour area.
Modifications had also to be made for such often limiting factors as soil depth on old alluvials and
dolomitic limestones and the crusts and topography of small-scale agriculture. A large local experience
is needed for working out the standards for a final judgment on irrigability, but in many other ways
the Syrian soils within the irrigation perimeters present few problems. There are no extremes of low
moisture holding capacities or very low permeabilities. Nowhere has there been hitherto a salinity
problem; for all irrigations are in winter rainfall zones, and soils are derived from weakly
mineralized parent materials.
The work on the projects can be summarized as follows: 1) Ghab-Acharne
Few new projects have received more attention than the Ghab-Acharne during the course of the
past 10 years. Although, as a whole, it has not yet been completed, the project is seen from many
angles, including the economic, to be a great success.
The basic survey work has been done on contract as part of the civil engineering studies. The
expert's task, therefore, was limited to re-evaluating the lacustrine deposits, from which samples
had been taken when still under water, but which had an altogether peculiar aspect as soon as they fell
dry.

- 5 -

In the original survey report, the swamp soils were considered to be limited arable to nonarable on account of their very high lime-magnesium content and their very soft consistency. After
drainage these soils turned out to be very good, particularly because of their very deep root-penetration
and underground water movement.
The original plans called for deep cultivation of the organic soils in order to mix and preserve
the organic matter. The expert, however, advised against such a complicated and costly operation,
because the organic matter would disappear anyway.
Immediately after drainage there arose the unexpected problem of salinity. Many lands showed
salt efflorescence in patches. The expert advised against special measures to be taken for
desalinization because of the high permeability rates (up to 20 m. per day) of the organic soils and the
heavy winter rainfall (800 mm). The salt patches disappeared within one or two y e a r s . The origin
of the salts was also studied. They proved to be largely magnesium sulphates and were linked to the
vicinity of terminal Pleistocene river channels, v/hich crossed the swamps during a period of
pronounced drought, when the valleys dried up and the deposits mineralized. There now remains only
some saline patches in the southern Ghab and in the central Acharne on clay soils of low permeability.
These areas, amounting to not more than several hundred hectares, certainly need extra drainage.
The drainage system called for in the original design should be executed as quickly as possible.
There are, however, some problems in the Ghab. One is wind erosion. The light organic soils
and diatomaceous lake deposits blow easily in summer, especially on roads and tracks where traffic
pulverizes the dry surface. Road stabilization is an important problem not yet solved. Within a
number of years the roads will be hollowed, if no special measures are taken. Wind erosion of the
fields must be combatted by a maximum of ground cover in summer, avoiding as much as possible
the ploughing of summer fallow.
There has also been the problem of peat fires at the end of every summer. The fires are due to
careless throwing of burning cigarettes, matches^ etc. Treatment will be the same as that against
wind erosion. This means that the soil should be kept wet and covered as much as possible. This,
of course, calls for intensive cultivation. Too high a water duty, however, would lead to great losses
through seepage for a large number of y e a r s .
The expert advises against artificial regulation of the water table in main and secondary drains,
because of the latent danger of salinization and also because of its costly and very complicated
management.
2) Mzerib
This was a small survey of 6,000 ha. which presented no problems from the soil point of view.
All lands are irrigable with the exception of some stony a r e a s . Soils a r e fine textured, deep, with
sufficient permeability and good topography. This type of land is particularly suited for cottoncereals agriculture.
3) Senn
This is a coastal plain of great potentialities south of Lattaquie. Soils are red and black
decalcified clays and loamy clays. Unfortunately, large a r e a s are underlain by sandstone at shallow
depth, while other areas consist of calcareous gravelly outwash from the nearby hills. Both are
unsuited for citrus plantations. Out of the total of 14, 000 h a . , however, an area of 3-4,000 is well
suited for citrus.
Particular attention should be paid to drainage of flood waters which come from outside the
region of the project.
While working in the Cbastal Plains, a photo-analysis was made of recent gully erosion in the
adjacent hills. It was found that, on certain land forms and in populated a r e a s , the Mediterranean type
of forests give less protection to erosion than does cultivation.
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4) Nahr al Kebir of Lattaquie
This is a young alluvial plain of the Nahr al Kebir with deep, fine-sandy soils with illitic clays
(an exception in Syria). Soils are very calcareous and have a very unstable, large structure under
irrigation. In spite of this, they would be suitable for citrus under certain special conditions of
management.
5) Upper Orontes
This area of 30,000 ha. was found to be only partly irrigable on account of the shallowness of
the soils, although the topography is excellent. Soils are partly decalcified with conglomerates and
calcareous crusts at very shallow depth in many places.
ô) Khatounve
In this project the soils were found to be non-irrigable on account of their saline, gypsiferous
nature, their partly unfavourable topography and high groundwater table.
7) Euphrates-Khabour
This was the most complicated and largest task to survey. Much was done by the Administration
of Major Projects and continued by the Euphrates Project Authority after its organization in November
1931. The problems are so intricate and complex that, even now, a final decision definitely
delimiting the project cannot in all cases be made. This is chiefly because many of the soils are
unusual and often contain large quantities of gypsum.
In addition to training in the field, four fellowships were awarded to engineers of the Agriculture
Department of the Administration of Major Projects to specialize in the interpretation of aerial
photographs.
Reports in the Administration of Maior Projects
Ain al Naour, Soil Problems Concerning Irrigation and Drainage;
I/Izerib-Zeizoun-Tell Chehab, Soil Survey and Appraisal of Irrigability;
The Coastal Plains, Soil Survey and Appraisal of Irrigability, in particular of the
Sen Project;
Nahr al Kebir of Lattaquie, Soil Survey and Appraisal of Irrigability;
Khabour, Irrigated Soils;
Upper Orontes Valley, Soil Survey and Appraisal of Irrigability;
Khatounye, Soil Survey and Appraisal of Irrigability;
Survey of Gulley Erosion in the Coastal Hills, Jabel Akrad and Harim Regions.
C. WORK IN THE EUPHRATES PROJECT AUTHORITY
When the Euphrates Project Authority was formed in 1961, the entire Department of
Agriculture was transferred to it from the Administration of Major Projects; for the agricultural
studies of the irrigations which remained under Major Projects had been completed as far as was
necessary for the planning stage.
The expert continued to work with the Agriculture Department. At the same time, he became
the adviser to the Director-General of the Euphrates Project Authority on agricultural matters
concerning the project. As the Agriculture Department was not equipped to undertake all the necessary
studies of this magnitude, several studies were given out on contract. It was decided that the
agricultural studies should be made separately by special groups of specialists instead of incorporating
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them in the civil engineering studies, as had usually been done in the past. The Agriculture
Department continued with soil studies of a general and detailed nature of areas within the perimeter,
including the lands to be flooded by the reservoir lake.
The expert has also advised on the following contracts: Investigations on irrigation, drainage and reclamation, including studies on irrigability, water
requirements, drainage requirements, estimates on reclamation costs in the different land forms and
calculations on the maximum lift economically permissible for a pumped water supply.
Construction and running of a test farm on highly gypsiferous soils. As the irrigability of many
gypsiferous soils cannot be predicted with the standard methods in use, it is necessary to have a
reliable test. The contract assumes the construction of a tertiary irrigation unit of 100 ha., to be
exploited for three consecutive years, for obtaining data on reclamation costs, methods of amelioration
and returns.
Socio-economic studies for obtaining information on farmers and farm types, infrastructure,
on-farm investments, credit and marketing policies, for assessing the position of the project in the
macro-economic structure of the country, and for determining the schedule of execution, labor
required and possible yearly investments.
Studies for a project report on the irrigation and drainage network, including the final designs of
a project for a total of 200, 000 ha.
Additional air surveys, topographic and cartographic work to be done in the Lower and Upper
Euphrates.
Studies concerning a scheme of water utilization for the Upper Khabour and the irrigation and
drainage projects for pumping stations for a total of 17,000 ha.
D. RESEARCH
During the survey the expert was confronted with a number of scientific problems, while the staff
of the Directorate of Soils in the Ministry of Agriculture, and later the Agriculture Department in the
Euphrates Project Authority, were responsible for the more standardized part of the work. This
research program was not developed for the pleasure of delving into the fathomless depths of pure
science. It often led, however, to tangible results and almost always to a better understanding of soil
and land use problems.
The study of land use leads inevitably to the history of land use in Arabic, classical, pre-classical
and prehistoric times, and thus to the beginnings of agriculture. It includes problems of erosion and
climatic fluctuations. This, together with problems of soil formation and stratigraphy, leads to the
study of Quaternary geology.
The execution of the irrigation and drainage projects and other public works, of which the Ghab
•vas the first, opens vast perspectives for detailed studies in almost every field that has been
mentioned above, on taluds of irrigation canals and drains, in gravel and clay pits, etc. Otherwise,
when the works have been completed, the materials are lost forever.
The expert's efforts led to the organization of a Department of Pre-History in the Directorate
of Antiquities and Museums in Syria. Adequate funds and specialists are now available for this type
of research.
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E. PUBLICATIONS ON QUATERNARY AND THE HISTORY OF LAND USE
1.

(WithJ. Lauffray)
Nouvelle prospection archéologique dans la Haute Jezireh Syrienne.
Ann. archéol. de Syrie, T IV-V, 1954-1955, pp. 129-148.

2.

Urkis centre religieux hurrite, retrouvé dans la Haute Jezireh Syrienne.
Ann. archéol. de Syrie, T Vu, 1957, pp. 91-94.

3.

Ager centuriatus of the Roman Colonia of Emesa (Homs).
Ann. archéol. de Syrie, T VHI) IX, 1958 - 1959, p. 55-58.

4.

Observations of the Quaternary of Syria. Amersfoort/Damascus, 1980.

5.

Un gisement paléotithique dans un niveau pleistocene de l'Oronte à Latamne (Syrie).
Ann. archéol. de Syrie, T X, 1960, pp. 165-174.

6.

Notice géographique sur le site de la ville de Kahat - Tell Barri.
Ann. archéol. de Syrie, T XI, 1961, pp. 163-164.

7.

(with D.A. Hooijer)
A Paleo-Orontes Level with Archidiskodon meridionalis (Nesti) at Hama.
Ann. archéol. de Syrie, T XI, 1961, pp. 1965-1972.

3.

Capitals and Citadels of Bronze-Iron Age Syria in their Relationship to Land and Water,
(in press)

9.

(7/ith H. de Contenson)
Neolithic Variability and Cultural Drift.
(in press)

10.

The Quaternary of the Orontes Basin,
(in press)

- 9 STATEMENT ON "ThE SOILS OF SYRIA, THEIR UTILIZATION AND POTENTIALITIES "
A. DIFFICULTIES OF CLASSIFICATION
More than twelve years have elapsed since "The Great Soil Groups of Syria" (in Arabic)
appeared. A number of special soil studies have since been made for a variety of purposes, but
mainly for the planning of irrigation projects. The knowledge on the soils of Syria has increased. In
spite of efforts, however, the problem of correlation and nomenclature has never been solved.
The soils of Syria are not easy to fit into the set of terms developed in the U. S. S. R., U. S. A.,
or Australia. This may be due less to differences of soil-forming factors (such as present climate
and vegetation compared with other dry areas) than to a different parent material and pedo-genetic
history.
'The following soil characteristics,aniong others, could be listed as causes of the difficulties in
classification:
Low Humus content with very little variation, even on the best soils in the high rainfall zone and
under natural vegetation. Moormann has remarked that, in the best soils of Jordan, the A., is very
weak and almost absent. Humus of the upper horizon seldom exceeds 1 or 2 percent. This is also
true in Syria and N. Iraq.
High to excessive carbonates, both of calcium and of magnesium. Soils without free carbonates
are very rare. Even in the higher rainfall zone, most soils have 5-25 percent of free carbonates.
This is surprising and cannot be explained by normal processes of soil formation. (No reference is
made here to eroded or shallow soils or to the fossil or semi-fossil crusts and conglomerations of
carbonates, in which the "Mediterranean-Savanna" is so rich. It is believed that most of the free
carbonates of the deep soils on the level plains in the high rainfall zone are secondary aeolian
deposits from calcareous dust. The pH of all of these soils is very monotonous and fluctuates around
3. In the drier zone, the carbonate content is so high that it affects soil colour, which becomes
typically yellow-orange-brown instead of red or red-brown.
ivlontomorillonoid clav minerals, which dominate in all soil types derived from the fine
sedimentary limestone and marls and from basalts, which are practically the only parent materials
in the area. The swelling and shrinking properties of the montmorillonitic clay minerals affect soil
structure a great deal. These soils crack and churn to a considerable depth. In winter, through the
process of continuous wetting and drying, they obtain a loose top layer, a kind of self-mulching
structure, especially those with the lower content of free carbonates. Towards the lower rainfall zone
these properties disappear and give place to puddling and a ready formation of surface crusts. Due
to the Montmorillonitic character of the clay, the absorption complex is high and varies between 30
and 30 m.aeq/100 gr. A peculiarity is the frequent occurrence of a high percentageof absorbed
magnesium, which is often higher than the calcium, especially towards the drier zone, where
attapulgite appears as an important clay mineral.
All these characteristics added together - very weak A 1 , carbonates, heavy quality and special
structure - make the soils of Syria less suitable to be classified under the common units of the colder
Steppes or Prairies.
There are, however, other peculiarities of the region. They are largely related to its climatic
history and accentuate its special position. The abundance of lime in soils of the higher rainfall zone
has already been mentioned. The widespread abundance of gypsum in soils of alluvial terraces of the
Euphrates and in soils on limestone east of Aleppo is, in all probability, another aerolian formation
and must be counted as a special feature of the region. Large areas in N. Syria and N. Iraq are
covered with gypsiferous crusts, much of which is of a secondary nature. Real loess deposits of any
importance, however, do not exist in the Syrian desert and adjacent wetter areas (Van Liere, 19601961).
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B. MOVEMENTS OF SOIL
Lateral terrestrial movement of soil is another very important soil-forming factor. These
movements are still continuing, especially in desert areas and in the high rainfall zone of the
Mediterranean, but during the Pleistocene age they were many times as great as during the Holocene
age and recent times. The basins and valleys filled with thick deposits of soil; in fact, all the deep
red soils in the basins of inland Syria are considered to be paleoformations. For the Orontes basin
they have been dated with fauna in position and found to be of Middle Pleistocene age, or in terms of
the classical Alpine terminology, predominantly contemporaneous with the Great Interglacial or
Hoxnian age (Van Liere, 1960, Hooijer, 1962). For the northeast, these red-brown deep soils may
have been slightly later deposits, probably in part during the first half of the Young Pleistocene age.
Soils weathered during the Holocene age do not have the dark purple red and brown colour. They are
much more calcareous and, therefore, of a lighter colour.
Three main zones, marked by differing climate, vegetation and soil, can be recognized:
1. Mediterranean Forest Zone;
2. Mediterranean Savanna Zone;
3. Desert Zone.
A reconstruction of the history of climate, vegetation and soil formation in the three zones has
been attempted elsewhere 1/ and need not be repeated.
Here follows a summary of the utilization and potentialities of land in the three zones:
C. MEDITERRANEAN FOREST ZONE
1. The Mediterranean zone equals approximately the Mohafaza of Lattaquieh. Five thousand
square kilometers in size, it is the only region of Syria with a Mediterranean climate and a relatively
dense population. The average population density is 112/km 2, but in the southern Cazas it reaches
162/km 2. (Safita)
2. A massif mountain range parallel to the coast causes variation in elevation from sea level
to 1, 500 m. There is thus a pronounced climatic zonality. Winter rainfall is high everywhere ; it
varies from 600 - 1, 200 mm.
3. With its climate, population and inherent fertility of the soil, the Syrian coast has high
potentialities. At the present time, the total agricultural produce can be estimated at more than
30 million Syrian Pounds per year from 200,00 ha. of cultivated land (the remaining 250,000 ha. are
non-cultivated pastures, forests and rough broken lands). In their order of importance, the principal
crops are: Tobacco, Lentils, Cotton, Olives, Tomatoes, Barley, Millet, Grapes and Oranges.
4. The natural conditions call for a diversification in land use with forestry in the higher reaches,
deciduous fruit plantations in the middle zone, olives in the lower foothills and citrus in the low coastal
plains. The southern plains on rocky basalt land are especially suited for improved grazing.
5. i. Improved land use, including erosion control
The percentage of subsistence crops grown is very high. Tobacco is the principal cash
crop in the hills, but there seems to be little scope for an important increase in the area
1 / Observations on the Quaternary of Syria (Damascus 1960-1961).
The Quaternary and Stone Age of the Orontes Basin (in press).
:
Hoïbcëne Environment and Early Settlement (in press).

- 11 or for any change in the varieties of this product (7,000 ha. ). Cotton is grown in the
low coastal plains, but the coast is not especially suitable for this cash crop (13,000 ha.).
This leaves fruits and vegetables. New citrus orchards are now planted at a rate of
100-200 ha. per year. This is still greatly below the needs for local consumption
(present imports 40, 000 tons/year, increasing 5 percent per year; present production
2,000 tons/year from 800 ha.). Contrary to Lebanon, the plantation of deciduous fruits
is only beginning (present imports 60, 000 tons).
Erosion is severe, for the country is steep and winter rainfall high. Serious damage is
caused by floods in the lower plains.
ii. Increase of summer irrigation and control of winter floods from mountain
torrents
A project is under execution for the irrigation of 14,000 ha. of land from the spring
waters at Nahr al Senn. All the winter flood water from the wadis flows wasted to the
sea, but important possibilities exist for irrigating some of the funnel-shaped valley
bottoms and high grounds with run-off water or with underground water.
iii. Cattle breeding
Animal husbandry needs particular attention. The coast is an area where animals (dairy
cows, goats, sheep) have always been integrated in the farming system. Here there are
very important possibilities.
iv. Reforestation and improved forest management
The coast is the only wood-producing area in Syria (apart from irrigated poplars). Here,
too, are great potentialities.
6. At a conservative estimate, the potentialities are:
15, 000
2, 000
5, 000
5, 000

ha.
ha.
ha.
ha.

citrus in the low plains;
olives;
deciduous fruits;
summer irrigation (from stored winter flood water, including
Nahr al Kebir of Lattaquieh).

Potentialities for growing grapes, vegetables, etc., are very great, but they cannot be
expressed in areas. This is also true of animal husbandry, silkworm culture, beekeeping, etc.
7. The benefits of these improvements should go to the small farmer. The coast is the area
with small, often fragmented farms. Over 50 percent of the existing orange groves are smaller than
1 ha. So also are the olive orchards.
. 3. As a first step towards planning the development of the coast, much more basic information
v/ill be necessary. There is thus a need to survey:
i.
ii.
iii.
iv.
v.

Run-off, flow of mountain streams, springs and underground water,
The road system,
Erosion.
The forests (inventory and delimitation as far as not yet completed),
Soil and land use.
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The Mediterranean Savanna zone is actually two sub-zones:
1. The Mediterranean Savanna
The Mediterranean Savanna zone is equivalent to the "Wheat Belt". Its size is thirty thousand
square kilometers, and it consists of plains and plateaus at elevations between 300 and 500 m. (Hauran,
Horns, Hama, Aleppo, North Jezireh).
i) The climate is more continental with occurrence of some frost and snow in winter, and
very hot, dry summers. Winter rainfall varies between 300 and 600 mm.
ii) The cropping system in the Wheat Belt is simple: usually a three year rotation, with
cereals (wheat and barley); spring crops (chick peas and lentils) and fallow. Water
melons are sometimes grown in the fallow year. There are also areas where grapes
and figs are grown.
The irrigations in the Wheat Belt are supplemented with a rainfall winter crop and
varying percentage of the land under an irrigated summer crop. Except near towns and
in old irrigations, this crop is always cotton. The most important irrigations in the
Wheat Belt are the new projects of Mzerib and of the Orontes, the old irrigation on the
Orontes from the Lebanese border to beyond the town of Hama, and individual small
groundwater pump schemes.
iii) The present gross produce of the Wheat Belt can be estimated at about £ Syr. 370 millions
from cereals, pulses, etc. cotton and other irrigation crops, and grazing.
iv) Improved land use in the Wheat Belt is very difficult to design. Problems such as the
utilization of fallow land and the use of chemical fertilizers, the integration of improved
grazing in the farming system with improved breeds of sheep and dairy cows are at an
initial and experimental stage.
Afforestation is often proposed for certain parts of the Wheat Belt, but as this zone was
originally Pistachio-to-quercetum savanna, growth is very slow and regeneration almost
impossible. Thus afforestation on a commercial basis is not possible in this zone.
v) The total potentialities will probably not be much higher in the future than they are now
because,as far as is known, all the available resources for irrigation from surface
water and underground water are being 'used. ' Growth will come from improvements in
the existing agriculture and is likely to be slow.
2. The Dry-Mediterranean Savanna
The Dry Mediterranean Savanna Zone is equivalent to the Barley or Marginal Belt. Its size is
sixty thousand square kilometers, and it consists of plains and plateaus surrounding the desert at
elevations between 200 and 800 m.
(The Damascus basin, the plains East of Horns, Hama, Aleppo, the Balikh basin, the upper
Khabour and the Radd basin). The population density in the dry farming areas is 20/km 2.
i. Rainfall in this zone is between 200 and 300 mm.
ii. The cropping system in the Barley Belt is even simpler than in the Wheat Belt; a two
year rotation with cereals (mainly barley) and fallow. The area of cereals sown,
however, depends on the autumn rains. Irrigation, for cotton only, in the Barley Belt
include the Damascus basin with old garden irrigations and the recent developments
along the Upper Euphrates, Upper Khabour and wells in the different areas.

- 13 iii. The present gross produce of the Barley Belt can be estimated at £ Syr. 300 million,
from cereals, cotton, etc., and grazing.
iv. Improved land use under dry farming is even more difficult to realize than in the Wheat
Belt. There is no doubt that tractor-cultivation has gone beyond its profitable limits
and that the pastures are overgrazed. The great potentiality of production in this zone,
however, depends on irrigating the Baligh basin and the plains East of Aleppo with water
from the Euphrates, after the construction of the Euphrates Dam at Tobqa. Afforestation
in this zone under dry-farming conditions would be technically impossible.
v. Total potentialities will be greatly affected by the development in the Euphrates, where,
in the first and second phases of the execution of this project, 300,000 ha. will be brought
under irrigation. Further developments in the Damascus basin and on the Upper Khabour
will be difficult, though perhaps not impossible, to realize. In like manner, any increase
in the production of the existing dry farming should be regarded as limited in extent and
slow in pace. It is very doubtful whether any increase in the yield of dry farming land
with increased production costs should be attempted.
E. DESERT ZONE
1. The Desert Zone is by far Syria's largest landscape unit. Its size is eighty five thousand
square kilometers, and it consists of plains and plateaus at elevations between 150 and 900 m. The
main rivers of the Euphrates and the Khabour cross desert territory for two-thirds of their length
•vithin Syria. The average population density is 3/km2.
2. The climate is similar to the dry Mediterranean Savanna, but with a rainfall of less than
20G mm.
3. Agriculture is limited to grazing, except for the river valleys, where cotton is grown (and
irrigated wheat in the lower Euphrates).
4. The present production of the desert zone can be estimated at £ Syr. 250 million, twothirds of which comes from cotton.
5. Improved land use in the dry grazing areas should be attempted, but cannot be expected to
give quick tangible results. On the other hand, the irrigation in the lower Euphrates and Khabour can
be largely improved. In addition, there is scope for increasing irrigated summer crops in, or
adjacent to, these valleys in an estimated 100, 000 ha.
F. EPILOGUE: THE FARMER
Terms like potentiality, development and improvement have been repeatedly used. The key man
in agricultural production, however, is the farmer, the fellah, who toils on his piece of land as
sharecropper, tenant or owner.
Any design for increased production will succeed only if the farmer collaborates; for the
increase will always involve him in harder, longer and often more careful work. Has he the
incentive to assume the burden? The answer for Syria is: certainly, if his extra labour will be
remunerative. Within 20 years, Syria has increased the cotton area by 200,000 ha. and the cereal
area by 1,000,000 ha. The increase is due to private management. Surveys have shown that the
family income of the fellah is about £ Syr. 1200 per year in the cotton area and rather lower in the
other areas.
Improved agriculture will bring with it an increased income for the farmer. This is likely to
be realized within the life-time of this generation in the Mediterranean zone and in the interior under

- 14 irrigation. Fortunately, Syria's potentialities for increased irrigation are in areas without any
pressure of population. There it is possible to design an agricultural structure which ensures the
farmer a fuller remuneration for his labor. On the farmer's personal incentive, production under
the future irrigation schemes depends.
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REPORTS IN THE MINISTRY OF AGRICULTURE

1.

Survey of the Soil, Present Land Use and Land Capabilities of the Jezireh.

2.

Soil Associations of the Basin of Damascus and its Surroundings.

3.

Clay Minerals in Syrian Soils.

4.

Extracts from a Few Interim and Other Reports Written During 1953-1954.
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SURVEY
of
SOIL, PRESENT LAND USE AND LAND CAPABILITIES
of the
JEZIREH
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The soil survey described in this report was designed to assist the Directorate of Land Surveys
of the Government of Syria in carrying out a special program for the demarcation and distribution of
State Domains in the Province of Hassiki.
The terms of reference of the survey were:
a. to make a survey of present land use;
b. to classify the capabilities of the land of the Khabour valley both for dry farming and for
irrigated farming; and
c. to establish an approximate scale of relative productivity for the different land classes
recognized on the basis of a standard 50 hectare unit.
An aerial survey was made of the whole area, covering 22,000 square kilometers. This,
together with the ground control established and marked by the Directorate of Land Surveys before
flying began, provided a basis for soil and land-use mapping by air photo interpretation.
At an early stage in the survey, it became apparent that land-use boundaries were so clearly
portrayed on the air photographs that a detailed map of present land-use sufficiently accurate to
provide proofs in the settlement of land ownership disputes between the State and individuals, could
be produced by simple photo interpretation. Law No. 84 of 22 June 1955 legalized this procedure,
which has been applied ever since.
At the request of the Director of Irrigation and Hydraulic Power, special surveys yielding a
fairly detailed evaluation of soil resources and their utilization, especially with regard to irrigation,
were carried out on two irrigation projects in the Khabour valley.
All mapping was done by photo interpretation with simultaneous ground control. Surveyors
operated from a field camp which was moved every one or two months in order to reduce daily
travelling. Original mapping was carried out at a scale of 1:20,000, but for the purpose of this
interim report the maps produced have been simplified and reduced to a scale of 1:200,000.
A number of maps were produced as a result of the survey. The most important are:
a. a soil map,
b. a land capability classification for dry farming,
c. a land-use map,
d. an irrigability classification of the Kabour valley, with detailed surveys of two irrigation
projects, Tell Maghass and Taff.
This interim report, while emphasizing the practical results of the Jezireh survey, omits
purely scientific observations. Though delay in publication may have impaired the accuracy of some
minor factual details, it will have had no significant effect on the value of the interim report as a
whole.
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FIGURE 1
CLIMATIC SOIL ZONES OF THE JEZIREH
I Northern Belt
(pasture and cereals)
H Middle Belt
(wheat-fallow and fodder crops)
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- 21 A. GENERAL

.

1. Physiography
The Jezlreh is level country. Apart from the hills of Abd al Aaziz (900 m. ) and Karachok dagh
(775 m.), it is an uninterrupted plateau landscape, gently rolling in the south (at 300 m. elevation) and
very level in the north (at 500 m. elevation), where the only landmarks are the numerous Tells or
artificial mounds which are scattered all over the country.
2. Geology
The surface geology is simple. Lagoonal Miocene is present nearly everywhere, at shallow
depth between the ridges of Mardin and J. Abd al Aaziz-Sinjar, covered only by Quaternary colluvial
and alluvial sediments, and at the surface towards the south.
On the Abd al Aaziz-Sirijar ridge, the Lower Fars outcrops, with its pronounced gypseous beds,
limestones and shales, whereas to the south the Upper Fars with sand and siltstones is evident. These
parent materials gave rise to quite a range of soils. Topography has also been an important soil
forming factor. On the soil map the structure of the ridge is reflected (domes, limestone outcrops
and basins).
Of the Quaternary, there is an upper terrace with heavily encrusted gravel beds. This was
eroded to a lower level (pediment) during a Lower Quaternary erosion period. Later on, the Khabour
and tributaries incised this pediment in two stages (Terraces II and I).
'
Plateau basalts cover substantial areas along the Mardin ridge (Karachok dagh) as well as along
the Abd al Aaziz ridge, which has three eruption centres - J. Qleib, Kaoukab and J. Maaz. Some of
the basalts are of Quaternary age.
3. Climatic Soil Zones (figure 1)
Four zones can be recognized with distinguishing features of winter rainfall, soil, vegetation
and agriculture. They are:
I. Northern Belt
a. Rainfall
Over 500 mm.
b. Soil
Black and dark brown montmorillonitic clays, usually developed on basalts. A fairly
well-developed A horizon; a compact, sometimes prismatic B with accumulation of
calcium carbonate in nodules or plates. Topsoil is fluffy, unless structure is disturbed
by improper management or excessive rain.
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A typical analysis would be:
Ayi

Black (IJasalt)

Divar

Particle Size Distribution in mm (percent)
Very
Coarse
Sand
1000

Depth
cm

0-20
20-50

Coarse
Sand
1000-250

Very
Fine
Sand
50-100

pH

0-20
20-50

8.3
8.4

H

0.7
0.6

Ca
Mg Na
m. c./100gr.

HCO
soil

0.1

1.0

74.5
78.0

CaCO, percent
15.1
27.4
Total
percent

Water Sol. Salts
Na K
per 100

Clay
2

24.5
20.5

Organic Carbon percent

Extractable Cations
Mg
Equiv.
soil

sut
2-50

0.5
1.5

-

Depth
cm

Ca
Milli
gr.

Fine
Sand
100-250

Cl

SO.

0-20
42.7

8.7

1.0 0.1

1.3

0.3

0.14

c. Vegetation
This region shows a fairly rich vegetation with some Mediterranean aspects in its
cultivated trees (olive, grape, fig), wild trees (Quercus Aegilops) and herbs
(Asphodelus microcarpus). On the other hand, vegetation native in Northern Iraq is
also present.
Perennial plants are fairly rare, but Hordeum bulbosum and Poa bulbosa are
frequent. Weeds are abundant in the cultivated fields, causing yield depressions,
especially in wet years (Phalaris tuberosa, Salvia syriaca, Centaurea bahen. )
II. Middle Belt

a. SainfaU
300-500 mm.

b. Sou
Brown, montmorillonitic clays, mostly developed on old Quaternary alluvials. Weak
Ai, but pronounced prismatic B on the old plateaus, with carbonate nodules. Topsoil fluffy.
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A typical analysis would be:
Chestnut Brown (Alluvial)
Very
Coarse
Sand
1000

Depth
cm

0-20
20-50
50-70

N. of Hassikki
Particle Size Distribution in mm (percent)
Very
Coarse
Fine •
Fine
Sand
Sand
Sand
1000-250
100-250
50-100
0.5

3.0
1.5
1.0

1.0

:

Depth
cm

Organic Carbon
percent

pH

8.4
8.4
8.4

0-20
20-50
50-70
Extractable Cations
Ca
Mg
H Na
Milli Equiv.
per
gr.
soil
25. 9
23. 5
20. 3

6. 0
6. 3
6. 8

c.

0. 05
0. 15
0. 3

Silt
2-50

Clay
2

50.0
43.5
34.0

44.5
55.0
65.0

CaCO3
percent

0.9
0.2
0.5

17.3
24.8
30.1

K
100

Water Sol. Salts
Ca Mg Na HCO3 Cl
m.c./lOO gr.
soil

SO4

Total
percent

0. 5
0. 75
0. 45

0. 8
1. 0
1. 7

-

0. 2
0. 4
1. 3

0. 11
0. 09
0. 15

0. 3
0. 2
0. 2

0.7
0.9
1.0

Vegetation
The vegetation is exclusively limited to weeds which invade the fields, for the whole
area is treeless and cultivated. The most important are Verbascum cestroides,
Phlomis kurdica in the north, and Anchusa mesopotamica, Phlomis brueuieri towards
the south. In the valleys, on more humid soils, Prosopis stephaniana is found. Along
the Khabour, some Salix shrub is present.

HI. Marginal Belt
a.

Rainfall
200-300 mm.

b.

Soil
A range of soils occur, depending on parent material (predominantly lagoonal Miocene),
usually yellow in colour and highly calcareous, sometimes gypseous too. Little
pronounced profile development; gypsum crusts are common, outcropping or at shallow
depth.
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An example of such a gypseous soil:
Yellow (Alluvium)
Very
Coarse
Sand
1000

Depth
cm
0-20

Particle Size Distribution in mm (percent)
Very
Coarse
Fine
Fine
Sand
Sand
Sand
1000-250
100-250
50-100
2.0

1.0

-

Depth
cm

pH

0-20

8.4

2-50
64.5

9.0

Organic Carbon
percent

37.2

1.3

K
100

Water Sol. Salts
Ca Mg Na HCO, Cl
m. c / 1 0 0 gr.
soU

16.2

2.4

0.7

c.

-

1.3

23

CaCO3
percent

Extractable Cations
Mg
H Na
Ca
per
Milli Equiv.
soil
gr.
10.2

Clay
2

sut

1.2

1.2

0.1

so 4
0.5

Total
percent

0.23

Vegetation
This is the region of Artemisia herba-alba, though here it has only a limited extension.
Due to the special conditions of the soU (gypsum rich), large areas with Achilles
conferta are found. Halophite vegetation is not infrequent. South of Hassetche, an
area with Verbascum palmyrense var. is evident. Along the Khabour, Populus
euphratica, Salix and Tamarix spp.
On the cultivated lowlands of the Khabour, Alhagi maurorurH) Prosopis stephaniana
and Glvcyorhizza glanduHfpra are abundant.
The hilly chain of the J. Abd al Aaziz makes an exception to the monotony of the
plains, with a richer flora of annual and perennial herbs and the relics of a forest on
its steeper and less accessible slopes (Pistacia atlantica, Pistacia kin juk, Crataegus
anH Ce.ra.sus
)

rv. Southern Belt
a.

Rainfall
Somewhat under 200 mm.

b.

Soil
Grey soUs of the semi-desert with little profile development. Highly calcareous,
easily puddling. At the surface, there is often a thin felt-like layer of organic origin,
described by pedologists as ranker.
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Â typical analysis:
Sierozem. (Lagoonal Miocene)

Depth
cm

Very
Coarse
Sand
1000

10-30
30-60

2.0
2.0

Particle Size Distribution in mm (percent)
Very
Fine
Coarse
Fine
Sand
Sand
Sand
1000-250
50-100
100-250
19.5
9.0

Depth
cm

pH

0-30
30-60

8.4
8.4

10.0
7.0

2.7
3.4

0.2
0.45

Clay
2

35.0
28.0

26.0
44.5

CaCO,
percent

Organic Carbon

percent

Extractable Cations
Ca
Mg
H
Na
Milli Equiv.
per
gr.
soil
14.6
15.0

15.5
10.5

Silt
2-50

21.6
25.4

0.3
0.05

K
100
0.9
0.25

Water Sol. Salts
Ca Mg
Na
HCO,
m. c./lOO gr.
soil
1.55
0.6

-

0.2
0.2

Cl

0.5
0.6

so 4

Total
percent

1.5
0.2

0.23
0.08

Thin platy sod of carexes etc. Can be easily torn off. 10-35, somewhat platy, loose loam 5YR 5/6.
35 compact, blocky clay, carbonate concretions; 5YR 7/6.
c.

Vegetation
This zone is most monotonous. Targe sections carry only Poa sinaica and Car ex
stenophylla.' The Chenopodiaceae, which characterize Central Syria, are not found
here for some reason.

4.

Soil Resources

The soil classification, of which the soil map (Map I) is the result, forms the basis for all
other studies. In fact, the soil map is the scientific background from which the land classifications
are derived.
I.

TanH Classification for Dry Lands (Map H)
Four types of land are distinguished:
Very good wheat land
Good wheat land
Marginal land (barley land)
Non-cultivable land (grazing land)

800,000 ha.
200,000 ha.
200,000 ha.
1,000,000 ha.
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SIMPLIFIED SOIL MAP OF THE
JEZIREH
Old alluvials with gravel
High terrace
Recent khabour terraces
Young alluvial fill
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. . . do - - - (Shallow)
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II

LAND CLASSIFICATION FOR
DRY FARMING, JEZIREH

First and second class
wheatland

40°I

Thirdclass wheatland
t

HI Marginal land
Not suitable for
cultivation
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45°
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MAP III
LAND USE, JEZIREH (1955)

|

| Dry farming (large scale)

40°

Ü l f Dry farming (small scale)
\

HHIH Irrigated farming
Not cultivated
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Yields have been measured from different types of land all through the Jezireh in 1954 and
1955. 1954 was a year with good rain; 1955 was a dry year. The results, according to a
systematic tabulation, are:
Very Good Wheat
Land
North Belt
Middle Belt
1954
1955

1,000 kg.
1,200 kg.

1,200 kg.
1,000 kg.

Good Whe^t 1-a.pd

Marginal Land

1,000 kg.
600 kg.
(failure)

800 kg.
500 kg.
(failure)

Grazing Land

500 kg.
(failure)

If we study the rainfall figures of the last 20 years and we assume that a rainfall of 300 mm
at Hassiki is a minimum requirement for the marginal land to produce a crop, we see that
crop failure on that land is inevitable every other year. There is failure on good wheat land
every 3 or 4 years, and on very good wheat land in the Middle Belt every 5 or 6 years. Though
the Northern Belt may not have any year of crop failure, there can be a yield depression in the
wet years because of excessive rain, which causes deteriorated soil structure and abundant
weeds.
n.

Land Use Map (Map lul

The Jezireh developed so rapidly during the last 15 years that there is hardly a parallel
in the whole of the Middle East. In 1955, land use was:
North and Middle Belt, almost entirely cultivated, half of it by machines and half by
animals (1,000,000 ha.)
Marginal Belt, only a small part cultivated, but almost entirely by machines (900,000 ha.)
Of the cultivated land (1,210,000 ha.), only 40 percent is actually sown in the Northern and
Middle Belt; and 25 percent in the Marginal Belt. This brings the total of sown land to 510,000
ha. The remaining 700,000 ha. are fallow. These figures are derived from the airphotos,
and not from the normal statistics.
In 1954 a total of 5,650 Bedouin tents were counted in the grazing and marginal belts.
Of these, 2,320 were east of Khabour, 2,050 west of Khabour and 1,280 in the Radd area.
By comparing the Land Use Map with the Land Classification Map it is possible to indicate
the amount of cultivable land still available. The future will obviously be less bright than
the past since not more than about 150,000 ha. of marginal and 3rd-class wheat land will be
put under the plough. On the other hand, the maps show that towards the south the tractors,
instead of stopping at the sub-marginal boundary, pushed here and there into non-cultivable
land. This land will be automatically abandoned and return to grazing as soon as the operator
is convinced that his activity results in a loss.
HI. Irritability Classification
Irrigation is possible only in the valley of the Khabour. Outside this valley the land is
topographically too high to be irrigated from rivers. There is probably no substantial underground water.
a.

Existing Irrigations

At present, irrigation is by gravity canals (Tell Maghass 9,000 h a . , Saba Skour 70 ha.),
Naouras (77 between Ras al Ain and Ch. Ahmed) and motor pumping stations (283 between
Ras al Ain and Ch. Ahmed. )
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The low Khabour soils are all irrigated, but some of the higher terrace is also
irrigated by lifting the water with centrifugal pumps. The survey revealed that 21,000 p.k.
is installed, lifting t 15 m / s e c , an average of 8 m. Â simple calculation shows that the
average efficiency of the pumps is not more than 30 percent.
The air photos show that 25,000 ha. are irrigated, but only 10,000 ha. are actually
planted with summer crops (cotton. ) This means that the total water consumption is
1.5 L/sec/ha.
Theoretically, under the prevailing conditions of soil and climate in the Khabour
valley, 0.5 L/sec/ha. would be sufficient to grow cotton (calculated with the BlaneyGriddle formula. ) The losses totalling 1 L/sec/ha. occur mainly because of leaks in
canals, insufficient levelling in spite of the combined furrow-basin method of irrigation,
and the large number of light irrigations. This means an efficiency on the farm of 30
percent. So we arrive at an over-all efficiency of 0.3 x 0.3 : 0.1 or 10 percent.
(As a comparison, a very well managed irrigation in the U.S.A. has an over-all
efficiency of 40 percent; the rest are unavoidable losses. ) Here is a very important field
for improvement.
b.

Irrigation Projects

Private enterprise has irrigated almost all the soils easy to irrigate. Future
irrigations will require more complicated engineering works and become a task for the
Government to execute.
The total of irrigable land in the Khabour Valley is much greater than the amount
of water available for irrigation. Thus, the most suitable areas for development can be
selected.
Of the total of 40,000 ha. in the Khabour Valley north of Cheikh Ahmed, it is
estimated that about 20,000 ha. of new land are easily irrigable. Two regions - Tell
Maghass and el Taff - have been surveyed in more detail. Both are very suited to
irrigation - level land, deep soil, smooth surface and little salinity.
5.

General Economic Conditions

Jezireh is usually, and rightly, regarded as one of the economic treasures of Syria.
It produces, however, wheat and cotton, and both are vulnerable items on the world market.
In addition, the cereals are grown under conditions depending on the variable rainfall and,
as has been shown, crop failures in the marginal and middle belts are not rare. These risks
can be reduced by several means, and some are already partly applied by common sense.
They are:
a.
b.
c.

farming with very little capital investment;
lowering production cost per unit of area;
introducing sheep on the wheat farms.
a. A small capital investment allows the farmer to expand and retrench his enterprise
according to the world market situation, and without too much risk. Whether it is liked
or not, this is the unavoidable condition under which cereals are grown in marginal
country.
b. It is estimated that up to 50 percent can be saved on the cost of putting the seed in
the ground. Equipment is too heavy, ploughing too deep. More careful soil management,
better seed bed and weed control can raise yields, while at the same time decreasing
production cost. Dry farming cereal growing is based on low cost, not on intensification.
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Production cost is also influenced by farm size. The lower the production per hectare,
the larger the farm must be. In the marginal belt, unlimited farm size is economical.
Towards the higher rainfall belts, farm sizes may be smaller, but even there small farms
lead to poverty, as can be observed everywhere in the Middle East.
c. Towards the marginal belts, the vicissitudes of climate can also be reduced by
introducing sheep on the farm. In years of low rainfall, the sheep graze the crop and
secure the farm income. In years of good rain, enough feed will be available.
To a certain extent, common sense has already developed the land along these lines
- a tractor belt in the south; half mechanized, half small farming in the middle; and
predominantly small farms in the north.
6.

Fallows and Cover Crops

It is believed that under dry farming conditions green manure, legumes, etc. in the crop
rotation contribute little to soil fertility. This is especially true for legumes. These crops
only raise production costs and would prove unfeasible unless, perhaps, there is a long-term
rotation with 5 or more years of pasture, followed by one or two years of c e r e a l s . This,
however, calls for an entirely different type of farming. Meanwhile the fallow is important.
Mixed farming is less a soil problem than a social and economic problem. From this angle,
mixed farming might be strongly recommended in the high rainfall a s well a s in the marginal
belt.
. ,
7.

Soil Erosion

.

No important soil erosion can be observed in the Jezireh. Only near water points and a
5 km. wide strip along both banks of the Khabour is there a mild wind erosion caused by
abundant animal t r a i l s .
8.

New Crops

Jezireh i s , and will remain, a cereal and cotton land.
Although fruit and vegetables
could be grown in huge quantities, neither labour nor market is at present available. It i s ,
however, difficult to understand why nearly all fruit and vegetables eaten in Hassiki must
come from Western Syria.
The poplar is becoming important in the irrigation stations, but without a regular supply of
irrigation water the t r e e s die.
9.

In Summary

Despite the astonishing achievements of the past 15 years in the J e z i r e h , there is still
much room for improvement, especially through the lowering of production c o s t s , improved
soil management and better irrigation methods. Mechanized cotton cultivation, if feasible,
could have a future in Jezireh. New land can be irrigated with simple means. Though mixed
sheep-cereal farming and the settlement of landless farmers in the new a r e a s of irrigation
must be major a i m s , both problems a r e closely related to social conditions. Jezireh is a
beautiful country, where much has still to be done and where continued hard work will be
required as well a s a favourable economic wind.
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B.

DRY FARMING SOILS

Jezireh is, and will always remain, a dry farming country. Even if all the summer and winter
water of the Khabour is in future utilized for irrigation, not more than 50,000 ha. will be irrigated
out of the total of 2,200,000 ha.
In mechanization, it is one of the most advanced districts of the Middle East. Essentially,
the system of cereal-fallow with stubble grazing of sheep is practised.
Although average yields are not very high, this is due not to low soil fertility and soil depletion
nor to insufficient moisture in normal years of rain, but largely to irregularities in soil management.
1.

Soil Management

FAO Report No. 2587 entitled "Tillage and Seeding Practices and Machines for Crop
Production under Semi-Arid Conditions" gives an outline of the mechanical soil management
most satisfactory under steppe conditions:
"The following operating program is suggested:
(a) Immediately after the crop is harvested, the land should be gone over with a
heavy duty cultivator equipped with wide (approximately 16 inch) blades. This
will kill off all weed growth and will form somewhat of an insulating layer on
the soil surface which will prevent loss of moisture through evaporation. It
will however leave the stubble standing and the soil surface in a practically
indisturbed condition, so that wind erosion is prevented.
(b) In the autumn preceding the winter rains, this land should again be gone over
with the same machine, only equipped with narrow (approximately 2 1/2 inch,
wide) chisel points rather than wide blades. It should be adjusted to penetrate
to approximately 12 inches: this will open up the soil to allow for good
moisture penetration, but again will leave the stubble standing in very nearly
its original state. Such a condition will continue to control wind erosion, and
will also hold snow and prevent it from blowing off, thus providing additional
moisture for crop growth.
(c) In the spring following the winter rains, the land should be gone over with
the same implement equipped with wide blades. This operation will achieve much
much the same purpose as the initial one following harvest, i.e. control weed
growth and create a surface mulch to prevent moisture evaporation.
(d) Seeding is done with a wide, level one-way disc harrow equipped with a seedbox and feed mechanism. This machine, again, can be operated at quite high
speeds. No previous seed-bed preparation is necessary as the one machine
actually tills as it seeds. A 12-foot machine of this type should seed
approximately 2 ha. per hour".
Since few farmers have sufficient labour and equipment available on their farms to
concentrate all the work of ploughing, the land is ploughed, in practice, at any time outside
seeding time (which absorbs all tractors) and the season of the winter rains.
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(i)

Moisture Conditions in the Soil Profile

A common observation on the cereals in January-February is the poor and irregular
development of the young plants. They suffer not from the cold nor from low soil fertility, but
because of puddled, sticky topsoil over-saturated with water. Apparently, the soil cannot
absorb the January rain quickly enough, and the top layer immediately becomes over-saturated
and puddles. Between the rainy spells are drought periods when the surface layer puddles.
As temperature rises and rainfall decreases rapidly in spring, the soils dry out to a great
depth and shrink into big prismatic blocks. One week of excessive rain in winter or an
extensive rainy period can cause deterioration of soil structure, stagnation of growth, and
consequently yield depression.
This is the problem on all soils, whether derived from limestone, chalk , basalt or of
alluvial origin. It is the same on virgin land and on old arable lands. Yet there are local
differences of great importance.
(ii) Local Differences in Soil Structure
In the undisturbed profile of all the steppe soils, there is always a subsoil with a more
compact structure. Though not friable, the topsoils are less tight than the deeper layers, while
in the high rainfall zone the well-drained profiles have a natural fluffiness, regardless of humus
content. The depth at which the compact layers occur varies and depends in the undisturbed
soils upon the general climatic conditions.
Undisturbed profiles, however, are seldom found. Even along a slope of 1 percent, some
topsoil creeps from the higher to the lower spots. Though this is unavoidable, it is an
extremely slow process and does not necessarily harm agriculture.
An experienced eye recognizes the slight differences in characteristics of the soils in the
field. The laboratory analysis does not show any significant difference except usually a higher
CaCO» percentage in the "slope soils. "
The fluffy soils are a better class land, but careful farming is still necessary to avoid
destroying the structure. Nevertheless, they are easier to handle and, even under rough
farming practices, might give yields even twice as high.
(iii) Improvement of Alluvial Clay Soils
In theory, there are three ways of improving the steppe clay soils:
a.
b.
c.

use of organic fertilizers;
use of chemical fertilizers;
better soil management.

Fertilizing the heavy soils with either chemical or organic fertilizers is unlikely to have
any results, unless it is preceded by better soil management.
In particular, the puddling soils leave little chance for the newly germinated seed to develop
its root system. Even after a humid winter, and between the rainy spells in spring, the plants
may suffer from drought l / .
Where the surface is loose along the borders of the fields or
between the caterpillar trails of the tractors, plants develop well and yield twice as much.
1/

Heavy rain actually helps to destroy soil structure. In Syria there is a definite maximum of rain
by which maximum yields can be expected. In Jezireh (as in Hauran) this is at about 500 mm
on all the Brown soils. With more rain, all the soils puddle and crops suffer from drought
before ripening.
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Building up the humus content of the topsoil is a difficult task, and probably too expensive
for steppe soils. The summer is too long and too hot, soil temperature rises too high and its
control is too difficult to prevent yearly excessive oxidation of organic matter. Leguminous
crops, often recommended as soil improvers, have a doubtful value in the steppe. Agriculture
in Syria is not poor in legumes, but they seem to contribute little to soil fertility. The same
observation has been made in other countries I / .
As the first start towards improvement of yields, a better preparation of the seedbed is
necessary. Spring ploughing of the wet land is the worst thing to be done; lighter machinery,
better adapted to the soil, will have to be introduced. Ploughing of the cereal land is often
done too roughly. The speed with which the disc is driven through the land is too high. The
plough itself is often not well adjusted. Between runs, important sections of the land sometimes remain "unploughed", and there a poor development of the wheat or barley will be found
in the following year.
(iv) Fertility of Virgin Steppe Soils
Poor structure, even of the "virgin" steppe ploughed for the first time, outweighs a
possible extra richness of available plant nutrients. This is true of all the steppe soils,
especially the drier ones (Gray Desert, and Yellow and Brown Mediterranean.)
Although there is a widespread opinion that present agricultural methods are depleting the
fertility of the land, nothing, as even a general study of the soil shows, could be less true.
Steppe land planted for the first time often gives very low yields. The virgin steppe soil is
very hard to work and has poor structure. In the course of a number of years, structure
improves by proper management and yields may increase. Farming skill is the first
requirement for higher yields.
(v) Dry
Because of their different characteristics, the soils weathered from lagoonal Miocene
rocks have to be treated separately. If here they are called "gypsum soils" this is only a
general indication and not entirely correct, for some soils in the area contain very little
gypsum at the surface. On the other hand, the more or less eroded soils may contain as much
as 80 percent gypsum in the topsoil. For plants, free calcium sulphate in the soil is apparently
as inert a material as calcium carbonate. It acts as "soil", and by itself does not influence
productivity.
The characteristics of the gypsum soils are much more variable than those of the alluvial
clays, from which they greatly differ. They tend to be much more friable; they are easy to work
and have a "dusty" character in summer. Again, as on the clay soils, a great differentiation
of profiles is caused by "creep" along the slopes. The undisturbed profile has the following
appearance:
a)
b)
c)
d)
e)
f)
1/

thin gray layer (sod);
brown or reddish loam, "degypsified";
gypsum hard crust (may be absent);
white or light yellowish gypseous clay, loam or "sandy loam";
rockmeal, white or yellow;
rock.

For Cyprus and Palestine, Keen: The Agricultural Development in the Middle East, London,
1956. For U.S.A., Locke and Matthews: U.S.D.A. Circ. 917, 1953.
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Here the white gypsum crust, very typical but always thin (5-15 cm.), takes the place of the
encrusted gravels in the alluvials.
The following deviations from this undisturbed profile are common:
a.
b.
c.
d.

deep, brown or reddish brown clay, friable and "dusty";
deep, brown or reddish brown clay, fairly compact; "
white "sandy" loam (sometimes gray and somewhat compact) with a subsoil of half
cemented gypseous material (with or without gypsum crust at or near the surface);
white loam, but hard gypsum rock at shallow depth.

The occurrence of these types is closely related to topography. Contrary to the alluvials,
the gypsum plains have, besides a main drainage pattern, a characteristic micro-topography
which makes them very easy to recognize on the airphoto.
At lower spots we find types a or b, at higher ones types c or d. The difference in level
may not be more than 10 or 20 cm. The native vegetation is a very good guide for recognizing
the soil pattern.
In the broad basins and valleys we usually find deep, reddish brown or brown very friable
soil. This soil is easy to handle and to work, but in case of irrigation it needs a high water duty
per hectare.
(vi) TTT^proyement of Gypsum Soils
The productivity of the gypsum soils, now chiefly planted with barley, is low, but there
may be a way of greatly improving them. Their improvement is more likely than that of the
sticky clay soils.
The method involves mechanical loosening of the subsoil to such depth as the horizons
of the soil allow and applying phosphatic fertilizer.
On light soils, heavy equipment can be used without any danger of destroying soil structure.
Mechanical loosening by an underground plough, which, as far as possible, avoids bringing
subsoil to the surface, would improve root development in soils with cemented or half
cemented subsoils. Otherwise, crops grown on these soils show very superficial root
development, and this explains their susceptibility to drought. As with clay soils, the
sod of the native vegetation, although containing a fair amount of organic matter, does not
influence soil fertility. When ploughed, the sod decomposes insufficiently and remains as
it is for years. Application of phosphate, however, is likely to change the whole biological
activity of these soils, favourably influencing, for example, nitrification and leading to the
decomposition of the sod.
The probable success of this method can be inferred from the noted effects of burrowing
animals, such as foxes, which favour the gypsum soils because they are easy to dig. The
activities of the fox both loosen the subsoil and add phosphate in the form of the bones of its
prey. The former positions of foxholes and the nests of other animals are indicated after
cultivation by the abundant growth of whatever crop has been planted.
Better growth is also a rule around the ruins of ancient farms and villages.
In spring, all kinds of deficiencies in wheat and barley can be seen, but they may be caused
by the high percentage of calcium in the soil solution; later on, the symptoms practically
disappear.
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2.

Tfi^ri f!^fiflification for Drv Farming

(i) Criteria of Land Classification
A land suitability classification interprets the soil types of the soils map in terms of
agricultural productivity. The soils map, which is based on the morphological features of the
soil profiles, remains the basis for the land suitability classification, but in addition other
considerations are taken into account, either as checks or as new information. These
considerations are:
a.

Moisture conditions in the soil in spring. Rain penetrates the clay soil in winter and
saturates the top layer, leaving a remarkably sharp limit between humid soil and dry
deeper soil. Given the same profile characteristics, this depth of moisture
penetration is important to land evaluation. For 1954, arbitrary limits have been
set up. For instance, for the region south of Jebel Abd el Aaziz (on the same soil
profile):
Wheat land - soil which became humid in spring to > 1 m.
Barley land - soil which became humid in spring to less than 1 m.
Grazing land - soil which became humid in spring to less than 0.60 m.

b.

Yields. Crop cuttings have proved to be one of the most important controls to check
reliability of the interpretations.

(ii) Land
Because observations, taken during only two years, are incomplete, the number of land
classes has been limited as much as possible.
The following scale has been established:
Approx. Yield of Wheat in Aye, rage,
1,500 kg. and more
1,200 kg.
1,000 kg.
800 kg.
500 kg. and less

Wheat land - 1st class
2nd class
3rd class
Barley land
Grazing land

For Syrian conditions, it is assumed that land which produces less than 500 kg. of wheat
in a year of normal rainfall, such as 1954, belongs to the class of uncultivable land. It should
be left for grazing.
(iii) Productivity Classification
A merely preliminary productivity evaluation could be given for these land classes. We
recommend the following scale. Second-class wheat land is taken as the standard unit.
Table 1: Classification of Land according to Productivity, with Second-class Wheat Land
as the Standard Unit
Wheat Land
1st Class
Evaluation
Standard

1.2

2nd Class
1

3rd Class
0.8

Barley
Land
0.6

Marginal
Land
0.4

Non-cultivable
Land
0.2
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As a rule, marginal land should not be sown. The evaluation ratio between very good
and poor arable land is considered to be 2 : 1; very good land and marginal land, 3 : 1 .
C.
1.

KHABOUR VALLEY

Description of the Area

Although irrigated agriculture in the Jezireh is less important than farming on rainfed land,
it is by no means negligible. All the cotton in the Jezireh is grown in irrigated fields, a total
output in 1954 of 12,000 tons from 15,000 hectares. Except for irrigation south-east of Kamichlye
and a few scattered farms along Jibjib, Zerkan, Jaghjagh and Tigris, irrigation is restricted to a
narrow strip along both banks of the Khabour River. Irrigation is practised with pump installations
set up since the war and from the Tell Maghass gravity canal. Although the farming system is still
very deficient and, as will be shown later, average yields still remain low and although farm
management could be much improved, the Syrian farmer in the Jezireh should be greatly admired
for the persistence with which, year after year, he overcomes his difficulties.
All farms grow cotton almost exclusively. Most of the low lands are still irrigated with
norias, and near Saba Skour and Aajaja, small gravity irrigation canals are found. In the latter
region some rice is grown.
One characteristic of the outfits along the Khabour is their semi-permanent character.
Small farms belonging to Assyrian immigrants are found between Hassetche and Tell Tamr.
These small farms have a permanent character. On the left bank of the river, this is due largely
to the Tell Maghass canal, which supplies the fields with water.
The few really big enterprises, as found near Ras el 'Ain, Manajeer, Chaddadeh, have also a
permanent character. On these larger enterprises good houses are gradually being built. Another
sign of permanence is that millions of poplars are being planted. The majority of the medium-sized
enterprises, however, are still on a very temporary basis. They consist of some hired labour,
mostly from outside Jezireh, an engine and a pump. It is better to consider them as pumping outfits
than as real farms. The disadvantage of these temporary arrangements is, no doubt, that the
highest possible yields will not be obtained. On the other hand, the whole development of Jezireh is
tied up with the world market price of wheat and, in this case, of cotton. The system of temporary
farms makes it possible to retrench and expand agricultural economy very quickly and from year to
year.
The lands described in this report are located roughly between the 350 m. contour north of
Hassetche and the 300 m. contour south of Hassetche, a total area of about 40,000 ha.
The climate is that of a continental Mediterranean steppe; it has high summer temperatures,
mild winters with frequent short frost spells, a winter rainfall decreasing from about 325 mm. at
Ras el 'Ain in the north to 200 mm. at Cheikh Ahmed in the south, relatively low humidity in summer,
high evaporation, practically continuous sunshine in summer, and a growing season which starts for
cotton at about the beginning of May.
The parent materials from which the Khabour Valley soils have been formed date to the early
Quaternary for the area north of Hassetche and to the lagoonal Miocene for the area south of
Hassetche.
Since the flow of the Khabour River diminished gradually and with certain fluctuations during
the Quaternary, the stream eroded channels and formed river terraces. The Khabour Valley now
consists of three erosion terraces, dissected in the main plateau; they are usually separated from
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each other by a slight escarpment, although the valley as a whole gives a very level impression.
The soils of the different terraces do not greatly vary in their mechanical and chemical
composition. They have a rather high native fertility for, even though they are low in organic
matter, they have a reasonably high cation-exchange capacity, ranging from 13 to 35 m. e. per 100
grams of soil, and a water-holding capacity of about 30 to 50 percent.
Saline soils occur, but as far as we now know, all the soils with high electric conductivity
contain gypsum - hence, on reclamation, there is no danger of sodium clay formation - and often
salinity is due to CaCl2, a salt that is easily removed. Permeability, especially in the south where
the saline soils occur, is high without being excessive. Drainage is a problem only in very limited
areas.
Topography is sometimes a limitation for irrigability; more careful consideration must be
given to sloping land and especially to irregular surfaces than is necessary in countries where the
technique of levelling is more advanced. Much waste of irrigation water and many low yields are
due to improper levelling, even when the basin method of irrigation in small plots is used.
Besides shortcomings in farm management, one of the major inefficiencies lies in the operation
of the pumping units. One arrives at an incredibly low figure of 5-10 percent for the over-all
efficiency of a farm pumping station. Add to this the high cost of transport, limited skilled labour
and increasing land rents because of increased demands, and it becomes clear that irrigated
^.
agriculture is possible only with high prices of cotton.
For the appraisal of irrigability, standards of the Bureau of Reclamation have been used with
slight modifications to accord with local conditions. These modifications are meant for over-all
country use and are still subject to discussion and change. After surveying the three irrigation
projects in Western Syria, now in process of execution and covering almost the whole range of soils
and climatic conditions, one should arrive at more definite irrigability standards for the whole
country.
2.

The Khabour River

Ever since the Stone Age the borders of the Khabour River have attracted settlers. The
majority of its soils are good and are irrigable by simple means, while winter floods threaten only
the lowest river banks. For this reason, we find on both sides of the river a continuous string of
ancient sites, connected in antiquity by two highways. Along a distance of 250 km. from Ras el 'Ain
to Cheikh Ahmed, seventeen important fortified ancient towns are found, not to mention the few
hundred less important settlements.
Gravity irrigation was practised in antiquity wherever possible. The level country made it
necessary, however, to construct unusually long canals parallel to the river in order to irrigate by
gravity a relatively small area downstream, usually a wadi valley or, as at el Taff, a shallow
anticline filled with alluvium. From the airphotos it is easy to reconstruct these old irrigation
schemes, of which we find four big ones upstream from Cheikh Ahmed. Taking the total capacity
of these old canals into account, it is evident that all the summer water was utilized in those days.
The Khabour is a relatively small river. Its winter flow is said to be 350 m r / s e c . , its
summer debit 35 m 3 /sec. The river, still full of ancient weirs, cannot be used for shipping.
3.

Physiography of the River Banks

When the first Neolithic settlers came to populate the Khabour Valley, probably some 7,000
to 8,000 years ago, they found the landscape not very different from what it is now. It was a very
shallow valley, bordered by smooth plains, on which only the geologist or the irrigation engineer
of today can recognize a number of old river terraces. The river was then found at approximately
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the same place where it now flows. The lower terrace no doubt carried forest, but all the other
terraces were a steppe on which grasses and small shrubs grew.
From Ras el 'Ain to Hassetche, two erosion terraces are found in addition to the lowest
terrace in which the river flows today. The upper plateau consists of gravelly alluvial clays on a
generally gently rolling landscape; the middle terraces consist of level to slightly dissected
plains.
The soils of each of the terraces show a certain similarity all along the river.
Terrace I consists of uniform gray to brownish gray loams, all now irrigated and under
cultivation. These are by far the best soils, and they give the highest yields of cotton because of
their greater structure stability, friability and very good water-holding capacity. Small parts of the
gray soils are still flooded in winter and, in some exceptional years, a sudden rise of water level
may cause some damage to other parts of Terrace I soils.
Terrace n has soils of a much wider range of
calcareous alluvials to soils with gypseous subsoil,
high. Terrace II is often dissected by very shallow
valleys darker and better soils occur, very similar
Khabour Valley.

characteristics. They vary from brown
of which even salinity may sometimes be rather
valleys, which are mostly fossil wadis. In these
to the Terrace I soils, especially towards the

Until recently only Terrace I was cultivated, irrigated from norias and a few water diversions.
Recently a substantial portion of Terrace II has been brought under irrigation by motor-pumping.
On the latter Terrace, the following soils are found:
a.

On the plateau: deep, reddish brown clay loams.

b.

Along the slight wadi slopes and along the slight escarpment of the transition of Terrace n Terrace I: whitish, highly calcareous, sometimes gypseous soils. South of Hassetche,
notably near Aajaja, south of Chaddadeh, near Marqada, etc., this gypseous soil often
gives rise to CaCl« soils in irregular, but mostly quite extensive, areas when it appears
at or near the surface. These soils, which have a specific dark slippery surface, need
special treatment before they are productive.

c.

In the shallow wadi valleys: darker , heavier, less calcareous soils are found, similar to
those of Terrace I.

These three soil types cause quite irregular fertility and growth of cotton, although the land
usually looks very uniform and smooth at first sight.
All the ancient sites of habitation are found grouped along the escarpment of Terrace I-n.
These ruined sites often have irregular topography and white, highly calcareous soils in their
immediate surroundings. All along the Khabour they may be considered as useless for agriculture.
As we see, they occupy quite an important part of Terrace n.
The disadvantage of the rolling phase of Terrace IV is that the well developed highly calcareous
B layer is at the surface in many places. This results in poor cotton soil, but improvement through
proper management and organic fertilizers seems to be possible:
North of Hassetche in the valley of the Wadi Aouail, excellent soils are found belonging to
Terrace m. It is possible that some 4,000 to 5,000 ha. of this land can be irrigated in the near
future as an extension of the Tell Maghass canal.
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South of Hassetche, similar erosion terraces are found, but the upper plateau (Terrace IV in
the North) consists of lagoonal Miocene, either upper f ars or lower fars, and here and there
gravelly Pliocene, often encrusted by gypsum crystals or gypseous lime.
4.

Soils
(i)

laboratory Analysis

Mechanical Analysis. AU alluvial soils belong to the group of clays (40-50 percent <2 »t)
of the mineral parts. Coarse sand or fine sand > 50 /< is not present in any appreciable
quantity.
Calcium carbonate is high, varying from 20-40 percent.
Clay minerals have not been analyzed within the particular area, but from other soils
in the same belt with similar rainfall, topography and parent material. From the appearance
of the soil, it can be assumed that a mixture of montmorillonite, kaolinite and attapulgite is
present. This, with the high calcium carbonate, results in the non-cracking, non-self
mulching type of clay, the easy formation of surface crusts after wetting and the unstable
structure, unlike the clays of the high rainfall belt of Syria. The content of montmorillonite
appears to be rather higher in the Tell Maghass canal area than in the el Taff area. This is
suggested by the results of the infiltration tests.
pH varies between 8 and 8.5.
Humus is low, 1 to 2 percent.
Exchangeable bases are quite satisfactory, varying from:
13 m. e./l00 gr. on Terrace I
17
"
on Terrace II
25
"
on Terrace m
36
"
on Terrace IV
Calcium is dominant in the absorptive complex; sodium and magnesium both are low
(contrary to other areas in the Khabour Valley, to which reference will be made later.)
Soil Type and Salinity. Saline spots can be found on all soil types except Terrace IV.
On the alluvial soils (Terrace HI, H, I), however, salinity is much less common than on the
gypsum soils and occurs almost exclusively where saline gypsum subsoil outcrops. Hence,
on the alluvials we find salinity near the terrace escarpments and, especially on Terrace U,
near those places where calcareous subsoil outcrops, along slopes of wadi valleys, etc.
Salinity is most frequent on Terrace H, less on Terrace I and rare on Terrace HI.
Also, salinity decreases towards the higher rainfall area, but the picture is not quite
clear, because the gypseous soils are found predominantly in the area of lower rainfall.
North of the Khabour and Radd valleys, no salinity has been found in any of the alluvials.
The salts found in the alluvials clearly originate from other deposits and are moved over
some distance by surface or groundwater from elsewhere.
In the gypsum soils, on the other hand, salinity is very common and appears to occur
according to the salinity of the mineralized lagoonal beds. These lagoonal deposits are very
variable and extremely complicated. The lagoonal miocène should be considered as deposits
of a shallow sea into which several important rivers flowed. Most important among them was
the predecessor of the Khabour. This gives a picture of fresh river water deposits as well
as brackish and highly saline pockets. This was not a stable situation; for river courses
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lagoonal Miocene are found, therefore, sandstone, clay stone, limestone and conglomerates
as an apparently irregular mixture, with here and there, but not everywhere, mineralized beds.
The Khabour cuts into the lagoonal Miocene everywhere along its course from Ras el 'Ain
southwards. Salinity, therefore, is expected at certain places, as actually happens. Although
salt accumulations are bound to become less frequent towards the higher rainfall belt, saline
spots are found as far north as Manajeer, near Ras el 'Ain. Another area of marked salinity
is found just north-west of Hassetche, although here it seems that the salts originate from
Pliocene material.
As a whole, salinity occurs in an irregular pattern which cannot be mapped with sufficient
detail without analyzing a few thousand samples for water soluble salts. We are restricted,
therefore, to indicating the + 150 samples taken in the Khabour Valley on the 1:200,000 map.
This, of course, gives only a general impression of dangerous areas. Any future irrigation
scheme will require a detailed salinity survey.
(ii) Field Analysis
During the field work, infiltration rate, permeability and moisture holding capacity have
been determined in the field.
a.

Infiltration Rate

Definition: The rate at which the soil will absorb water ponded on the surface at a
shallow depth when the ponded area is extensive or when adequate precautions are taken
to minimize the effect of divergent flow at the borders.
Procedure: The cylinder method of Musgrave has been applied with a cylinder 35 cm.
in diameter and 40 cm. long. The cylinder was pressed vertically 20 cm. into the ground.
The head of water was kept at 20 cm.
After some trials with an outer ring, compared to the single cylinder, only the latter
method was applied because no appreciable difference was obtained.
Experiments were continued for 24 hours in each test. Another 12 to 24 hours later
the cylinder was taken out, a sample at 10 cm. depth taken for field capacity determination,
and, as a rule, a cross-section of the saturated area was dug out to control the subsoil
flow of water.
Results: The centimeter downward flow, as measured in the ring, plotted against
time gives a curve with a steep beginning that smooths out to a constant value during the
first 24 hours.
Great differences exist between different soils, but apparently not so much between
soil types as between local differences in structure, texture, etc.
Infiltration rate of the soils north of Hassetche (Tell Maghass canal) is usually very
much slower than in the el Taff region. In the first region it takes 1/2 - 10 hours or more
to infiltrate 10 cm. of water ponded on the surface; in the latter region not more than
20 minutes or half an hour.
Once the soil in the ring is wetted and percolates towards the subsoil,
the infiltration curve nears a straight line. Normally, this line can be considered as
equalling permeability (except for profiles with impervious subsoil, or with "suction" of
the subsoil, which has not occurred in any of the tests. )
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Permeabilities of the Tell Maghass soils amount from 2-4 cm./hr. of slope soils to
0.3-2 cm./hr. of valley soils.
In el Taff, these values are 5-11 cm./hr. to 6-10 cm./hr. in the valleys - thus
considerably, but not excessively, higher.
b.

Field Capacity

The retention of moisture was determined by drying and weighing of samples taken in
the infiltration tests 24 hours after the ponded water had drained away. For Tell Maghass
soils, field capacity varies between 20 percent and 35 percent. For el Taff, between
10 percent and 23 percent, except for the low Khabour terrace, which is around 30 percent
north of Hassetche.
This means that field capacity of all the soils, also those of el Taff, is very satisfactory
and much higher than is generally assumed.
Plant-available moisture can be considered to be about half the field capacity.
5.

Consumptive, Use and Present Irrigations
(i) Definition of Consumptive Use 1/
Consumptive use is the water used by plants in transpiration and growth, plus water vapour
loss from adjacent soil or from intercepted precipitation in any specified time (evapotranspiration. )
The consumptive use is irrespective of soil characteristics like texture, structure, depth.
These influences may be compensated by. irrigation practices and soil management. They do
not influence total evapo-transpiration **.
For reasons which will be explained later, optimum irrigation and soil management
practices are not likely soon to be obtained in the Jezireh. Nevertheless, improvement may
proceed fairly rapidly.
(ii) Theoretical W^-ter
The consumptive use of a crop (evapo-transpiration) can be computed with fair
approximation with the Blaney-Griddle formula:
U = KF =£kf.
U = consumptive use of crop
f = monthly consumptive use factor, which is the product of the mean monthly temperature (t)
and the monthly percent of daytime hours of the year (p)
k = a coefficient, which for cotton is experimentally found to be 0.65.

1/

From U. S. D. A. Handbook No. 60 : Diagnosis and Improvement of Saline and Alkali Soils.

2/

See, however, note 1 on p.
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For Hassetche this is:

Mean Monthly Temperature

May

June

July

.Aög»

Sept.

68

77
9. 8 3

86

9.99

86
9 .40

77
7 .57

7 .57

8.59

8. 0 8

7 .57

r 36ON 9.81
:

f = 6.65
F = 38,46
K - 0.65
U

z

25"

=

62. 5 cm. or 0. 5 L/sec/ha.

In the month of peak evaporation, July, the consumptive use is:
u

:

kf = 0.65 x 8,59

=

5.6" or 14 cm.

or 0.6 L/sec/ha.

(iii) Tflgfll Trrigation Practices
The ideal irrigation should bring 0.6 m. of soil to field capacity, which needs for a soil
with 40 vol. percentage field capacity:
(0.4 x 0.5) x 60 : 12 cm. of water, provided thatthe whole upper 60 cm. had dried out to near
the permanent wilting point. At the beginning of the growing period this amount is enough for
5 weeks; in July for 3 1/2 weeks.
The time required to infiltrate the soil with 12 cms. of water is very variable. For
compact soils with poor structure, this may take as long as 12 to 16 hours; for better soils,
about 4-6 hours.
The next chapter will show how these conclusions accord with practice.
From them, it may be seen that the 0.5 L/sec/ha. allotment of the Irrigation Service is
based on sound theoretical considerations, although too low during July and August, the months
of peak evaporation.
In practice, however, not more than 1/3 of the allotted area is planted. This means that
at present about 1.5 L/sec/ha. is used on the farm!
How can such a remarkable difference be explained?
6.

Present Irrigations

Between Hassetche and Ras el 'Ain, 498 water lifting devices are found, of which 77 are water
wheels and 421 are motor pumping units. Twenty farmers use their Caterpillar and Fordson tractors
for lifting water in summer.
The total area commanded by irrigation canals, including the gravity canals of Tell Maghass,
Taban, Saba Skour and Ras el 'Ain, amounts to 40,000 ha. (planimetered from map.) The area
actually under cotton in 1954, as planimetered from the photomosaics, is not more than 13,000 ha.,
of which about 12,000 ha. are irrigated by motor pumps, from a total of 35,000 ha. net.
The most important pumping stations are in the area of Ras el 'Ain, where several really big
enterprises exist. Most stations, however, are small.
Ten to twenty ha. is the most frequent sized cotton farm, with twenty to forty hectare farms
following. Farms of more than 70 ha. cotton are rare. The average size of a farm is 25 ha. cotton.
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(i) Efficiency of Pumping Units
The 421 motor engine pumping units comprise a total of 21,000 h.p. Theoretically, it is
computed that these 21,000 h.p. should lift 130 mVsec. water. For 50 percent reserve power
installed, this becomes 2/3 x 130 = 90 m3/sec. In reality, however, only 12,000 ha. are
irrigated at an average rate of 1.5 L/sec/ha. (see below) or a total of about 18 mVsec. is
lifted. It follows that the individual pumping units along the Khabour are working at about
20 percent efficiency.
(ii) Efficiency of Water Use on the Farm
Once the water is brought on the land, many losses occur through:
a.

Leaks and inefficient lay-out of canals. The proper lay-out of canals is often only
very superficially studied. They are never lined with concrete (with only a few
exceptions), although, as a rule, kerosene barrels are used for aqueducts. Canals,
therefore, must often be reconstructed.

b.

Too many superficial irrigations. From the time of thinning, cotton is irrigated on
an average of every 12 days (varying from 8-16 days.) This now appears to be
entirely contrary to the physical properties of the soils, even of the lighter soils south
of Hassetche. Irrigations usually wet the soil to a depth of only 30 cm. Thus no use
is made of the capacity of the subsoil to store plant-available moisture (10-20 percent. )
If the land is irrigated to a depth of 60-70 cm., enough moisture should be available
for the cotton crop for a period of 4-6 weeks, depending on the temperature 1/.

c.

No cultivation of the soil in between the irrigations is carried out. This permits
formation of superficial hard crusts, which hinders the growth of crops, and cracking,
which accelerates drying out. On lower lands, absence of cultivation permits weeds to
develop luxuriously, sometimes even overgrowing the cotton crop.

(iii) Yield Level
How much is the Jezireh farmer now producing per hectare on the Khabour soils with an
average of 1. 5 L/sec/ha. irrigation water available?
From yield checks, estimates in the field and statistical figures, we can be sure that the
average yields of the Khabour soils are not higher than 800 to 900 kg. lint and seed per
hectare «/.
With reasonably good management and possibly slight chemical amendments, it will
certainly be possible to produce easily 1,500 to 2,000 kg./ha.
What are the deficiencies that cause these yield depressions? Most of them have nothing
to do with soil fertility; the often expressed opinion of yield decrease due to soil depletion,
accelerated by monoculture, cannot be accepted. Yield depressions are related to shortcomings in management.
1/ Great differences in their need for water appear to exist between soils, apparently due to soil
structure. Soils with more compact structure (and surface crust formation !) need water more
often than soils with better and more stable structure. We have tried, but have not been able,
to study this problem more quantitatively.
2/ More accurate figures have been obtained from a number of farms. These yields ranged from
1,200 to 1,500 kg./ha. These were far above the average.

- 43 -

The farms along the Khabour are the most expensive type of irrigation farming in Syria.
This is due partly to the type of crops grown (cereals and cotton), but largely to shortcomings
in management. Cereals are just too slow to be followed by cotton in the same year. Thus,
after a cereal, there is a full year of fallow. Much of the cotton is late in the Jezireh, and
in this case the farmer has no time to prepare and seed the land for cereals in the same year
after a cotton crop. Thus follows another full year of fallow after the cotton.
Many farmers find a solution in continuous cotton growing, expecially on easily irrigable
lowlands. In the long run, however, not many of them would be enthusiastic about this.
(iv) Preparation of Seedbed
Preparation of the seedbed is often neglected. This results in poor germination and
irregular development of the young cotton plants.
A popular method is to plough the land in autumn, leave it in spring and plant the cotton
straight in this land. The Bedouins near the river sometimes even broadcast the seed, but
usually furrows are made by a cultivator or by hand. The seed is then put by hand in the
(often hard) soil. On Terrace I this often gives very satisfactory results. It is cheap, and
no soil moisture is lost by ploughing. On Terrace II and other soils, however, it does not
work.
Furrowing is seldom accurately carried out.
(v) Planting Methods
Planting methods are improving very rapidly, but are still often deficient (e.g.,
irregularity, and at the bottom of furrows instead of on the sides.)
(vi) Irrigation Methods
Another unfavourable practice is the habit of irrigating for the first time at thinning,
which is often about 40 days after planting. Depending on the temperature and spring rain,
which vary from year to year, a light irrigation at planting time is desirable. Although the
soil contains moisture at this time of the year, it may be beyond the reach of the roots of the
fragile young cotton plants. Growth of cotton is often remarkably slow in early summer.
Later on, when the plants are stronger, one irrigates every 8-14 days.
Most detrimental, however, is the irregular germination of the seed in a dry seedbed.
One often has to reseed, which causes late cotton and extra labour.
Light or heavy irrigations during the later growing period probably do not affect the yield
very much, but it is very important to irrigate regularly. Canals and pumping plants often
break down at critical moments and cause growth stagnation during the hottest months.
(vii)
Most of the Terrace n , El and IV lands have slight gradients. Although the basin method
of irrigation is applied, levelling remains very important.
The usual picture is that the irrigation plots which are not level are irregularly irrigated.
At the higher side, the plants disappear because water did not have sufficient time to penetrate
the soil, while, at the lower end, part of the water is lost because it penetrates the profile
to depths below the root system. In itself this seldom harms the crop, and plants at the lower
end are usually very well developed. In some places, especially where abundant water is
combined with deep, loose, friable soil (but, still more, along leakage zones of main canals,
etc.), vegetative growth becomes too luxurious.
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On soils with low structure stability, easy surface, crust formation and slow infiltration
(most of the Terrace II, m and IV soils), the furrows at the lower end of the plots disappear,
plants cannot develop in the surface crust and, as a rule, only the lower middle part of the
basin shows satisfactory development.
Differences of only 5-10 cm. between the higher and lower ends of the plot may cause
these features.
The deficiencies are clearly all due to lack of skilled labour, experience and supervision,
but many farmers in the Jezireh are rapidly gaining experience.
7.

Appyajflfll QI jtrrigabiiifiy. Oe.ne.rfll StanHflrd.8.

The U.S. Bureau of Reclamation subdivides the lands into six irrigability classes. Classes 1,
2 and 3 are arable; Classes 4 and 5 have a serious deficiency, but may be improved; Class 6 is nonarable.
The Manual of the Bureau of Reclamation leaves enough room for regional modifications of the
irrigability classes within the six main classes. The standards presented here are set up especially
for the Tell Maghass canal and el Taff projects, but with a view to fitting them into a general system
valuable also for Western Syria (Mzerib, Damascus, Horns, Lattakia schemes) and the soils of the
Euphrates and the lower Khabour.
The main irrigability classes of the Bureau of Reclamation are modified to accord with a
judgement made after several years of observations on private farms. The modifications are
concerned with the regional character of the soils of Syria. They are related to:
Structure (self-mulching vs. surface crusts);
Calcareous and gypseous subsoil;
Surface (levelling; not the same means of levelling and the same care.)
For the Khabour Valley, no Class 1 lands have been recognized, because of low organic
matter, high to very high lime, unstable structure and easy crust formation of even the best soils.
The gray lowlands (Terrace I) and the valleys of Terrace II are the best. They are usually
classified as Class 2.
The middle Classes 3 and 4 are due to depth of white calcareous and/or gypseous horizons
and to topography. Both characteristics are often interrelated.
Non-arable lands are considered steep-irregular surfaces; conglomerates of the upper terrace
at the surface and few highly saline basins.
The standards are given in the form of a table.

Table 2: MINIMUM STANDARDS LAND CLASSIFICATION FOR IRRIGATION: TELL MAGHASS AND EL TAFF PROJECTS,
1956
Land Characteristics
SOIL
Texture
Structure -1/

Class 1
Arable

Sandy loam or
heavier
Self-Mulching

Class 2
Arable

Class 3
Arable

Unstable
aggregates,
surface crusts

-

Class 4
Limited
Arable

-

Plant avail. Water in upper
60 cm. (= 1/2 field capacity)

5 cm.

Depth to rock, conglomerate,
calcareous pan

100 cm. or
more

100 cm. or
more

50 cm. or
more

50 cm. or
more

Depth to soft calcium carbonate or gypseous subsoil

100 cm. or
more

100 cm. or
more

50 cm. or
more

25 cm. or
more

9 or less

-

-

-

pH (Alkalinity)
Salinity
Total Salts
Conductivity
Permeability
Base exchange capacity
TOPOGRAPHY
Slope 2/

0.2 percent
4 millimhos/
cm.
1 cm/hr

-

0.5 percent
8 millimhos/
cm.
-

0.5 percent
15 millimhos/
cm.

0.5 percent

Salt Basins

1 R TnilHtKilinfi/

cm.

-

-

8 m . e . / l 0 0 gr.
soU
2 percent
No levelling

Cover (Boulders)

No boulders

DRAINAGE

No drainage
required

2/

25 cm.

en

Surface &

1/

Non-Arable
Class 6

3 percent

5 percent

5 percent,
irregular

Small amount
of levelling

Much
Moderate amount
of levelling
levelling required

Some drainage
required

Extensive drainage
Significant
drainage required required but feasible

5 percent,
irregular
Large amount
of levelling
Flooded in
winter

CaCOo is not an item in the minimum standards, although the non-cracking types of clays are often high in CaCO3;
low CaCO, soils, however, may have poor structure.
Refer to present techniques; if, e . g . , feasible sprinkling methods will be worked out, these limitations do not count any more.

i
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8.

(i) Water Duty
The Euphrates Project Administration is faced with the responsibility of deciding what
amount of water shall be allotted to each hectare of irrigated land in a newly developed
irrigation scheme.
Water duty, as has been pointed out before, has primarily little to do with the properties
of the different soils. Based solely on good farming practices (which, except for coarse sands
and saline soils, is believed to be sound), water duty depends on what crops will be grown in
the next 25 or 50 years. This, in turn, depends on world economy as well as on local
developments. In other words, the question is: How intensively will this area be farmed?
At present, under extensive irrigation farming, with an average of one cotton crop in three
years and two-thirds of the land under summer fallow, 0.5 L/sec/ha. north of Hassetche and
0.6 L/sec/ha. south of Hassetche of the commanded area seems to be sufficient.
run.

Many farmers go in for continuous cotton at present, but this seems hazardous in the long
In that case, however, 1.2-1.5 L/sec/ha. are needed.

If fat lamb raising is introduced on the farm (and, if so, how intensive - 5, 10 or 20 sheep/
ha. ?), in rotation with cotton, rice, linseed, as in New South Wales, Australia, under similar
conditions a different water budget (0.8-1.0 L/sec/ha. ) will be needed.
Whatever may be the economic and social future of the Jezireh, or its growth in population,
it is certain that the irrigations with 0.5 L/sec/ha. will remain extensive.
On the other hand, it is not necessary to look so far ahead as to design a farming system
as intensive as the fruit and vegetable gardens of Damascus, where more than 1 L/sec/ha. are
used. It would be wise to search for a middle way, reasonably intensive, with, say, half to
two-thirds of the commanded area in summer crops. With efficient use of water on the area
north of Hassikki, a water duty of around 0.6 L/sec/ha. would be needed. This, it is
suggested, is necessary for the future, and allows sufficient room for considerable
improvement and intensification.
(ii) Irrigation Practices

••

The custom of light irrigations, from the time of thinning right through September and
without any soil cultivation after irrigations, seems to be responsible for a great loss of
irrigation water through evaporation. Retention capacity of plant-available water in all
Khabour soils, and also the lighter soils south of Hassetche, is high enough to allow 5-6 weeks
moisture storage in the subsoil during the growing season. On the other hand, irrigation should
start in most years at the time of seeding, in order to provide quick and sure germination and
early growth. Many farmers wait too long before irrigating their cotton for the first time.
(iii) Crop Rotations
Crop rotations are not the sole answer to better farming; nor are they essential in
avoiding depletion of the soil. They are, however, a necessary fraction of the complex set
of measures that lead to better farming. Any system of crop rotation makes farming more
complex and often brings less immediate returns.
Improvements in engineering (economic functioning of pumping plant, proper lay-out and
maintenance of canals), irrigation methods and soil tillage before planting and during the
growing period are of greater immediate urgency than fertilizers and crop rotations..
In reality, however, the obstacles to better farming, including the problems of crop rotation,
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are attacked simultaneously by keen and progressive farmers.
Improvement of structure stability is not an easy matter for the Khabour soils. Meanwhile, as long as it is not possible to shift to irrigated pasture in the rotation, there are two
suggestions. One could be applied on a general scale, and the other on a very limited scale.
a.

Barley-Cotton Rotation

Barley (or better,barley-vetch mixture) could be used as green manure, ploughed
under three to four weeks before the cotton is planted. Thus:
Jan

Feb

Mar

Apr

Turn
under
barley.

May
Prepare
seedbed
cotton.

Jun

Jul

Aug Sept Oct Nov
Dec
Harvest Irri- Plant Irricotton. gate Barley gate (?)

The cost is only the seed of the barley, the planting, and one or two extra irrigations
in autumn in order to have early development of the barley. Chemical fertilizers would
be needed to some extent. Altogether, the extra cost would be about Syr. £ 100 per
hectare. Here the intention is to grow cotton every year on the same land. Preparing
the seedbed for cotton may be done with a heavy duty cultivator. The ploughing under of
the barley should be carried out in March, as far as weather conditions permit, with a
disc plough.
The barley-cotton rotation should be considered as a transitory stage towards mixed
irrigated farming. The advantage is that it promises real improvement with little effort
and with materials which are all available on the farm. The greatest disadvantage is that
irrigation must start two or three weeks earlier than normal, because of moisture losses
as a result of ploughing.
b.

Rice-Cotton Rotation

Sawah rice is a formidable soil improver, especially for soils low in organic matter.
In some high-producing areas of the tropics, rice in the rotation is considered necessary
in rotation with sugar cane to maintain yields.
But also in the sub-tropics, e.g. in New South Wales, rice is grown and even utilized
as an improver of marginal land: "It leaves the land more friable and is now the means
of utilizing profitably much of the once unwanted land of the area" (for other crops. )
Sawah rice, however, can be grown only on soils with limited underdrainage;
otherwise, too much irrigation water is lost. This means, in general, only on the lowlands
of Terrace I and Terrace n.
Extra nitrogen may have to be given if rice is used in the rotation.
A suggested crop rotation: (Water duty, 1 L/sec/ha. )
Summer Winter
Summer Winter
Rice
Cotton
(Eventually three years of
cotton )

Summer Winter
Summer Winter
Cotton
Wheat
Fallow
(200 kg. superphosphate/ha. )

Summer
Rice
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In the long run, a better suggestion for improving the structure of other soils, however difficult it may be to realize, would be to insert three or four years of irrigated
pasture for fat lamb raising in the rotation, once in six to eight years. This practice would
also require 1 L/sec/ha. of irrigation water.
For comparison, a short-term rotation is given here. It is successful in New South
Wales, but it could only be applied along the Khabour on a limited scale.
Rice

Winter Fallow

Wheat Short Fallow
Oats
Linseed

D.

Winter Legume Short Fallow
Barley-vetch
Peas
grazed

Rice

LAND SETTLEMENT

Settlement of landless farmers on State land has been discussed for many years. The success
of a settlement scheme depends on three items: (a) the production level of the soil; (b) the
availability of qualified farmers; and (c) the technical execution of the scheme.
Settling vegetable growers from the Damascus Ghouta would call for designs different from
those, for example, settling the marginal olive growers of the Alawye mountains. Again farming
methods differ from those of the desert nomads. Any government-sponsored settlement scheme
would postulate a reasonable and secured standard of living, alike for the nomad, the small wheat
farmer and vegetable and fruit grower.
1.

ProductionLevel of Soils under Dry Farmine

In 1954, a normal year, it was measured that yields per hectare of wheat in Jezireh varied
from 500 to 1,500 kg. Although not measured, similar variations have been observed for barley.
This is true not only in Jezireh, but throughout the whole country. Good land produces three times
as much as marginal land.
The custom of expressing the yield in unit of land surface is new to Syria and not yet common.
The yield is expressed in ratio to the seed. This is comprehensible under the system of subsistence
farming. There no capital is involved, labour is not assessed, and the only important items in farming
are seed and yield.
Under modern farming, on the other hand, it is the use of machinery, working hours,
depreciation of equipment, skilled labour, etc. which are assessed, and there the cultivated surface
comes into the picture. In modern farming, production cost is expressed in work hours (of man and/
or machines), or cost per hectare, which is similar. In Jezireh, production cost of planting,
harvesting and preparing one hectare of wheat is about Syr. £ 140; it is the same on good or poor land.
Table 3: Economic Relation of Yield per Hectare

Production
Price
Total output
Profit or loss

Good Land

Average Land

1,500 kg.
14 p.

1,000 kg.
14 p.

210 Syr.£
+70 Syr.£

140 Syr.£
0 Syr.£

Poor Land
800 kg.
14 p.
112 Syr.£
-28 Syr.£

of wheat
per kg.

- 49 Table 3 shows the importance of yield per hectare. In mechanized farming, it means profit
or loss. The subsistence farmer can lose nothing but his unassessed labour. He can be seen
planting land which never produces more than 500 kg. per hectare. Such land could never be farmed
with machines.
The average yield of the 1954 wheat crop in Jezireh can be estimated at 1,000 kg. per hectare.
This means that, as a whole, no profit has been made. It also means that, with current prices and
at the present production level, further development of the land cannot be expected. This is also
true of subsistence farming districts, which cannnot be developed without help from outside.
This shows the importance of the production level of the land per hectare for further national
development. If no profit is made on the individual farm, further improvement cannot be expected.
2.

Contraction and Expansion of the Sown Areas

Though simple, the previous table is very important. It shows clearly that profit or loss
depends entirely on the price the farmer gets for his wheat. On the other hand, it shows that the
price determines which land can still be sown profitably. When prices are low, only the best soils
can be sown. In 1954, wheat on third-class wheat land made no profit; with high prices, however,
even marginal land may profitably be sown with wheat.
Thus, in marginal cereal farming, one arrives at a picture of contraction and expansion of
sown areas in accordance with the world market price. It means that the farmer must be able to
contract the sown area and to fall back on better land when prices are low; he must be able to expand
when prices are high. This system means that most of the land is farmed on a temporary basis, so
that a farmer can leave part of it without losing investments. The climate is so favourable for
cereals that, in an emergency, large areas can be cultivated, planted and harvested with a minimum
of machines.
On the other hand, the right policy is to farm the productive land permanently. This can be done
by combining wheat with sheep farming. In times of recessions of the sown areas, sheep raising
may increase, and vice versa.
Another problem is the weather risk under dry farming conditions. This is well illustrated by
the rainfall curve of Hassetche. The crop cuttings of 1954 and 1955 gave the impression that, for
the marginal belt, a rainfall of 300 mm. would be required to produce a crop. The rainfall curve,
however, shows that the marginal belt suffers crop failure every other year and that the middle
belt is likely to have a crop failure once in every four or five years.
Under these conditions, no prosperous farming by settlers can be expected.
Going from the high rainfall belt in the north-east towards the dry zone in the south, future
land-use may result in a zone of permanently sown land in the high rainfall belt, a zone of
non-cultivated or grazing land in the low rainfall belt, and a zone of semi-permanent cultivated land
in between. "Semi-permanent" means that although all the land will be regularly ploughed, varying
areas will be planted each year. The rest of the land is left fallow, and/or used for grazing. The
amount depends on market prices and other economic conditions.
This principle of semi-permanent cultivation is also expressed, for instance, in the old
Turkish deeds. They indicate a certain area in between more or less fixed boundaries of a much
larger area. This means that the owner was free to choose each year the best piece of land - in its
way a kind of shifting cultivation.
As economic conditions improve through mechanization, better transport, marketing facilities,
etc., the comparative area of semi-permanent cultivated land will be reduced. Along the fringe of
the desert, however, there will always be a zone of marginal land.
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3.

Sftfflgnflgflt on Irrigated flnd
The future areas of irrigation of any importance will be confined to the Khabour Valley.

The best lands are in the low valley bottom, which are , however, mostly occupied. Farming
is extensive, though it can be greatly intensified.
Soils of the higher terraces are not as fertile and as easy to handle as the lower ones, but many
of the Terrace II soils come into the second class of irrigability and must be considered to be very
suitable for settlement. This is especially true in the Government irrigation schemes of Hassetche
and el Taff.

ILLUSTRATIONSi

JEZIREH

Photo 1. Puddled surface
during a shower. Water stays
ponded in t r a c t o r t r a i l s for
hours.

Photo 2. J e z i r e h . Heavy
evaporation of f i r s t raine "because
of high s o i l temperature. I t has
been measured in 1954-57 t h a t
around Hassikki 50^ of the
p r e c i p i t a t i o n evaporates without
penetrating the s o i l .

Photo 3. This ia v i r g i n land,
plowed t h i s s p r i n g ; i t w i l l "be
sown next autumn. With such poor
workmanship, no wheat nor "barley
w i l l grow, no matter what the
rainfall is.

fhoto 4. Hiis is the crop one
caa expect on land prepared as
in Hioto 3. The unweathered,
old soil can be seen through
the meager crop. Results A
yield of a few hundred kilograms
per hectare.

Rioto 5. On the fallow land
in the Reddish Brown helt,
large quantities of annual
grasses immediately appear»
mostly BromuB tectorum. 'Riis,
of course, yields quite a hit
of organic matter to he turned
under. However, turned under
like this, the land will give
a poor yield.
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fhoto 6. Another example of
poor land preparation. White
tapes are trails of caterpillar.

Rioto_7. Irregular growth of
Haurani wheat due to poor soil
structure caused "by poor land
preparation. Soil surveyor on
the right is standing on an old
tractor t r a i l .
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Fhoto 8. Well-prepared land;
regular, not too coarse, not
too fine. This ie promising
land for next year.

fhoto 9. Regular stand of
Haurani wheat on well-prepared
and good land (Khabour terrace
of Has e l Ain).

II

Photo 10. General view of f i e l d
of Arab! barley with foxholes ( o l d ) .
This ie a very common view, to be
seen everywhere in the region.

Rioto 11. Fallow land in the
300 mm rainfall zone.

Rioto 12. Fallow land in the
35O-4OO mm rainfall zone.
Heavily oracking clay fluffy
in winter.

Rioto 13* Native vegetation on
gypeum soil (250-300 mm r a i n f a l l ) ,
Achillea membranacea oonferta.
Dark patch, in back is micro basin
with more topeoil and abundant
growth of Bromua^ tectorum. In
front, old foxhole with Hordeum
murinum (very specific indicator
for good gypsum s o i l s ) . All the
gypsum soils of Northern Syria,
which are cultivated now, had
this appearance up u n t i l only a
few years ago.
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Rioto 14. Florence Aurore wheat
on more friable, flat land
(Terrace IV near Mabrouke, Jezireh),
Roots are veil developed; just at
right side of the picture a
caterpillar t r a i l from spring
plowing with poor wheat.

Rioto 15. Arabi barley on
ooapact "subsoil" on very slight
slope. Very poor root development.
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Photo 16. Field with 40 cm.
"degypsified topsoil." Still
drought susceptible land, with
insufficient root development.

Rioto 17. Deep "degypeified" top
layer, friable soil, good structure,
suitable soil for wheat as well as
for barley. Thié type of land can
be found in broader valleys and
basins and on some of the Khabour
terraces, where usually mixed with
material of alluvial origin.

Photo 18. Irregular germination of
cotton caused by poor preparation
of seedbed. Results a veryirregular orop.

Hxoto 19. The self-mulching, cracking
type of clay (not found in the
Khabour Valley area).

Rioto 20. The non-self-mulching
type of clay, with very unstable soil
structure, surface crust formation,
etc. Very common in the Khabour
Valley area.

Rioto 21.
Khabour River Terrace I
(low terrace) near Tell Fadrhami.
Irregular patchee of land irrigated
ty primitive constructions, by
local half-settled Bedouin -population,
Summer Cropsi cotton and corn. Winter
cropsi wheat and barley. This
Terrace I gives good yields as a rule
even under poor farming praotioes,
contrary to Terrace I I .

Photo 22. Basin method of
irrigation on Blightly sloping land.
Cotton planted sideways on furrow
ridges. Now cracking, surface crust
forming Ehabour clay.

Photo 23- Main canal of private
pumping scheme. Layout and
maintenance of many of these canals
can be improved. There ia usually
a very great IOBB of water through
seepage, especially on gypsum
s o i l s . This seepage water is
damaging the neighboring lands at
some places by salt accumulations
and at others by too strong
vegetative growth of cotton.
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Rioto 24. Khabour. Bucket bhain
irrigating the low terraoe.

Photo 25. Khabour. ITaoura
irrigating the low terrace.

Photo 26. Khabour. Diesel engine
irrigating the middle terrace.
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SOIL ASSOCIATIONS OF THE BASIN OF DAMASCUS AND
ITS SURROUNDINGS
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The Basin of Damascus is by far the most important closed drainage basin of Syria. This
importance is primarily due to the fact that 350 million cu. mt. of surface water of excellent quality
and an unknown quantity of subterranean water flow from the nearby Anti-Lebanon mountains and foothills into the basin yearly. This natural wealth gave rise to a fairly complex type of agriculture
which certainly goes back to very remote times.
Damascus has long been the famous city at the fringe of the desert because of its abundance of
water. The surrounding Ghouta was a miracle in Syria, described in songs and prose for its wealth
of trees, flowers and fruits in the middle of bare mountains and desert plains. It is one of the most
densely populated areas; apart from Damascus itself, which has 345,000 inhabitants, there are about
200,000 inhabitants living in the area, which means 1 person per hectare (100 per square kilometre;
average of Syria, 18 per square kilometre. ) Here agriculture is the most intensive to be found in
the country.
Intensive agriculture in Syria means summer crops. Summer crops mean irrigation; hence,
intensive agriculture is directly related to the amount of irrigation water available.
Land use in the Ghouta, however, is not intensive in the Western European sense. There is
still too much subsistence farming (wheat and barley), and too few cash crops are grown. The
average income of one hectare of land in the most intensive part of the Ghouta -1/ around Damascus
is worth something like 600-1,000 Syrian pounds; in the Merj, about 400-500 Syrian pounds. It is
remarkable that the crop which gives the highest return should be the poplar tree, of which the area
is estimated at 600 hectares. Next come crops like hemp and vegetables. Fruit of the Ghouta is
very well-known, but the trees are usually neglected. Olives bearing every other year, walnuts and
apricots (which suffer from frost damage in many years) and only trees which need little care are
grown here.
How long agriculture has been on this level is difficult to say; we consider it Greek in origin.
It cannot be much older because it is related to the artificial river system, derived from Barada
river. The irrigation system is extremely complicated and has been described in a pre-war
publication 2/.
The Merj is quite a different country. It has a remarkable land use history. In pre-Greek
times, it was intensively farmed by small landholders. After construction of the irrigation canals
derived from Barada, the people apparently moved to the higher grounds and the Merj became more
or less neglected. In Greek-Roman times, it was occupied by landlords. Afterwards, the country
fell to the bedouins, who made settled agriculture practically impossible. In recent years, this
country is again developing along the former Greek-Roman Unes.
Originally the garden soils of the Ghouta itself were not very fertile. They belong to a 10-20
km. wide strip of gravelly alluvial deposits washed down from the mountains. Those gravelly deposits
were heavily encrusted during the last Quaternary Pluvial epoch. Shallow soils with cemented subsoil
are still found in many places; for instance, in the region of Dumar, Berzeh and Daraya. During the
centuries, however, the crusts were nearly all removed or broken by terracing.
The outskirts of the Ghouta consist of a loamy Reddish Brown soil which is more or less typical
of the group of Reddish Brown soils found along the fringe of the semi-desert from Hauran to Jezirah.
The Merj itself is a groundwater soil, usually grayish in colour and very high in calcium
carbonate. As in all basins, saline soils are found here and there. They are mostly concentrated in
the northern and eastern parts of the basin.
1/
2/

The Ghouta is the name given to the immediate surroundings of Damascus town; the Merj is the
flat centre part of the basin.
Tresse: The irrigation of the Ghouta of Damascus.
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The western and northern hills which surround the basin consist of limestone and chalks; the
hills are of no interest from the soils point of view because they are completely bare and eroded.
Between the hills are plains of gravelly alluvial, also of little importance. The soil is usually stony
and the subsoil cemented. The only agriculture to be found in these places is in small valleys where
young alluvial deeper soils occur. There, we find grapes and figs. Every little patch of soil in the
hills is cultivated, and the local population has adapted very well the use of the land to the conditions
of the soil.
In summary, the elements of the landscape are: limestone hills; mountain plains (Sahls);
wadis (valleys); terraced alluvial fans; the Reddish Brown region; the Merj; and the badlands in the
centre of the drainage basin. The landscapes are discussed in some detail in A. 3. Landscapes, Soil
Associations and Crops, and a Soil Association map is provided with this report.
A.
1.

GENERAL

Climate

The Basin of Damascus is situated just at the northern fringe of the rain pocket of Hauran.
From south to north and from west to east, rainfall is decreasing fairly rapidly. The average is
225 mm. in the centre of the Basin, and it varies from 150 mm. in dry years to 350 mm. in wet
years. All the rain is concentrated in the winter months.
Although winter temperature is well above the freezing point, might frosts are not uncommon
until May, sometimes destroying the apricot blossoms (as, for instance, in 1952. ) Summer
temperatures are seldom higher than 35° C., but nights are usually cool, which is partly caused by
the elevation. Tresse has pointed out that the air humidity changes tremendously between the
morning hours and the afternoon. At mid-day, it is usually not more than 3 percent, but immediately
after sunset it may go up as high as 70 percent, which stays until late in the morning (important
observation for cotton growers. ) The high humidity during the night and morning may be a reason
why more night frosts do not occur.
Wind is often considered as a limitation for fruit growing, but damage caused by wind on soils
or crops has not been seen.
2.

Geology
The area has four important geophysical elements:

I. mountain ridges and sahls surrounding the basin to the west and north;
n. basalts surrounding the basin to the south and east;
HI. alluvial fans which form a 15 km. wide strip to the east of the mountain ridges;
IV. lacustrine deposits which form the center of the basin.
The sahls are rolling, egg-shaped mountain plains which have been formed between the
southwest-northeast mountain ridges. This area has been described by L. Dubertret for the
geological map of Zebedani A/. The basalts in the south consist of severely eroded Tertiary flows,
which may be the oldest in the country. The basin, consisting of alluvial fans and lacustrine deposits,
is extremely complex in its formation. The alternating decrease and increase of the original
quaternary lake with related deposits should make it possible to reconstruct the main climatical
changes during the quaternary epoch. A number of deep borings, which have not been carried out,
would be needed. For the moment, not much more than the latest phase is known. The alluvial fans
found at the surface should be considered as having been formed during the latest pluvial period
of the ice age. At that time, the western border of the lake must have been somewhere around
10 km. east of the present site of Damascus, which means at about 680 metres altitude.
1/

L. Dubertret: Feuille de Zebdani 1:50,000.
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The fans of Damascus and Dmeir are the most important, but there are many smaller ones,
some of them (for example, the fan of Barze) superimposed on the larger.
After shrinkage of the diluvial lake, the Barada cut its bed in its own fan. This is the
escarpment found in the town of Damascus on both sides of the river; for example, along the Beirut
road and near the University.
The recent riverbed is cut through the cemented hardcrust, which indicates that this crust
formation is certainly diluvial.
A complication is the fact that the same lacustrine deposits go west of Kissoueh as high as
720 metres. It is possible that this area had since been uplifted.
The soil of the center of the Basin consists of very calcareous compact clay, which is also
seen in many other closed drainage basins. There are some saline areas, but they are located
mostly in the north-eastern part. These salts apparently originate from the gypseous eocene
formations in the Jabal Charqui.
3.

Landscapes. Soil Associations and Crops
Three landscapes can be distinguished. They follow broadly the main geological pattern:
I.

Foot hills of the Anti-Lebanon with sahls and wadi vallevs
In this landscape, there are 3 different soil associations:

a. Lithosols of the limestone and basalt hills;
b. Sahls soils;
c. Wadi valley soils.
Not much can be said about the soils of the hills. More than 90 percent consist of bare
rock, and only some thin soils are found in small valleys and on slopes. The crops consist mainly of
poor wheat, barley and lentils.
The sahls usually have a relatively smooth topography. In this area, only a few of them occur;
namely, Shal Sahra, Sahl ed Drej and Sahl Deir Tahtani. Most of the soils consist of shallow profiles
underlain by thick encrusted gravel or chalk layers. On them a meagre crop of wheat or barley is
grown, but most of it is poor grazing land. In a number of places, however, deeper soils are found:
in valleys where the top soil accumulated; in deeper valleys which cut through the crust; and on loose
material which accumulated by gravity along the steeper slopes.
Here there is usually some fruit culture; figs and grapes. Here and there a few olives are
grown, but on the higher elevations the risk of night frost is too high. Apparently, the fig has less
demand on the soil than the grapes. The grape cultivation in the mountains is a very simple one.
The branches are laid on the ground in almost a horizontal direction. This requires a minimum of
labour, but it is only possible if the air and the soil are extremely dry; otherwise, there is too much
mildew as well as other diseases.
The third soil association is found in the steep gorges of the principal rivers and wadies, like
Barada, Awaj and Wadi Barze. In these valleys are usually young deep alluvial soils. Although they
cover only a small part of the mountain region, the productivity will be much higher than all the sahls
together. All the villages are situated in the wadi valleys. The soils consist of mostly loose rock
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meal, very calcareous, sometimes gravelly. The type of crops depends entirely on the amount of
water available. Most of the water is available in the Barada valley, where is a large number of
trees, especially poplars. Land tenure in this region is mostly on a fifty-fifty basis. In the Barada
valley the trees largely determine the value of the land (100-200 S. P. per tree. ) There are many
walnuts and apricots. On higher elevations, where night frost occurs, are apples and pears. There
is no fallow land. The wheat is planted in January to February, and usually large quantities of
manure are used.
As soon as the amount of available winter water drops, there are less poplars, less apricots
and more winter wheat: for example, in the Awaj valley and in the Barze valley. Most valley soils
have stone wall terraces.
n.

Basalts

The second landscape is the basalt landscape. From the viewpoints of soils and agriculture,
there is not much to say about this area. Only two soil associations are recognized: lithosols and
the basalt soils along steeper slopes which are susceptable to erosion. The lithosols on basalt are
usually quite useless for any type of agriculture. The erodable slope soils are still under
cultivation, mostly poor wheat and barley land. The land is ploughed up and down the hill, a remnant
of the old mushaa system.
Agriculture is very extensive; hence measures for soil conservation (terracing, contour
ploughing, etc. ) have not much chance for success at the present time.
Another soil association related to this landscape is found to the east of the basin. Here are
younger, boulder strewn basalt soils weathered under semi-desert conditions.

m. Basin
The third and most important landscape is the basin of Damascus itself. It includes 125.000
ha., of which about 40 percent is irrigated from rivers, wells and catchment galleries (fogaras.)
Where water is ample, vegetables, forage and other water-requiring summer crops are grown
under apricots, olives and mullberry trees, while the small fields are bordered by poplars, walnuts .
and willows. As soon as water decreases, winter crops, like wheat, increase primarily under olives.
Farther from the town and as the water decreases, olives are replaced by vines. Along the roads
are some Robinia and Casuarina trees. The amount of water available per hectare in the Ghouta
differs greatly, from 3 liters to 0.1 liter per hectare per second. The soil is usually heavily
manured with dung and town refuse in the intensively irrigated area. The system of water
distribution is similar to that in Greek-Roman times.
In the basin 9 soil associations can be recognized:
a.

voung fan soils
These soils are at the foot of the Kalamoun mountains. They are young unconsolidated
fans with a certain slope and susceptible to erosion. It is now poor land used only for winter
cereals, mostly barley. The yield in recent years was not more than 1:3 or 4.
Next to the young fan, we have a broad strip of:

b.

old fan soils
This formation is similar to the young fan, but is much older and goes back to diluvial
times. Since then most of the subsoil has encrusted. The Ghouta itself around Damascus
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was originally encrusted soil. Because of the slope, however, the land had to be levelled when
people started to irrigate. As a result of that levelling, most of the crust is broken or removed.
c.

old fan with black top soil
This is a special soil association in the old fans found around the town of Damascus. The
origin of the top soil is the centuries-old practice of manuring the vegetable gardens with the
town refuse of Damascus. This caused a fairly thick layer of black top soil, sometimes
immediately overlying the cemented subsoil. It is a good soil for vegetable growing.
All the old fan soils have in common a usually quite irregular profile. The fans have been
built up by braiding wadis which changed their beds every year, sometimes many times.
Hence are found gravel, gravelly and clay layers mixed together, horizontally and vertically.

d.

reddish brown soils
This soil association is found east of the old fans. They are typical profiles for the Great
Soil Group of Reddish Brown. A layer of calcium accumulation is found at the depth of about
50-80 cm. The profiles are usually very deep and not gravelly. This type of soil represents
a strip of land bordering the desert from Hauran to the middle part of Jezireh.

e.

Merj soils
As Merj soils are considered those lacustrine deposits which now have a high water table.
The profile itself consists of horizontal alluvial layers. In many places, these layers have
thin humic layers at certain intervals in the profile. At lower places, the topsoils are black,
because of the groundwater humus formation. The highest Merj soils have the same colour
as the Reddish Brown soils found more to the west.
A common feature in all Merj soils is a layer of calcium carbonate accumulation at, or
above, the level of the winter groundwater. This type of calcium carbonate accumulation
differs from that found in the reddish brown; there the calcium carbonate originates from
the downwards washing movement of the rain water. In the Merj soil, the calcium carbonate
layer is due to the upward movement of the carbonates from the groundwater by evaporation.
Thus, nearly all the Merj soils are extremely calcareous. The gray and whitish soils in
Merj are dominating.

f.

lacustrine calcareous soils of Klssoue
These can be considered as Merj soils, but with a lower water table due to the uplifting
of the area and the deepening of the channel of the Awaj river.

g.

badlands
In these are found the center of the basin, around the lakes Ataibee and Hijane, and consist
of rough butts and lower erosion channels.

h.

black soil
In some of these lower places we find a good, deep, black soil, suited for cultivation,
around Hijane and West of Aateibé (Dgbaschié. )

i.

semi-desert
Towards the east, a group of soils are classified as badlands, covered by windblown
deposits, silt and dust blown out of the center of the basin. This is already true semi-desert
and allows no chance for agriculture.
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B.

HISTORY OF LAND USE AND IRRIGATION

The basin of Damascus, a 250 mm. rainfall area, has been one of the most isolated centers
of culture in the Near and Middle East. To the north and west it is protected by the mountains, to
the east by the desert, and to the south by a fairly rough basalt country, poor in springs and drinking
water.
Nobody knows for certain from where the people who populated the basin came, but its
agriculture must have a pre-historic origin. The Damascus cow and donkey and the Damascus
vetches are all local strains which indicate a remote development. Swedish archaeologists even
consider it possible that settlement in the basin was the origin of later centers of irrigated
agriculture in Mesopotamia (Sumerians) and Egypt.
The Swedish scientists started a preliminary excavation in Tell Salihye, 15 km. east of Damascus.
Although they did not go back earlier than the second milennium B. C., they made some discoveries
important for our subject. Tell Salihye had probably been an important large town from the third
millenium B. C., or earlier, until Greek times. The town was destroyed and rebuilt several times,
but apparently lost importance about 700 B. C., undoubtedly because Damascus was growing.
The reason for this growth of Damascus and the decline of Salihye was undoubtedly the development
of the present irrigation system of the river Barada.
Tell Salihye is situated at the joint of the Barada and two natural tributaries. It is unlikely
that a town down the Barada could exist when a second town flourished 15 km. up the river. This
suggests that the development of the Barada irrigation canals must have been fairly late, not much
more than 700 B.C. Reasons for this late construction are:
a. the difficult lay-out of the big canals which implied both the co-operation of the local
population of a larger area and a strong and peaceful government;
b.

the higher levels of the Damascus fan needed terracing;

c. most of the soils were originally of low productivity; this means that soils around
Damascus were originally rather thin and had mostly an encrusted subsoil.
All this makes it likely that the Merj was the real intensive center of cultivation before the
present Ghouta of Damascus existed. The capital Salihye, situated at a natural diversion of the
stream, was an excellent site for early settlement. Salihye is the center of a large number of tells.
No remnant of chalcolithic or neolithic tells is found in the Ghouta, but if Merj was really such a
highly populated and highly developed agricultural country, drainage in winter must have been much
better than it is now. The artificial rivers Yezid, Tora, Akrabani, etc. now carry their winter water
freely to Merj, where it fills the lower levels and where it stays all the winter. Before, the winter
water followed the main channel of Barada and directly flooded Bahret Ateibee. It is unlikely that the
water regime of the Barada river itself has changed much during the last 5-6 thousand years. The
foothills of the Anti-Lebanon mountains must have been already deforested and, therefore, winter
floods must have been irregular.
It is, however, likely that, in prehistoric time, all the Merj was highly developed agriculture
country, occupied by small farmers, living in innumerable small villages and practicing the same
supplementary irrigated cereal cultivation that is seen today.
1.

The Greek-Roman Epoch

It seems that the Arameans and, later, the Persians developed trade through the desert routes,
partly following the oasis of Damascus. This must have been the mighty impact for the growth of
Damascus into the commercial capital and the decline of the older and purely agricultural town of Merj.
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The development of trade and industry was the probable cause of the construction of the irrigation
works of Tora, Dayana, Dirana, Akrabani, etc. The greatest development of trade occurred,
however, in Roman times, and it is also possible that the improvement and increase of the irrigation
works date back only to the Romans.
The original population of Merj must have moved to the higher levels in and around Damascus,
depopulating the lower Merj. From that time, agriculture in the immediate vicinity of Damascus
showed the same picture as it does today, with a tendency of development towards the higher levels.
Nahr Yezid was constructed not for irrigation, but for the water supply of a large number of
Greek-Roman villas,of which remnants can still be found east and northeast of Douma in the direction
of Dmeir. From Barze eastwards are remnants of the old canal, including a few aqueducts. Later,
in Omayad times, Yezid water seems to have been used for irrigation. Even since that time, all the
water from Yazid is used between Damascus and the village Harasta.
A highly developed Ghouta consisting of small farms produced mainly fruits, vegetables and
milk to be sold in the town and subsistence crops. Around the Ghouta was a belt of big farms (in
Arabic called hosh. ) A number still exist. Apart from these hosh, we found a large number of
villas belonging to important persons in the Merj. In Roman times, therefore, the Merj was much
more developed than today. Also more to the south, in the region of the Awaj river, where summer
irrigation was insufficient to grow summer crops, a much larger number of grapes and olives must
have been cultivated by the Romans. The development of fogaras and little springs in Merj and in
the outskirts of the Ghouta probably dates back mainly to the Romans.
This rich, important and highly developed area had to be defended against the nomads of the
desert, and there was an intensive defence system to the east of the basin, consisting of a large
number of fortresses which guarded both the basin of Damascus and the rich region of Hauran and
Djebel Druze (Decapolis. ) To the west of this defence belt is agriculture, and to the east are nomads.
The most eastern center of agriculture is to be found 15 km. south of Dmeir, where there are still
remnants of a barrage capturing a large number of wadis which came from the Djebel Charqui and
which collected flood water in a shallow reservoir. Before the reservoir was a limited area of
irrigated winter and spring crops.
2.

Later period

The exceptional thing about the Basin of Damascus is that it has been abandoned; it had been in
cultivation since the Stone Age. After the Romans, the Omayads seem to have developed quite a bit
in the higher land for gardens near the rivers Yezid and Tora. At that time, as has been shown, it is
likely that the fields below the Yezid were brought under irrigation. The Merj, however, was
neglected. It became Bedouin country where farming was practically impossible. There is still the
same Ghouta and the same conditions in the Merj; but, influenced by the general improvement in
agriculture, much activity is to be seen in the Merj. There, on the big farms, motor pumps and wells
are being constructed, which partly replace the old fogaras and lifting wheels. New crops are going
to be introduced, and the Merj has become one of the most promising regions of Syria.
C. RECOMMENDATIONS FOR FUTURE LAND USE
In discussing recommendations for future land use in the Basin of Damascus, we cannot do more
than pick out a few important aspects. The problems are so multiple and often so complex that a much
more detailed research program and much longer work are needed for studying these questions
thoroughly.
1.

Better Use of Surface Water

The most striking fact is the use of the water of the rivers Barada and Awash. The way in which
the water is distributed and often wasted and the way in which the winter flood harms the land, instead of
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benefitting it, can be corrected. This main factor - the use of winter flood water and better use of
summer irrigation water, which dominates the possible development of the Basin of Damascus - is
a purely technical problem.
On the other hand, the possibilities of land use and crop rotation largely depend on what will
be done about the 100 million m 3 of winter flood water, now wasted every year, and on how far the
age-old water distribution system in the Ghouta itself can be improved. The use of the winter flood
water for summer irrigation calls for a storage dam somewhere in the valley of the Barada. If it
should not be possible to store the water in the valley, either because of difficulties in the construction
of the dam or because of flooding valuable soil in the wadi itself, most of the flood water could probably
be diverted to the north, either through Nahr Yezid or through Tora to the region of Douma and Dmeir.
In this case, part of the flood water could probably be stored in shallow reservoirs similar to
those in Cyprus, but most would have to be used at once for winter irrigation. This could convert
20,000 to 25,000 ha. of poor barley land north of Douma and south of Dmeir into good land for cereals,
vetches, clovers, and other winter and summer crops. In this way, the old Yezid canal constructed
by the Romans could probably be used again.
2.

Better Crop Rotations

The possibilities for crop rotation vary with the amount of irrigation water available per
hectare. A rough distinction could be made between areas with less than 1 liter per second per
hectare; for instance, 1/2 liter per second per hectare. The first areas coincide roughly with the
small farms in the Ghouta, the second with large parts of the Merj. Two different systems of crop
rotations have been designed for the Ghouta and Merj areas, but each system of crop rotation has a
large number of possible variations:
I.
Crop rotations for the Ghouta. At present, too many subsistence crops like wheat, beans,
etc. are grown. The land is too expensive for these crops, which have fairly low returns. The area
of the Ghouta should be specialized in fruit, truck crops and dairying. The management of these three
lines of agriculture, which already exist, can be improved greatly.
The only fruit trees now grown in the Ghouta are those which need very little care; for instance,
walnuts, olives and apricots. The possibilities for apples and pears are great, provided good
management is carried out together with a good system of pruning and pest control.
Grape cultivation and its quality could be improved. The reason why grapes are cultivated not
in the Ghouta itself, but only on the higher levels at the outskirts of Douma and Dajana, may be the
high rate of mildew attack in the moist Ghouta. Better fruit culture needs better pest control.
The system of undergrowth ploughing of the soil to a certain depth ruins a lot of shallow roots on the
irrigated soils. It causes a limited root system, and this seems to be the main reason why só much
chloroses is seen in the Ghouta, especially amongst shallow rooting trees like prunes, peaches and
apricots.
Although a large amount of forage and legumes is grown in the Ghouta, the soil itself does not
greatly benefit because all organic matter is harvested or grazed by the cattle, and a crop of legumes
or clover is never turned under.
n. Crop rotations for the Merj. A second system of crop rotation designed for about 1/2 liter
per ha. per second of irrigation water during summer is made for a farm in the Awash Valley with
conditions similar to those found in the Merj. At the same time, the following survey can be used
as an example of a farm plan for a medium sized farm in Syria.
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3.

Farm Plan for a Farm 40 km. southwest of Damascus

I.

Soils (See Fig. 1 )

The subsoil consists of gravelly material, pebbles and boulders, washed down from the mountains
and cemented with calcium carbonate, especially in the upper layers (4 or 5 meters.) The surface of
the gravelly material is a hard crust of usually only some centimeters. This crust and cemented
gravel are present everywhere, but the depth below surface varies greatly. In the western part of
the farm, the crust is not more than 20 to 50 cm. below surface. To the east, it is more than .
2 meters below surface. The differences in soil depth can easily be explained by the configuration
of the terrain.
The surface soil is washed-down material from different origins. In the western half, the soil
originates from limestone hills. In the northeast, it is washed down basalt soil. The calcium
carbonate content may be estimated at 15 to 20 percent and probably a little lower for the basalt
soil. The content of phosphate and potassium, analyzed with a field test kit, was found to be sufficient.
A tissue test was made on young wheat plants for nitrogen, of which a medium percentage was present.
H.

Crops
At present, the following crops are cultivated:
6 hectares Wheat
2 1/2
"
Barley
5
"
Apples
1 1/2
"
Olives (to be planted)
9
"
Fallow land.

HI.

Fertilizers

The trees are planted with 1 kg. village ash per tree. On the wheat, 100 kg. ammonium sulphate
is used per hectare.
IV.

Recommendations for Future Land Use

Any recommendations for future crops are limited not only by the qualities of the soil, but
primarily by the total amount of water available during the summer months. The recommendations
given below are based on the assumption that the following amounts of water are available from May
through September:
a. From Awaj River, 100 liters per second during five hours per week - 1,800 eu. m. per
week - 39,600 eu. m. in five months.
b. From the well, 60 cu. m. per hour, ten hours a day - 600 eu. m. per day - 91,800 eu. m.
in five months.
Total, 131,400 eu. m.
With these figures in mind, the following recommendations can be made: (See Fig. 2 )
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FIGURE 3 - PROPOSED CROP ROTATION FOR FARM NEAR DAMASCUS

WATER REQUIREMENT
(MAY TO SEPTEMBER)

•MONTHS OF THE YEAR-

PLOT
I ( 4 1 ha.)

Jan. | Feb. j Mar. I Apr. I May ' June j July ] Aug. [ Sep. Oct. ! Nov. j Dec.
SOYA BEANS
(OR CORN)
lo
o|

REST

CLOVER

WHEAT

2,000 m3/ha.= 9,000 m3

I
I

(4|ha.)

I
GRAINS OR
VEGETABLES
|o

WHEAT

Io

Io

9
I

CLOVER

3, 000 m3/ha. = 13, 500 m3.

I

I

I
I
SUGAR BEET OR
POTATOES

( 4 * ha.) CLOVER

III

o o i o o 'o

o 'o

BARLEY

8,000 m3/ha.= 36,000 m3

o

I
I
i

IV

( 4 * ha.)

BEANS OR
PEANUTS

BARLEY
I

V (5 ha.)

O

APPLE

I

O

CLOVER

I

(6 ha.)

OLIVE

8/Ó00 m3/ha. = 40, 000 m3

ORCHARD

0 0 | 0 0 |0 0 , 0 0 ( 0 0 0 0 10
I
I

VI

3,000 myha.= 13, 500 m3

|
I

2,000 m3/ha. = 12,000 m3

ORCHARD

124,000 m?
Total 29 ha.

Available water (River + Well) = 130, 100 m3
Turning Under of Clover
o Irrigation

K E Y

:;::::§ Tillage and Preparing Seed Bed
<t> Light Irrigation
Harvesting

G 2660I
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V.

Crop Rotation

See Fig. 3

This scheme is based on the following principles:
a. To improve soil structure, which is very desirable on the rather heavy clay soils, 9 ha.
of clover is included in the crop rotation every year. This clover takes the place of the present
fallow land and should be turned under for the first number of years.
b. Chemical fertilizers are needed only on the wheat and sugar beets (or potatoes); 100 kilos
per hectare on wheat and 200 kilos per hectare on sugar beets, which makes a total of 1,350 kg.
ammonium sulphate per year. No other fertilizers are used. Farmyard manure or compost,
if available, may be used in the apple orchard.
c. No under-planting should be practiced in the apple orchard. On the relatively shallow soil,
more is lost in cutting roots of the trees by ploughing than is gained by the crop.
d. The irrigation of the orchard and of the olives (in general, on the more shallow soils) should
be very light, but often. Heavy irrigations of a shallow soil destroy soil structure.
e. The idea of making holes for planting the olive trees in the cemented gravel seems to be
very feasible. For the first years, the only undergrowth in the olives should be winter vetches
with summer fallow.
f. The crop rotation leaves the possibility of changing gradually into greater forage production
after a number of years. In that case, after the barley, instead of beans or peanuts, grass or
other forage crops may be planted and kept for the next year until the wheat.
g. The tillage is well distributed over all the year from February to December. The engine
of the water pump will run ten hours a day from March to December.
4.

Fertilizers

At present, the consumption of fertilizers in and around the Ghouta can be estimated at about
1,000 to 1,500 tons. There is some publicity among the farmers on the use of fertilizers, and the
consumption increases substantially each year. Good results are obtained with nitrogen, and also
with phosphate in the region of Kabr es Sitt.
The farmers do not appear to know anything about what kind of fertilizers they are using.
Hence, much will depend on the reliability of the fertilizer trade. Good co-operation of the fertilizer
merchants with the Ministry of Agriculture in planning the sales system and carrying out reliable
field demonstrations is important.
5.

Town Refuse for the Ghouta

The Ghouta of Damascus and surrounding districts are the most intensively farmed regions of
Syria. Under intensive farming, high yields can be maintained in the long run only by means of
artificial supplies of plant nutrients in the form of chemical fertilizers, organic manures or composts.
Especially in horticulture, the demand for compost-like products has always been high, but since the
war this demand has been greatly increased because of the cultivation of cash crops like cotton, sugar
beets etc.
The supply of town refuse in the Ghouta and its surroundings is insufficient; hence, manure is
brought from bedouins and from the extensively farmed district of Hauran. About 10,000 tons yearly
seem to be brought from Hauran. This organic fertilizer is mostly village ash, which is burned manure
from local stores mixed with any other materials. The composition of this ash is very different and
the fertilizing qualities extremely low. Nevertheless, the price is about 50-60 Syrian pounds per
truckload, or 12-15 S. P. per ton (high transportation cost.)
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I.
Town Refuse of Damascus: This highlights the importance of the supply of good quality organic
fertilizer for the region. It is unlikely that the present demand for compost will be temporary, for
the cash crops increase yearly in acreage. On the heavy soils, especially in horticulture, some kind
of organic manure will always be necessary.
Damascus yields 40,000 tons of garbage and sewage yearly. This represents a value of plant
nutrients equal to the total amount of chemical fertilizers now imported. Here is a capital asset to
be considered carefully.
H.
Processing of the Town Refuse: The municipality wishes to process town refuse mainly for
hygienic reasons. Thus a method must be found which produces:
a.
b.
c.
d.

a material free of smell, flies and rodents immediately after collection;
an organic manure free of glass, iron and sharp objects;
a manure free of pathogen fungi (verticillium, fusarium, etc.); and
a uniform product.

There are many systems for processing garbage to agricultural compost. Well known, for
instance, is the Danish process, the so-called Dano System. This crushes the product very
thoroughly, and the organic matter is used without fermentation. It produces a good compost, but is
less suitable for horiculture. It is probably too expensive for Damascus.
Cheaper, and providing a better compost for horticulture, is a system introduced in the town
of Schiedam, Holland, where a grating machine reduces the garbage to pulp, after which it is
fermented for about 6 weeks (in the climate of Damascus, probably less time would be required.)
The cost of 1 ton of processed compost would be about 8 Syrian Pounds, including devaluation of
machinery. 1 ton of garbage gives about 750 kg. compost.
All systems for the mechanical reduction of garbage are more expensive than its reduction
entirely by bacteria. The latter method is not, however, hygienic in the neighborhood of a town, and
produces a poorer quality compost.
6.

Drainage in the Merj

As has been pointed out, the winter water from Yesid, Tora, Akrabani and so on is now flowing
to the Merj, where it floods large areas and causes swampy and muddy land with a high water table.
To make these lands productive for winter crops, they should be drained. Though this is not difficult
to carry out, it needs the co-operation of the people over a large area. The cost per hectare of this
drainage system would be extremely low and easy to design.
7.

Conclusion

Factors such as improvement of irrigation, improvement of drainage and better crop rotations
present problems which cannot all be solved on a local scale and for only a part of the basin. The
closed drainage basin of Damascus (as all closed drainage basins in Syria) is an area which should be
developed as a whole. A large amount of research and investigations will be required. It is certain,
however, that the results will be very satisfactory.

T5 BA3IK OF DAMASCUS
•j-m

Rioto 1. Barada gorge near
Damas eus.

Photo 2. A Wadi Tillage with
snail terraces.

Kioto 3. drapes and figs planted
on colluvium - primarily
unconsolidated rock meal - on
slope of Sahl.
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Ri oto 4. Profile on Sahl es Sahra.
Encrusted gravel to a depth of 50 °m»
Hardly any top soil on the crust.
Suoh land is usually left for poor
grazing but where topeoil is a little
deeper it provides poor cereal land.

Photo 5. Profile in old fan deposit«,
Ca layer at 60 cm depth, the top of
vhich is encrusted. Level of field
in front has been lowered by digging
to take advantage of irrigation water.

Photo 6.
Readily eroded basalt
soil on slope. Qravel and stones,
scattered through profile in this
instance, are sometimes concentrated
in horizontal layers.
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fhoto 7. Beans planted under
apricot trees.

Photo 8. Walnut trees planted
along roadsides.

Ehoto 9. Olive trees with
vetches as undergrowth.
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1

Photo 10. Winter wheat in the Merj.
Typical landscape with a bucket chain
lift in foreground and a "Hqsh" in
the background.

Rioto 11. The Merj, view toward the
Kalamoun mountains. Note the exposed
white subsoil near the road in middle
distance (see also in foreground
of photo 10).

Rioto 12. The Merj- is well suited
to sugarbeets.
Planting beets by
hand on ridges.
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Rioto 1^. Mater diversion system
on Tora River with old water mill,

Rioto 14-. Diversions are closed
with mud and reopened at certain
hours, according to an ancient
system of water distribution.

THE DAMASCUS BASIN

SOIL ASSOCIATIONS

• LIMESTONE

HILLS

Lithosols on steep slopes
Calcareus hardpan soils of the sahls
Predominantly young wadi deposits

Lithosols of basaltic hills
Boulder and gravel strewn soils
on steep slopes

Young fan soils
Old fan soils
Old fan soils with black
top soil

Reddish brown soils
Merj sou«
Lacustrine calcareus soils of
Kissoue

S5

Badlands
Black soils (between the badlands)
Semi-desert (badlands covered
with windblown deposits)
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CLAY MINERALS IN SYRIAN SOILS
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The shrinkage and swelling of Syrian clays varies greatly from place to place. There are
regions where, in the dry period, deep cracks of more than 25 cm. occur over a distance of many
meters, whereas in other regions not a single fissure can be observed, even in summer. In a few
areas and under certain conditions, precious irrigation water runs down immediately to the deeper
subsoil as soon as it is applied to the land. Between these extremes, the heavily cracking clays and
the non-cracking dusts, are all sorts of transitions. The mechanical analysis of the soil samples
usually does not give a significant answer because the clay content does not vary a great deal, but
the percentage of calcium carbonate, which influences shrinkage and swelling to a certain extent,
may vary from 0 to 60 percent. The main cause of these important characteristics of clay may be
attributed to different clay minerals which the soils contain.
The data are obtained from analyses made in the Laboratorium Voor Regionale Bodemkunde,
Geologie en Mineralogie, Wageningen, Netherlands, by Dr. J. Ch. L. Favejee, and from analyses
made in the Rothamsted Experimental Station, England and published by Dr. A. Muir in Journal of
Soil Science, vol. 2, 1951, p. 163-181.
It is not impossible that more pure attapulgite clays can be found in Syria. This is valuable
material, for it is used as a base in the insecticide industry.
For sites and samples of clay minerals see Table I.
1.

Influence of climate and drainage on formation of clay minerals

There is little doubt that climate and/or drainage largely influence the formation of the clay
minerals in the soils of Syria. Attapulgite is widely found within the 200 mm. rainfall area on soils
derived from different parent materials. Broadly speaking, it can be identified with the desert dust.
Those are the soils which do not, or seldom, crack. Montmorillonoid clays are widely found in the
areas of higher rainfall of western and northern Syria on soils derived from basalt and limestone in
Jaulan, Jabal Druz, northern Jezireh and western plateaus of Syria. Those are the clays which
crack heavily. These soils are dark red or purple to dark brown up to black, because of very low
calcium carbonate content and a slightly higher humus percentage. Some profiles on basalts are
rather shallow and water logged during a part of the year.
It is more than likely that the well-drained basalt soils of the central part of Hauran contain
primarily nontronite. This is an area of lower rainfall with red, red brown and dull brown soils.
Their structure is usually very good. This may be because peptisation of nontronite clay in water is
very difficult.
2.

Influence of the parent material on formation of clav minerals within one climatic area :
(i)

on basalts

On the basalts of Jaulan is found, besides the montmorillonoid clays, a certain area with
kaolinoid clays. These have to be related to the ash beds in the immediate vicinity of the ash
cones found in this area. Their formation can be explained by the more acid nature of the
parent material. Volcanic ash in its weathering stage has a pH 7, whereas the normal basalts
are basic to ultrabasic in reaction. Muir also found one site west of Horns on basalt with
kaolinoid clay. He suggests that this is formed from crystalline rock, contrary to the
montmorillonoid sample in the plain of Akkar, which is derived from glassy rock. We cannot
follow Muir in this suggestion, for usually each basalt flow produces glassy as well as crystalline
rock, depending on the position at the base, in the middle or in the upper part of the flow.
Can it be that also west of Homs volcanic ash occurs as a thin cover over the rock, from which
the soils have been derived (as mixtures), as we find in Jaulan over large distances?
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The kaolinoid clays have a yellowish brown colour, contrary to the dark brown and black
surrounding soils, and are dusty in summer.
(ii) on limestone
The situation on clays derived from limestone in the higher rainfall area (mainly terra
rossa) is not clear. They give the impression of montmorillonoid clays, although Muir reports
a site south of Tartus which contains primarily kaolinoid material. It is likely that this site is
not a representative example of Syrian terra rossa, as it is found on an old alluvial coastal
deposit. More samples will have to be analyzed, especially in this area.
3.

Relationship between kjpd. of clay and total exchangeable cations

There seems to be a clear relationship between the exchangeable bases and the dominating clay
mineral.
Montmorillonoid clays show, as a rule, an extraordinarily high amount of exchangeable bases.
50-70 m.e./lOO g. soil seems to be quite normal.
The number of samples of the nontronite clays is too small to make conclusions, but the figures
seem to be of the same order.
The kaolinoid clays apparently have around 30 m. e./l00 g. soil exchangeable cations, whereas
this figure for the attapulgite clays is apparently still lower and fluctuates around 20 m. e./l00 g. soil.
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Tablg I : Sites and Samples of Clay Minerals in Syria Soils

Site

Parent material

nrtrtflTTnft 1*1 llOTIOXQ C ' ^ ^ff

No. of Salkhad
Fiq

Qnaitra
Akkar
Deirik
Qubur el Bid
Rastane

basalt
basalt
basalt
basalt
basalt
Old alluvia]
limestone

Topography
Valley, not
very well drained
plateau
plateau
plain
plateau
plain
plateau

Rainfall
in mm.

250-500
500
500
500
500
500
500

Impurities

Kaolinoid + quartz
Kaolinoid + quartz
Kaolinoid + quartz
befdellite + quartz
illite, kaolinoid and quartz
kaolinoid + quartz + attapulgite
kaolinoid + quartz

Exchangeable bases
in m.e./lOO g. Soil

59.4
73.9
?

49.0
52.5
36.3
76.3

Nontronlte clays
Leja
W. of Sousida
Ain Ghazalé
Kanltnnid clays
Qnaitra
Horns
Tartus
T2
Majadin
70 N of Deir ez Zor
Palmyre
Furqlos

basalt
basalt
basalt
Vulcanic ash
basalt (ash?)
Old alluvial
limestone
limestone
limestone
alluvial
limestone

plain
plain
interbasaltic

250-500
250-500

valley
plain
plain
plateau
plateau
plateau
basin
Plateau (basin?)

illite + kaolinoid + quartz
kaolinoid + quartz
quartz (very little)

41.0

500
500
500

montmorillonoid + quartz
goethite + Fe oxydes
haematite + mica + quartz + amorphous Fe oxydes

31.6
29.1

250
250
250
250
300

kaolinoid + micaceous material
montmorillonoid + some kaolinoid + quartz
montmorillonoid and some kaolinoid + quartz
main mineral calcite with some kaolinoid
main mineral chlorite and illite with some
kaolinoid + - quartz

?

?

71.1

7

7

18.6
19.7
?
?
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EXTRACTS FROM A FEW INTERIM AND OTHER REPORTS
WRITTEN DURING 1953-1954
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IRRIGATED SOILS IN SYRIA
A.

IMPORTANCE OF IRRIGATION FOR SYRIA

Syrian economy is very dependent upon the natural conditions which influence agriculture, such
as rainfall and climate. This is especially felt in sheep raising; in dry years, a large part of the
flock dies, while in wet years the flock recovers very quickly, and butter and cheese are available
in abundance.
The harvest is also very dependent. In 1947, a yield decrease of 30 percent to 50 percent
occurred in large parts of the country. In 1951, the wheat yield was much less than in 1950 (1950,
830,000 tons; 1951, 670,000 tons.)
These changes strongly influence the economical position of Syria. An export surplus can be
expected in the years when the average rainfall is 400 mm.
Irrigation makes agriculture much less dependent on changes of rainfall and temperature. It
allows the growing of many summer crops which are generally not possible under dry farming and
increases the yield per hectare. On the other hand, it requires capital investment.
In 1949, 90 percent of the arable land was under dry farming and 10 percent irrigated from
rivers, wells, springs, motor pumps, norias (bucket chains for water lifting) and foggaras (water
catchment galleries. ) It is calculated that, in 1951-52, about l/3 of the total agricultural output was
produced on irrigated land and 2/3 on dry farming land.
Future possibilities for increasing the irrigated area can be estimated at about 500,000 to
600,000 hectares. This means that the total output from irrigated land can become four times larger
than it is now. The total production of dry farming land might be doubled, not primarily by increasing
the cultivated area, but by improved dry farming methods. Probably, in the far future, the output of
irrigated land will equal the output of dry farming agriculture.
B.

COST OF IRRIGATION

Although up to now most of the irrigated areas receive water by gravity without construction of
big storage dams, the cost of development of land for irrigation is not very low. In the five or six
schemes carried out by the Irrigation Service, the cost varies from 1,000 to 3,000 Syrian Pounds per
hectare. The thousands of small private schemes where water is taken from rivers and wells by
individual motor pumps are usually cheaper to construct and vary from 500 to 1,000 Syrian Pounds per
hectare. On the other hand, their annual cost of maintenance is much higher.
Although it is generally assumed that irrigated land produces three to four times more than dry
farming land, this depends entirely upon the level of agriculture. A very extensively farmed area in
Djebel Druse or Middle Jezireh, for instance, cannot be compared with a very intensively farmed
irrigated cotton growing region in the Acharne plain or the vegetable gardens around Damascus.

C.

GENERAL PROBLEMS

Generally speaking, all the irrigated soils in Syria are very suited to irrigation. There are no
serious problems of soil depth, because the irrigation schemes are exclusively in basins or valleys
and, therefore, on deep soils. As a rule, those soils are rich'in plant nutrients (except nitrogen)
and have a high water-holding capacity. Highly alkaline soils are not found and acid soils do not
occur at all in Syria. Salinity problems have hitherto been very rare and occur only to some extent
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in the few semi-desert basins; for instance, in the Basin of Jairoud and in southern Jezireh.
Inadequate drainage has never been observed.
The only problems concern soil structure and organic matter. Nearly all irrigated soils are
very heavy and bake after irrigation. This, of course, influences highly the root development of
many crops.
Soil permeability is seldom a problem. It is very rare that one sees soil waterlogged because
of impermeable subsoil.
1.

Irrigation Methods

The basin method of irrigation, which means that small level plots surrounded by small low
earthen ridges are flooded, is generally practiced. This method is suited to level lands, heavy soils
of limited permeability, and for crops like small grains, rice, hemp and sometimes orchards and
pasture. A disadvantage is that the quantity of water given in one irrigation is sometimes much too
much and that this method easily destroys soil structure. For crops like sugar beets and cotton,
the basin method of irrigation is not suitable. Corrugation or furrow methods are increasingly
practiced for these crops.
2.

Water Requirements

The water requirements of the different soils vary greatly. As the water holding capacity of
the majority of the irrigated soils is likely not to vary a great deal, this variation is caused by:
winter rainfall; evaporation; and soil structure.
I.

Winter Rainfall

The majority of the irrigation schemes are in the 250-300 mm. rainfall area. This means
that winter crops need very little or no supplemental irrigation, whereas for summer crops the
soil around planting time holds a large amount of available water. Some schemes are found,
however, in the 150 mm. rainfall area, while others go as high as 600-800 mm.
H.

Evaporation

There is a marked difference in evaporation between the coastal plains and higher elevated
western plains and the low-lying inland plains and valleys; for instance, Euphrates and Southern
Khabour. Low night temperatures at higher elevations and damp air along the coast form
abundant dew, which might have a certain influence.
m.

Soil Structure

This affects the amount of irrigation water in two ways : soils with poor structure usually
have wide cracks between the hard blocks through which the soil is drying out rapidly to a great
depth. On the other hand, plants, and especially roots, do not develop well. A plant without
sufficient roots needs water often. The best example in Syria is seen on very deep, friable
young lake soils at Ain el Barde (SE of Kariateine, 150-200 mm. rain), where excellent cotton
grows with only one irrigation per season and good cotton without any irrigation, whereas on
heavy clay soils in Jezireh (300-400 mm. winter rain) every two to three weeks an irrigation is
necessary.
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D.

MAIN CENTERS OF IRRIGATION

There are 19 main centers of irrigation in Syria. These centers very likely include just about
all the possibilities for irrigation on an economic basis. Government schemes are surveyed and
carried out by the Irrigation Service. Private schemes are often age-old and can involve a large
waste of water.
1.

Government Schemes
I.

Horns-Hama Irrigation Scheme

The Homs-Hama scheme consists of a southern and northern part divided by the Orontes.
The water is taken from the Lake of Homs by a 60 km. long main canal. The southern area,
including about 12,000 ha. between Homs and Rastane, was started in 1938 and the northern
part in 1947.
The soils belong to the Terra Rossa. They are usually very deep, rather heavy clay soils,
but in places we find shallower grayish marly soils. On lower spots the soils enriched in organic
matter form a deep topsoil, dark purple in colour. Part of it is basalt soil, a dark brown clay
covered with some boulders. The land is flat to gently rolling.
The southern part is divided into two parts :
a.

The old irrigated area south of Homs (1,300 ha. ) which received 1 L/ha/sec.

b.

The newly irrigated area (11,000 ha. ) which receives 0. 2 L/ha/sec., but for
which the actual amount of water will probably be not more than 0.15 L/ha/sec.

The old irrigated area is not modern and heavy water losses occur.
Before irrigation, the usual crop rotation was : winter wheat - summer fallow - winter
legume - summer fallow - winter fallow - watermelons - winter wheat.
When irrigation started, the community-owned land was divided among the farmers.
At present, 40 percent of the area is in winter crops and 60 percent in summer crops (this
includes the old irrigated area also.) Winter crops are: wheat (20 percent), barley, lentils,
beans, vegetables and legumes. Summer crops are: cotton, beans, vegetables and onions, and
recently sugar beets.
It is a common practice of larger farmers to buy water from smaller farmers for 40-100
Syrian pounds per hectare.
The basin method of irrigation is the common practice. Plots are usually 10 meters wide
and 60-100 meters long. Cotton is irrigated from May to September once every two or three
weeks, onions (April-May) once a week, with beans (September-October) once a week.

m.

Sinn

IV.

Acharne Plain and Ghab Valley

V.

Roui
The Rouj scheme included the drainage of 4,000 ha. of swamp by means of a tunnel to the
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Orontes valley. The soils surrounding the Lake consist of very heavy purple Terra Rossa;
those on the lake itself are black.
The dominant crop has been cotton, which is often grown as monoculture without any
fertilizer. Apparently, every dry farming cotton gives a good return without any decrease in
yield.
VI.

Matkh

The Matkh, 20 km. south of Aleppo, is a diversion scheme of the winter floodwater of the
wadi Queik, including a total area of 21,000 ha. There are three main canals with a total length
of 60 km. and 100 km. of3 secondary canals. The debit of the Queik in winter is 4 m«* per sec.,
which increases to 40 m during floods. The canals are not lined, and these floods usually cause
tremendous damage. The water duty is based on 0. 5 L/ha/sec. from February to May, as far
as the water is available. However, big losses occur through cracks in the canals. The main
crop is cotton, of which about 2,000 ha. is grown. Yields are satisfactory.
This scheme shows that water diversion is a hazardous enterprise in Syria because of the
big floods. The soils are very heavy dark red clays, which bake and crack after irrigation.
VII. Khabour
Vm. Euphrates
The Government scheme for further use of Euphrates water for irrigation does not include
the first river bottom, which is already irrigated by individual motor pumps, but the plateau on
both sides of the valley. The maximum area to be irrigated below the 350 m. contour includes
a large plateau on the northern bank of the river and the Basin of Ressafeh on the southern bank,
totalling about 670,000 ha. gross or 500,000 ha. net.
The soils of the Ressafeh Basin are deep semi-desert soils, highly calcareous, with no
visible signs of salinity. Silt loams predominate.
On the northern bank, the soils are much more varied. The majority consist of very flatj
deep, excellent profiles, friable silt loams, very likely of loess origin. Part is rolling country,
however, and a considerable area consists of gravelly old river deposits. In the small shallow
basins, saline soils are found.
2.

Private Schemes

Private irrigation schemes can be divided into (a) larger united areas irrigated usually by
gravity from rivers, springs or foggaras and (b) small individual schemes irrigated from wells and
rivers, either with motor pumps, bucket chains, norias or small foggaras. The small-scheme areas
vary from several hundreds of square meters to 100 ha. or more, the average being 10-20 ha.
In the immediate vicinity of villages along the fringe of the desert, some irrigation is often
found, mostly very small fields which provide subsistence for the villagers, especially in dry years
when the dry farming land gives no returns. Supplementary irrigated wheat and vegetables are the
crops there. Crop rotation and soil management are often poor, and there is a large number of soilborn diseases, especially in tomatoes and potatoes.
The areas of more or less concentrated irrigation are :
I.

Basin of Damascus and adjacent wadis
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n.

-

Basin of Jairoud

This basin includes about 12,000 ha., of which 5,000 are cultivated. There are 75 motor
pumps irrigating 800 ha.
The soil consists of gravelly alluvium. In the centre of the basin are gypsum and salt
accumulations in and around a small winter lake. The topsoil is usually a rather deep friable
loess-like deposit. Towards the mountains are gravelly alluvial fans. About 400 ha. of
irrigated wheat is planted every year. Summer crops are mostly potatoes and corn and, in
recent years, sugar beets and some cotton.
Although only about 6 percent of the total area is irrigated, it seems that almost the
maximum use is made of the available subterranean water.
m.

Basin of Quariatein

The soils of Quariatein very much resemble those of Jairoud. There is a spring and two
foggaras, where four motor pumps were installed. Some soils are rather saline and show a
very bad structure under irrigation. About 2,000 ha. are irrigated; plots are very small
(4,000 inhabitants.) Grapes of excellent quality (120 ha.) are the predominant crop.
IV.

Irrigated areas in the Valley around Nebek, Deir Atiye, Hmaira, Houarine

The soils in these valleys are gravelly collovium, encrusted at many places. In the
immediate vicinity of the villages are often found gray soils caused by age-old cultivation and
use of village ash. Each village has its main crop : for instance, vegetables, beans, tomatoes
and fruit in Nebek, potatoes in Hmaira, and grapes in Houarine. All the possibilities of
groundwater seem to be utilized. Farm management and disease control can be greatly improved.
V.

Basin of Palmyra

This is a large basin, highly saline in its center, but around the village no salt damage is
seen. Fields are small. Grapes and cotton are the most important crops. The soil consists
of a sandy topsoil, which, nevertheless, bakes under irrigation, on the heavy subsoil. There
are about 80 motor pumps in this area.
VI.

El Bouqaia

This is an area of very heavy basalt soils, irrigated from springs and in many places
poorly drained in winter. Originally, cotton was the most important crop here, but now it is
almost exclusively corn. Apparently, the soil was too wet and too difficult to handle for cotton
growing. Many farmers grow an excellent crop of corn.
VU. Irrigation upstream the Orontes
A total area of 13,300 ha. has long been irrigated along the Orontes River, 6,000 ha. of
which is upstream from the Lake of Homs, 1,300 ha. between the Lake and the town, and 6,000 ha.
between the town and the Ghab Valley. Spring water is used in the region of Qoussair, but along
the river are about 80 norias and a large number of motor pumps.
Irrigated soils vary a great deal from sandy and gravelly alluvium to heavy terra rossa
clays and very heavy black basalt clays. The amount of water used per hectare is very large;
there is a good deal of waste. Crops are fruits and vegetables as in the Ghouta of Damascus
and, at certain places, cotton.
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Vul. Euphrates
Agriculture on the first river bottom is quite recent. Previously, it was sparsely
populated with some continuous agriculture around the villages; all the rest was Bedouin country.
The soils are fairly homogenous because of wind action which deposited a thick layer of
dust. Near old river courses, sandier soils are sometimes found; saline soils are occasionally
found in old river basins.
Agriculture is still extensive, although it is a most important cotton district. Cotton,
wheat and sorghum are the crops, but there is no specific crop rotation system. This varies
actually from continuous cotton to very extensive wheat-fallow-cotton rotation. Much can be done
to intensify agriculture in this area.
IX.

Valley of Selemiyeh

The valley of Selemiyeh is typical of the whole Reddish Brown area in Syria on chalks.
Those chalks are impermeable, but the rainwater accumulates in shallow valleys and basins,
where it sometimes forms little swamps. In the valleys are Merj soils (see Damascus report),
usually with 30-50 cm. black topsoil and very calcareous white subsoil enriched in calcium
carbonate by the ground water. Although the groundwater table is near the surface, the yield
per well is usually very limited.
In the region of Selemiyeh, is a high concentration of wells; the groundwater resources
seem to be over-utilized. Yields of many wells are decreasing. The purpose of the recently
constructed, scattered wells and motor pumps was almost exclusively for cotton growing.
Management and irrigation methods are not always on a very high level, but they are
improving from year to year.
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SOME ASPECTS OF WATER REQUIREMENTS OF CROPS ON DIFFERENT
SOILS IN SYRIA
1.

Water Requirements of Different Crops

The relation of the water requirements of a plant during its growing period to conditions of soil,
temperature, humidity, wind, etc., is extremely complicated. Recent research in England and the
U. S. A. showed, however, that this whole complex problem can be reduced to a very simple one.
There exists a simple relation between the evaporation from a free water surface and the water
requirement. The only thing to do is to multiply the evaporation quantity by a certain factor which
is specific for each plant.
For instance, if evaporation from the free water surface in the Euphrates Valley during the
growing period of cotton equals 1,250 mm. and the specific factor for cotton is 0.6, then for
optimum growth cotton in that region needs a total of 0.6 x 1,250 mm. or 750 mm. water.
2.

Precipitation

Where does this water come from ? From the soil ! The soil receives this water either from
precipitation or from irrigation, or from both (supplemental irrigation.)
Let us first discuss what happens without irrigation. The rainfall figures are not an entirely
reliable base to know how much water the plant roots really have at their disposal. In the first place,
not all the water penetrates the soil where it falls. Some of it, though usually a small part, may run
off immediately into wadis and rivers and is lost to the region. Another portion of it may run off
to lower places which, of course, get more than the rainfall. Valleys usually get more water than
higher places. The same applies to soil on stony land, where the water concentrates in pockets
between the rocks.
Apart from run-off, which locally decreases or increases the total precipitation, there is an
immediate evaporation of water before it reaches the plant roots. This is especially important in
Syria, where soil temperature at the end of summer is very high. There is reason to believe that
the first rains evaporate almost entirely. Late in winter and in spring, not more than 70 percent
will penetrate.
During the winter season of 1953/54, the depth of water saturation of the soil was observed in
the western part of Jezireh; at places where there is no run-off, around 50 percent of the rainfall
evaporated immediately without reaching the subsoil.
3.

Field Capacity for Water Storage

Let us now consider what happens with the water which penetrates the soil. Suppose a certain
amount of water penetrates a very dry soil, either from rainfall or from irrigation. If we dig a hole
the next day, we find that the soil is wet only to a certain depth. Below that there is completely dry
soil. The upper layer of the soil has the capacity to absorb the water, which is actually attracted
to the soil particles by a certain force. Otherwise, it would have sunk down to deeper zones because
of gravity. We can measure this force by which the maximum quantity of water (so-called field
capacity) is held by the soil particles. In Syria, this may be about 0.5 atmosphere. More water
added to the soil will result in a downward movement, whereby a deeper layer will become moistened.
Two conclusions are drawn:
First, there is a maximum amount of water which the soil can attract and contain. The amount
varies with the kind of soil. This quantity can be expressed in millimetres of water per metre of soil.
In Syria, the quantity will vary from 170-275 mm. per m. soil.

-96 -

Second, with a small quantity of water we can only moisten the upper layer to field capacity.
Deeper layers remain dry. More water moistens the next layer.
4.

Quantity of Water to be Given with each Irrigation

The question of how much irrigation water should be given each time is easy to answer. The
soil needs to be moistened to field capacity as deep äs the roots. More water is wasted; less brings
the danger that deeper roots die off or grow upwards, which causes less drought resistance of the
plants.
The question of how often irrigation is required can most easily be answered by the farmer
himself. Only about half the water found in the soil at field capacity can be absorbed by the plant
roots. At this point, the so-called wilting point, definite wilting characteristics in the plants are
seen. Instruments can measure the range of moisture between field capacity and wilting point.
Recent research has shown, however, that it makes very little difference in yield whether one
irrigates each time at wilting point or at say half-way between field capacity and wilting point.
Therefore, given the conditions in Syria, we do not think that this need to be recommended for the
time being.
Time and quantity of irrigation vary greatly with plant species and soil. In Syria, the time of
irrigation is quite well known by the farmers themselves. Mistakes are made in the quantities.
5.

Eyflinple of

C a . Q f l

The following table gives a theoretical example of calculations.
If we knew the evaporation from free water surface in Damascus, then we could extend our
calculations to a monthly water balance for different summer and winter crops.
6.

Future Research

Rainfall figures are being taking at different stations and by different agencies, though the
accuracy can be improved. During its field work in winter and spring on different soils, thé Soil
Survey Department records the depths of the top layers of soil which are saturated to field capacity.
From this, we can calculate the immediate evaporation and, in certain cases, run-off.
In the soils laboratory, analyses can be made for field capacity and wilting point of different
soils in Syria.
It is probably within the scope of the irrigation service to measure the evaporation rates from
free water surfaces according to standard methods on different places in Syria: for instance, in
Kamichliye, Hassetche, Deir-ez-Zor, Aleppo, Lattakia and Damascus.
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Table 1: Relation of Water Requirements in the Damascus Basin.
Immediate
Evaporation
Percentage

Penetrates in the
soil, available for
the plant (in mm. )

If field capacity is
200 mm/m, then saturates
the soil till: (in cm. )

30

40

18

48

100

30

70

83

March

30

30

21

t 90

April

20

30

14

t 90

May

10

50

5

t 90

June

-

-

July

-

-

August

-

-

September

-

-

Month

January
February

Precipitation
(in mm. )

October

18

80

4

2

November

30

70

9

6V2

December

130

50

65

39
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SURPLUS AND SUBSISTENCE FARMING DISTRICTS IN SYRIA
A surplus district in agriculture is a region which produces more than it consumes.
A subsistence farming district is a region where the local population needs all its produce for its
own subsistence. In Syria, where there is no heavy population pressure on the land, the division
between the surplus and subsistence districts is largely due to the productivity of the soil.
Surplus districts usually develop easily in the long run; for example, public works , schools
and agricultural development schemes can be paid for from local taxes without too much support
from outside. Subsistence districts are very difficult to develop. Clever schemes and fine plans
can be made, but without help from outside the population never comes over the hump. The standard
of living is usally so low in subsistence areas that improvement of conditions leads only to an increase
of local consumption. In consequence, investments from outside are not profitable.
Surplus farming districts are nearly always potential producers of a much larger surplus.
This is especially true in Syria, where even in the surplus districts agriculture is extensive.
All subsistence farming districts in Syria are characterized by a very small part of first-class
land and large tracts of poor land which produces a surplus only in some exceptionally good years.
As a rule, the good soil is found just around the villages and has a market value which is often much
greater than its production value. The poor soils include the shallow encrusted limestone soils on
the western and northern plains, the erodable soils of ths slopes of Anti-Lebanon and the foothills of
Jabel Ansariyeh, the shallow and boulder-strewn basalt soils of the Jabel Druze and the Jaulan, etc.
Under dry farming, these soils give an unsatisfactory yield of wheat, dry farming summer crops like
sorghum and watermelons. Improvement of yields by better farming practices is very difficult, if
not impossible. The land is usually unsuited for mechanized farming.
A special subsistence farming district is the semi-desert and its fringes. The semi-desert,
which covers 9 million hectares, or half the territory of Syria, is now poor grazing ground, with a
very poor Bedouin population, estimated at 300,000. In actual fact, however, a large part of this
semi-desert land consist of basins and flood plains with good soil which receives substantially more
rainfall than the average 150-200 mm. and which is potentially good grazing ground. These basins
cover an estimated 2 million hectares. At present, these basins and flood plains are grounds of low
production because of severe over-grazing, which causes a non-palatable vegetation.
Towards the west, where rainfall increases, some water becomes available for irrigation in
basins like Jairoud, Kariateine, Palmyra and north of Jebel Bilas. Although good soil is often
available here, these districts depend entirely upon irrigation for summer as well as for winter
crops, and the amount and quality of the irrigation water is the limiting factor. Thus, these basins
are, and will remain, areas of subsistence farming.
For the development of subsistence areas, social factors are often the dominant consideration.
Sometimes, however, poor soils can also be utilized economically, if crops with very low soil
requirements are introduced. For example, in northern Syria, olives, grapes and pistachios are
profitable crops on shallow limestone soils, although the return per hectare may not be very high.
As a rough estimate, the 9 million hectares of the higher rainfall area can be considered to
consist of 3 million hectares first-class soil, 3 million hectares lithosols unsuited for arable land
and 3 million hectares shallow soils. The majority of these stony and shallow soils were not caused
by the farmers' misuse. Most never had topsoil, or were already shallow before Stone Age
agriculture started.

- 99 -

Mzerib, Damascus, Homs, Hama, Sinn, Ghab, Rouj, Matkh and Khabour are all irrigation
schemes in areas with soils excellently suited for irrigation. Whether through scientific research
or practical instinct, the best possibilities have been grasped first and the more difficult and
expensive plans left for later. This does not mean that under irrigation the land produces as much
as possible. Many adjustments will have to be made as far as crop rotation, fertilization and
irrigation methods are concerned.
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LAND USE AND MISUSE IN SYRIAN AGRICULTURE
Poor land use can be defined as (a) unprofitable farming because crops are planted on land not
suited for them and/or (b) destruction of soil fertility because of improper farming methods.
Good land use can be defined as a farming system which grows crops on the specially adapted soils
and maintains soil fertility for long years, and even centuries.
1.

Good Land Use

As an example of good land use, the first class soils in Jezireh which have been brought under
cultivation may be mentioned. A differentiation of summer crops in the different irrigated regions
is based entirely on practical experience; for instance, corn on the heavy and wet soils in the
Bouqaia plain, tobacco and vegetables in the coastal plains, cotton in the Euphrates valley. The use
of irrigation water is also based on practical experience. The cheapest possibilities have been
utilized first (along the rivers and in shallow valleys with the subsoil water near the surface.)
As an example of good land use of the old agriculture, there is the region of Aleppo-Idlib,
where the best soils are reserved for field crops and where the poor soils have been used for
grapes, figs, olives and pistachios (only around Aleppo. ) There are similar examples of good land
use in the mountains; grapes on the soft marl soils, figs and sometimes olives on the shallow
valleys. In the Ghouta of Damascus are olives primarily on the stony, shallow soils and apricots
on the better ones.
2.

Misuse

I.
Too much wheat has been planted on the reddish brown soils under dry farming. The
average yields on these soils are too low and hence the production cost per kg. too high. These soils
should be reserved for barley.
n. Too much dry farming cotton is planted on shallow soils. Dry framing cotton can be a
profitable crop on the very best soils in the 450 mm. rainfall area. Too much of this cotton is
planted, however, on shallow soils, on hills and hill slopes. It should be restricted to the very deep
soils on the plains and valleys.
m. Overgrazing in the semi-desert has led in many places to an undesirable vegetation,
especially in the flood plains. Those plains, where water usually accumulates and which cover an
estimated area of one to two million hectares, are so heavily overgrazed that a non-palatable
vegetation prevails. With better grazing methods and seeding of better species, they could become
reasonably good grazing grounds.
Other examples of poor land use have been given in the general report on the soils of Syria.
3.

Landownership in Syria: a Note

In all steppe countries where agriculture is practiced, farms tend to be larger towards the drier
or riskier parts of less productive areas. It would be advisable to introduce a similar condition in Syria:
small farms on productive land, large scale farming on less productive or submarginal land. Here
the soil survey plays an important role. On the other hand, the problem of big landownership does
not exist in Syria to the same extent as in many other countries. There are many big landowners,
but most post-war progress in agriculture is due to those landlords who have the enterprise to invest
large sums in their holdings.
Syria is not overpopulated. Rents of the land are not high (7-10 percent of the harvest, in
Jezireh; 10-15 percent in Euphrates valley; 25 percent in Western Syria, but up to 40 percent in the
intensively irrigated cotton districts of Homs-Hamma. )
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The system of sharecropping has no more disadvantages in Syria than in Europe or elsewhere.
If the small tenant farmer does not gain much, he does not risk much. The man who takes the risk
(in cotton and sugar beet growing) is the absentee merchant, who hires a piece of land, installs a
water pump and tries his luck, without sufficient knowledge of farming. The small farmer is
handicapped by his continual debts, for which he pays very high interest.
By far the greatest part of agriculture in Syria must be large-scale mechanical farming, if it
is to be economic. It seems wiser to consider the large mechanized farm as a factory and to take
steps to improve the social conditions of the "factory workers. "
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REPORTS IN THE ADMINISTRATION OF MAJOR PROJECTS

1.

'Ain Al Naour Region (AI Ghab): Miscellaneous Soil Problems Regarding the Irrigation
and Drainage of the Area.

2. Mzerib - Tell Chehab - Zeizoun: Soil Survey and Appraisal of Irrigability.
3.

The Coastal Region: 1. Soil Survey and Irrigability of the Nahr al Kebir Valley.
2. Suitability of the Coastal Plains for Citrus Crops.

4.

Upper Orontes Plain: Soil Survey and Appraisal of Irrigability.

5.

Survey of Gully Erosion in the Coastal Hills, Jabal Al Akrad and Harim Regions.
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'AIN AL NAOUR REGION (ALGHAB)

MISCELLANEOUS SOIL PROBLEMS REGARDING THE IRRIGATION AND
DRAINAGE OF THE AREA
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A.
1.

SYNOPSIS

Purpose of the Survey

At the request of the Director-General of the Ghab Administration, some additional observations
regarding soils of the 'Ain al Naour area were made in order to answer a number of questions put by
Mr. P. de Gruyter, FAO Irrigation-Drainage Specialist. In addition, soils samples of 30 m. deep
borings were examined.
2.

Summary of the Results

The 'Ain al Naour area is a plain consisting of 1,250 ha. in the northwest corner of the Ghab,
to be irrigated independently from the 'Ain al Naour springs.
Field work was done in September 1958 and consisted of examining 25 profiles, as well as the
taluds of the Main Drainage Canal A from Karkour to 'Ain al Naour.
Infiltration and permeability tests were made at six profiles, of which the field capacity of
topsoil and subsoil was determined.
All soils in the 'Ain al Naour area have an upper layer of peat or peaty clay overlying compact
gray clay at 40-70 cm. depth. Only in the northern corner, 50 cm. of peaty clay is overlying fine
sandy loam and gravelly loam.
The upper layer of peat is usually coarse-textured Phragmites peat, which is underlain by
20-50 cm. diatomaceous earth. At certain places, the diatomaceous earth is found at the surface.
Water-holding capacity of the peat is high (150-200 percent per weight) and the permeability is very
high (k = 10-25 m/day. )
Immediately after drainage, the diatomaceous earth, as well as certain limited areas of the
peat, showed salinity which appeared to be predominantly MgSO^ While the origin of the salts could
not be determined with certainty, it is believed that they are local incidents that will disappear
quickly after drainage and irrigation.
The subsoil of gray clay forms a great contrast to the peaty topsoil. This soil is compact,
with a low pore space (30-50 percent), low permeability (k = 0.01-0.025 m/day), and dries out into
large prismatic blocks.
Preservation of the topsoil from oxidation and blowing away during the dry period is a problem
to which attention has already been drawn in the first stages of planning. Nedeco suggested deep
plowing. This is technically possible in 'Ain al Naour, but it is doubtful whether the long-term
advantages are great enough to justify the substantial costs. Underground infiltration by an
artificially high water level in the drainage canals will be, for that particular purpose at least, either
ineffective or increase the danger of salinization in the areas adjacent to the canals. This leaves
only one other possibility; namely, intensive cultivation , thus preventing the soil from long drought
and summer fallow. It also follows that the peat soils should be cultivated as quickly as possible
after drainage. Cotton, the standard crop under irrigation in Syria, will not be very suitable on
peat, but potatoes, vegetables and especially pasture must be strongly recommended.
Burning of the Phragmites stubble after drainage has been recommended for areas with thick
growth of reeds. This is at present being done and is not fallacious at all, provided that it is not
done at the end of the dry summer, when too much of the underlying decomposed peat will smoulder
away together with the stubble.
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The taluds of secondary canals, if dug in the gray clay or the fine sandy clay in the northern
part, can no doubt be kept 1:1. However, the taluds in peat will deteriorate rapidly by drinking
cattle and sheep.
B.

STRATIGRAPHY OF QUATERNARY SEDIMENTS

The Ghab is a graben filled with fine-textured unconsolidated marly material of unkown
thickness. A boring to a depth of 150 m. at Kerim showed nothing but plastic marls; a geophysical
sounding to an estimated depth of about 300 m. still revealed no change.
The plastic marls have been described by Voute as of Pliocene-Quaternary age. He mentioned,
however, the presence of fluviatile sands, coquilles and clays originating from a previous course of
the Orontes, called Paleo-Orontes. Some more details of these Paleo-Orontes sediments and the
latest swamp deposits which are posterior to them can be given.
1.

Pliocene-Quaternary Piastre Ma.rjs.

They are very compact, highly calcareous clays with a pore-volume of the order of 30-50
percent, which is very low for lake deposits of similar nature. High age and possibly periods of
drying may account for this. Nevertheless, when dry, these clays crack and aerate, and they do not
seem to be saline.
2.

Fluviatile Deposits of the Pale/) -Orontes

These outcrop predominantly in the northern part of the Ghab, south of Karkour. In the other
sections they have subsided and are covered by younger deposits. The soundings to a depth of 30 m.
made at nine places all over the Ghab give an idea of the level of the original surface of the fluviatile
beds. The profiles are simplified and shown on Figure 1.
In the southern part of the Ghab (sites 1 and 9), the old surface is at about 22 m. depth. More
to the centre, this surface is not reached by 30 m. borings (sites 2 , 8 ) . More to the north (site 3), it
appears at 28 m. in the east side, but on the west side (sites 4, 7) again it could not be reached.
At site 5, on the other hand, it shows up at 20 m . , and at Karkour (6) at 7 m. depth.
It appears that the Quaternary Ghab sediments are tilted towards the west, which could mean
that the faulting is still actively downthrusting the graben in the west I / , although normal subsistence
could also explain the phenomena. The slightly inverse character of the landscape also supports the
latter assumption. The Paleo-Orontes must be sought all along the east side of the Ghab. Subsidence
in the west has displaced the river to its present position. The fluviatile clays and gravels in the
subsoil at the east side of the Ghab explain the 3 km. wide level plain.
The sediments of the Paleo-Orontes are clays and fine sandy clays with gravel beds - often
conglomerated - at the old river channels. The maximum thickness is of the order of 20 m . , but
towards the swamps they fade out to a thickness of 2-3 m. Away from the old channels, the sediments
become highly calcareous with abundant freshwater shells. The shell fauna, however, has little
bearing on the environment of deposition; it is present in certain horizons of the lacustrine marls.

1/

Voute observed at 10 cm. displacement along a fault in the Quaternary basalts of Karkour.
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3.

Post-Fluviatile Sediments

The fluviatile clay with peat lenses of the Paleo-Orontes is at the subsided areas - that is, in
the swamps - overlain by gray marly clay, which is also very compact in appearance, although often
much softer than the bluish plastic marls. They sometimes look so compact that they resemble
sodium clays, but no analysis is available to prove this.
The gray plastic marls are overlain by a thin layer (0.50 m. ) of peaty clay, on top of which, at
many places, 0.2-1 m. of diatomaceous earth is deposited. The composition of the diatomes
certainly indicates that they have been deposited in shallow stagnant water, 2-3 m. deep, with growth
of acquaceous plants and of low salinity (up to 500 meq. Cl per L. ) The climate during deposition
was boreal, similar to the present climate in N.W. Europe.
The diatomaceous earth is topped by a layer of Phragmites-Cairex peat, 0. 50-1 m. thick,
except for areas where this has been washed away, especially in front of the springs. There, after
drainage, the diatomaceous earth is at the surface.
C. SOIL PROFILES
Three series of soil borings were made perpendicular to the main drain and six profiles have
been dug parallel to the main drain. The results are as follows (sites indicated on Figure 2) :
1.

Soil Borings
Series Ain alNa«aur
Al

70 cm.
150 cm.

Clayey peat
Gray plastic clay with shells

A2

30 cm.
125 cm.

Phragmites peat
Gray plastic clay with shells

A3

65 cm.
150 cm.

Phragmites peat
Gray plastic clay with shells

Series Tpll Safsafie
51

100 cm.

Peaty clay, Black Gray clay,
compact; water table.

52

45 cm.
5 cm.

Peat
Diatomaceous earth
gray clay with shells

53

65 cm.
30 cm.

Peat
Gray plastic clay
Clay with shells

Series Dweir
Dl

40 cm.
12 cm.
50 cm.

Peat
Gray clay, compact
Clay with shells
Gray compact clay
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D2

40 cm.
50 cm.

Peat
Clay with shells
Gray compact clay

D3

40

cm.

Peat
Compact gray clay

D4

50 cm.
40 cm.

Peaty clay
Shell layer
Gray clay

D5

60 cm.
30 cm.

Peaty clay
Shell layer
Gray clay

Soil Profiles Parallel to Main Drain A
Profile 1:

25 cm.
25 cm.
20 cm.

Phragmites peat
Diatomaceous earth
Peaty clay
Gray clay with shells

Profile 3:

45 cm.
5 cm.
35 cm.

Decomposed peat
Peaty clay
Gray clay

Profile 5:

35 cm.
10 cm.

Clayey peat
Gray clay
Fine sandy clay with fine gravel

Profile 7:

27 cm.
30 cm.
10 cm.

Peat
Peaty clay
Shells
Yellow fine sand stratified with <
abundant oxidation streaks

Profile 9:

35
10
5
8
160

Profile 11:

20 cm.
25 cm.
230 cm.

cm.
cm.
cm.
cm.
cm.

Phragmites peat
Diatomaceous earth, gray )
Diatomaceous earth, dark )
Diatomaceous earth, red )
Clay with shells
Compact clay
Undecomposed phragmites peat
Peat
Clay with shells Gray
Clay Groundwater at 250 cm.

Soil Borines at: 'Ain al Naour Springs
Boring 1:

0- 70 cm.
70-150 cm.

Phragmites peat
Gray clay, plastic and compact.
Permeability (k) as measured in
the borehole, in the order of
1-2 cm./h.
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4.

Boring 2:

0- 50 cm.
30- 80 cm.
80- 150 cm.

Phragmites peat, very wet
Peaty clay
Gray plastic clay. Below 120 cm.,
very compact.

Boring 3:

0- 30 cm.
30- 80 cm.
80-150 cm.

Decomposed black organic soil
Brown Phragmites peat, very wet
Gray plastic clay. Below 120 cm.,
very compact.

Boring 4:

0- 90 cm.
90- 150 cm.

Phragmites peat
Gray plastic clay

Boring 5:

0- 90 cm.

Phragmites peat
Auger hit stone, could not penetrate
deeper.

Boring 6:

0- 150 cm.

Phragmites peat

Boring 7:

(In ditch)

Gray plastic clay at 150 cm. below
surface, continues as far as the
auger reaches (•£ 2.75 below surface)

Conclusions

Except for the "channel" at the northern end of the spring area, the subsoil consists everywhere
of very compact plastic clays, which can be expected to a great depth. 80-90 cm. of loose Phragmites
peat is overlying the plastic clays. The gray clay could not be reached at the place of the "channel. "
D.

1.

APPRAISAL OF SOIL PROBLEMS

Infiltration, Permeability (k) and Moisture-Holding Capacity

The cylinder method of Musgrave was used to determine infiltration rates in the field. At each
site a profile was dug, the peaty top layer removed from the subsoil of gray clay and infiltration
determined in the profile floor of the gray clay and at a nearby place of the peaty topsoil (profiles 1,
3, 5, 7, 9, 11.) Later, the moisture-holding capacities were determined from the infiltrated sites
by weighing and drying of samples.
The peaty topsoil is very permeable, as could be expected, Values are obtained up to 25 m/day,
but with a usual value of k - 7 m/day.
The subsoil, on the other hand, has a very low permeability, with a lowest value of
k = 0.06 m/day, but values of k = 0.75 m/day are usual. The values for the moisture-holding capacity
(per weight) are very high for the topsoil, but not so extraordinary for the subsoil.
2.

Soil Structure

The peaty surface will decompose and disappear, irrespective of farming method. This means
that, after a number of years, farming must be done on the gray clay of the subsoil. At present, this
soil does not make a very favorable impression: very compact, low permeability, poor structure.
The question is whether or not the structure will gradually improve through cultivation. I believe it
will. At the same pace with decomposition of the surface, subsoil will be gradually plowed through .
the topsoil, giving a dark gray or black, heavy clay (as, for example, in the S. Bekaa valley.)
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Alternating summer droughts and root penetration will open up the subsoil. In this way, provided
drainage is well regulated, a very satisfactory agricultural soil will be formed.
3.

Sajjn^y and

The post-Paleo Orontes swamps have been subject to slow sedimentation under conditions of
high evaporation. No doubt a certain amount of salts have accumulated in the sediments. The
combination of species of diatomes indicate, however, that they were growing in stagnating fresh
water. While just after drainage certain peaty soils and diatomaceous earth were saline, there is
no evidence to show that the salts originated from the subsoil. The accumulation of salts at the
surface is presumably due to the extraordinary capillary movement of soil moisture to the surface
during the period of ripening of the swamp mud. After drainage, under present conditions of winterrainfall and summer-irrigation, it will disappear by itself.
4.

Preservation of the Peaty Topsoil and Choice of Crops

Slow oxidation of the humic topsoil is not harmful; it is a natural process and very difficult
to reverse. This does not mean, however, that the humus should be burned down as quickly as
possible. Deep plowing or artificially maintaining a high water level in the drains seem to be both
ineffective and expensive. The best way to preserve topsoil would be a suitable farming system.
Cotton grows vigorously on peat, but does not produce many bolls. This is true of sugar-beets, which
produce high yields, but little sugar. (These remarks are valid for the peat soils of the swamps,
but not for the clay soils of the present Orontes and of the Paleo-Orontes. These clays are very good
for both irrigated summer crops.) For the peat soils, priority should be given to vegetables, beans,
maize , potatoes and especially irrigated pastures. All kinds of combinations are possible, according
to need and availability of water.
5.

Diatomaceous Earth

Diatomaceous earth is the white, brown, gray or red coloured ashy material that outcrops at
many places in the former swamps. It easily blows away in large clouds in summer and, on hot windy
days, reduces visibility in the valley to only a few meters. Immediately after drainage, these soils
look desolate and bad, but after cultivation and mixing with peat or clay, as it is nearly always a
thin layer, they improve and probably have a favorable effect. If thick layers are found (not in
'Ain al Naour, where it does not occur more than 30 cm. at most), the possibility that it could be
purified and exploited should be investigated. Pure diatomaceous earth is a valuable material for
use in industry.
6.

Taluds of Drains

The compact subsoil of gray clay will tolerate taluds of secondary drains made at 1:1. For the
loose, peaty topsoil this will not be the case. It is doubtful, however, whether it will be easy to
maintain clean taluds, especially if dairying becomes an industry in the Ghab. Experience shows
that the animals drink from the ditch and thus increase cost of maintenance.
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MZERIB - TELL CHEHAB - ZEIZOUN
SOIL SURVEY AND APPRAISAL OF IRRIGABILITY
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A.

1.

SYNOPSIS

Purpose of Classification

At the request of the Director of the Department of Irrigation and Hydraulic Power, a soil
survey and irrigability classification of the area of Mzerib, Tell Chehab, Zeizoun, was carried out
to determine the most feasible areas to be irrigated.
2.

Description of the Area and Survey

The irrigation project includes the lands located in the triangle between the Jordanian frontier
in the south and the Nahr el Nehrer in the north and the contour of 485 m. in the east. The total area
surveyed is 20,000 hectares. Newly made maps 1:10,000 served as cartographic base. The Soil
Map accompanying this report is reduced to a scale of 1:50,000.
. The field work was carried out between April and July 1956. A field camp was installed on the
nursery of the Ministry of Agriculture in Tell Chehab, from which one or two survey parties operated.
The climate is that of the humid continental steppe with an average winter rainfall of over
400 mm., dry summer, fairly high humidity, high evaporation and mild winters.
Soils have been derived from basalts. They belong to the group of Grumusols.
The arable soils are all very heavy nontronitic clays, low in organic matter, self-mulching and
heavily cracking and churning to a depth of 50-60 cm. Deeper subsoil is usually compact and
prismatic in structure.
The base exchange capacity is unusually high (running from 50-70 m.aeq./l00 gr. soil.)
pH is high, but absorbed sodium is low. No salinity occurs. Field capacity is also very high,
running from 40-60 percent.
The infiltration rate is low, but seldom goes below 100 mm/h. The permeability fluctuates
for different soil types around the value of 25 mm/h.
3.

Result? of Classification

All soils within the irrigable perimeter come under Class 2, very suitable for irrigation.
They are outstanding cotton soils.
B.
1.

INTRODUCTION

Physiography and Geology

Wadi Midane skirts the southern periphery of the basalts: to the south (Eocene) marls, to the
north the basalts. This boundary is, however, irregular. The basalt flows which covered the
original rolling and slightly dissected surface of the marls, coming from the north, filled the valleys,
leaving the higher areas outcropping.
This old surface is responsible for the numerous springs of the area, where underground water,
percolating through the fissured basalts, is forced to the surface over the impervious marls.
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Under influence of the nearby Rift valley, the Wadi Yarmouk and al-Ehrer have deeply incised
the marls and chalks, but on the plateau basalts no valleys of any importance have yet developed; the
surface is gently rolling at the spring level of al-Achari - Mzerib - Yadoude; very level above and
below this spring level. The second spring level of Zeizoun - Tell Chehab is at the edge of the
Yarmouk gorge.
Wadi Midane was prevented from deeply incising the chalks by a threshold of basalt between
Abu Qantara and Tell Chehab which could not be removed. Upstream from Abu Qantara, the Wadi
has an undercut valley with a stratification of gravel and silt terraces. This is characteristic for
all other rivers in Syria U.
The temperature and rainfall curve of Tell Chehab shows the normal, simple distribution
characteristic for inland Syria.
2.

Vegetation

This area falls within the zone denominated "Syrian" by R. P-Ä. Mouterde, characterized by
abundant leguminoses, perennial gramineae and thorny Astragales **.
3.

Agricultural, History

Dry farming is of the conventional type, with equal areas under wheat (but practically no barley)
in winter, lentils and chickpeas in spring, and sorghum and watermelons in summer. No fertilizers
are applied in dry farming.
Crop cuttings were made to obtain a preliminary idea of yields and the inherent fertility of soils
under present farming conditions. Nine samples, scattered over the area but all on deep, red, level
land, have been taken. According to expectations, the variation in yield was considerable. Results
are tabulated as follows:
Wheat Samoles Mzerib 1956
1. Of

mple
1
2
3
4
5
6
7
8
9

Length of
Straw cm.

Yield of

90
100
85
90
80
60
85
72
105

1,950
1,425
1,600
1,785
1,500
875

1,625
1,525
1,920

Remarks
Haurani
Senator Capelli
Haurani
Haurani, some border influence
Haurani; weeds
Haurani; very loose soil
Haurani
Haurani; sloping land
Haurani

The yields are satisfactory for this type of fairly intensive dry farming. They show that the
inherent fertility must be good to sustain such a level in the course of so many centuries.
As yield sampling is time-consuming, a relation was sought between length of straw and weight
of grain. Under fairly similar conditions of soil and climate, and with the same variety, there might
be a reasonably close relation. The results of these measurements were encouraging and the
relationship deserves further investigation.
1/
2/

W. J. van Liere: Summary of Observations on the Quaternary of the Syrian Steppe.
FAO Report to Government of Syria No. 663: L'Ecologie Végétale et ses Applications.
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Irrigation farming on a small scale has always been practiced through very primitive diversions
in the valleys below the springs of Yadoude, Mzerib and Tell al-Achari. Vegetables were grown
exclusively.
When the Department of Irrigation and Hydraulic Power completed the new diversion from the
Mzerib springs, irrigating 2,200 ha. with an allotment of 0.5 L/sec., it brought an important
improvement to the region. Unfortunately, several factors co-operated to hinder a maximum
development. After the completion of the canal, cotton became at once the dominant crop. Yields
were, however, severely depressed by improper methods (too many light irrigations), weeds and
insects. In addition, the small farmer has not the capital to grow cotton and to wait for an income
until the end of summer. At first, the land was leased for cotton year by year to cotton growers from
Damascus and elsewhere. The cultivation of vegetables has now returned (eggplant, tomatoes,
cucumbers, cabbage, peppers, onions, etc.), predominantly for the Damascus market. Vegetable
growing meets with severe problems; for example, weeds and very serious plant diseases. A large
part of the land is owned by larger landowners, but here, unlike in other areas, they are not very
enterprising. They prefer to lease the land for the period of one single vegetable crop for a very
high rent, or to sell the water, instead of developing the land themselves.
As a result, full use is not made of the water available, nor can there be any question of a
regular distribution. This is clearly shown on the Land Use Map made for the lands below the existing
main canal. In June 1956 there was a considerable surplus of water in canals A and B, irrigating
sawah rice at the end of these canals. The rest flowed back unused to the Yarmouk gorge.
C.
1.

SOILS

Morphology and Classification Criteria
I.

Soils of Marl Origin

These are predominantly shallow and stony. They have no importance for irrigation, for
they outcrop only at hills topographically higher than the projected canals.
Other marly soils occur on the steep slopes of the deeply incised wadi valley. They are
of the rendzina type and are all non-arable.
H.

Soils of Basalt Origin

Two main types have to be recognized, the Reddish Brown upland soils and the Gray to
Gray-Brown valley soils. Both types are without much profile development, because the heavy
clays homogenize to a substantial depth by cracking and churning as they wet and dry.
Parent material, soils colour, depth, slope and stoniness have been the main morphological criteria for soil classification.
The Soil Map is very simple and explains itself: a level plateau of very uniform red soil,
dissected by shallow valleys with some shallow and some gray soils of varying stoniness.
The dissected main wadi s of Yarmouk and Al - Nehrer and some small chalky outcrops
on the plateau are the only exceptions to break the monotony of the landscape.
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2.

Analysis: Laboratory

No soil samples could be analyzed in the laboratory of the Ministry of Agriculture, and therefore, we must rely on the results of four topsoils analyzed in 1952 in the laboratory of the Tropical
Institute, Amsterdam, Netherlands, for a previous survey. These samples are taken outside the
survey area, but from the same soil types, and may, therefore, be considered as being representative
of the soils of the Mzerib-Zeizoun area. The analyses are:
ANALYSIS OF FOUR TOPSOILS FROM REDDISH BROWN BASALT SOILS IN SOUTHERN SYRIA

Particle Size Distribution in
Very
Coarse
Coarse
Fine
Sand
Sand
Sand
1000
1000-250
250-100
Qnaitra
Fiq
Bosra eski Cham
Deraa

1.5
1.pH

0.5
0.5

Q.
F.
B.
D.

8.2
8.2
8.4
8.9

Very
Fine
Sand
100-50

0.5
Organic Carbon

26
65
34.2
24.6

0.4
1.2
1.2
0.7

I.

0.5
0.6
1.5
1.4

62.65.59.5
70.Field Cap.
percent

13.9
16.4

Water Sol. Salts
Ca Mg Na HCOo
M.Eq./l00 gr. soil

0.45
0.3
0.3
0.55

33.5
34.5
37.26.5

0.1

Ejçtractable Cations
Ca
Mg Na K
M.Eq./lOO gr. soil
14.5
7.13.6
12.6

50-2

CaCOo
percent

0.4
0.45
0.3
0.3

Clay
2

sut

1.5
1.2.1.5

2.0.5
0.5
0.5

percent
Qnaitra
Fiq
Bosra eski Cham
Deraa

(pçrçentaee)

0.4
0.4
0.2
0.4

0.8
0.9
0.9
1.-

Cl

so 4

Total
percent

0.1
0.6
0.6
0.2

0.08
0.11
0.17
0.11

InterDretation

Very heavy soils with high pH, but little sodium. Free lime in the Mzerib area will be
somewhere between the first two samples (from a higher rainfall zone) and the latter two (from
a slightly lower rainfall zone); thus about 5-10 percent.
Extractable cations are very high. Significant is the high absorbed magnesium, which
appears to be the rule for all basalt soils.
No salinity.
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3.

Analysis: Field

Infiltration rates and permeability, as well as waterholding capacity (field capacity), were
determined in the field.
I.

Infiltration and Permeability

Infiltration rates are low to very low. The red upland soils can be compared against the
black valley soils. The average of the red upland soils is lower than that of the black ones and
even falls below the critical value of 10 mm/h. It does not follow that these soils are nonarable; but special care has to be taken with irrigation practices. The average for the upland
soils is of the order of 25 m m / h . , whereas this value for the black valley soils is 60 mm/h.
n.

Field Capacity

Field capacity is high to very high, and never decreases below the value of 30 percent,
often going as high as 45 percent.
A question i s , how much moisture remains in the soil from previous winter under normal
conditions of fallowing? This was measured in August 1956 with the following results :
Top:

0-5
8.12
38-42
90-95

cm.
cm.
cm.
cm.

10.25 percent
20. 36
23.33
"
25.19
"

Field capacity of this soil was 34.05 percent.
This indicates that moisture storage through summer in these heavy soils is much more
than is generally assumed, and it could probably be further increased by improved farming
methods.
D.
1.

APPRAISAL OF IRRIGABILITY

Standards and Specifications
The same standards and specifications have been applied as for the Khabour Valley.

2.

Irrigability Classes

Class 2. No Class 1 soils have been recognized in the Mzerib-Zeizoun area because of very
fine texture and low permeability rates. This appreciably limits a diversification of suitable types
of agriculture. Class 2 soils are all deep, level soils, both upland and valley. They are among the
best cotton soils to be found not only in Syria, but in the whole Middle East. Boulder-strewn, deep
soils have also been included in Class 2. Usually there are not too many boulders, arid fields can be
easily cleaned.
This means that all the soils within the irrigation project belong to irrigability Class 2, except
in some negligibly small areas along and in wadi valleys.
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E.

WATER DUTY AND IRRIGATION PRACTICES

Some general remarks on this subject are made in Section C - Khabour Valley (Irrigation Soils)
of the survey of Soil, Present Land Use and Land Capabilities of the Jezireh.
Under the prevailing conditions of soil and evaporation, 0. 5 L/sec/ha should be sufficient for
the normal rotation of cotton-cereals, provided efficient use is made of the available water. These
heavy soils need specially careful soil management, weed control, etc. Under improved conditions,
fewer and heavier irrigations are recommended in order to make better use of the very large water holding capacity of the subsoil.

MZERIB AREA
SOIL MAP

SOILS DEVELOPED ON BASALT
Well-drained (plateau and slope)
g] Reddish deep level
Reddish deep sloping
Reddish-gray deep level
K%1I Dull brown shallow sloping
Gray shallow sloping
Gray deep level
SOILS DEVELOPED ON CHALK
Reddish deep
Reddish shallow
Steep sloping chalks (valleys)
t ;:;| Boulder strewn
-;TI Ca concretions at the surface

STUDIED

AND

PREPARED

BV :

DR.

W.

S

VAN

HERE

G. 26601
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THE COASTAL REGION
1.

Soil Survey and Appraisal of Irrigability
of the Nahr al Kebir Valley

2.

Suitability of the Coastal Plains for
Citrus Crops
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A.
1.

GENERAL

Purpose of Survey
The survey of the Coastal Plains had a dual purpose :
I.
At the request of the Director of Irrigation and Hydraulic Power, a survey of the soil and
appraisal of irrigability was made of the low valley of the Nahr al Kebir below the contour of
50 m. and of the plain of Jebleh below the contour of 100 m. Irrigation projects have been
worked out for both plains; for the Nahr al Kebir by means of a barrage and storage of winter
flood water, and for the Jebleh plain by pumping the water of the River Senn.
n.
At the request of the Secretary-General of the Ministry of Agriculture, a general survey
was made of the Coastal Plains to determine their suitability for cultivation of citrus crops.
The results are presented in a combined report.

2.

Area and Survey

The surveyed area includes the low plains and valleys along the coast from the Nahr al Kandil
till Banias.
For the Nahr al Kebir, new topographic maps 1:10,000 served as mapping base; the Jableh plain
was prospected from airphoto s 1:8,000. The remaining area was mapped from airphotos with a scale
of 1:25,000, mainly by photointerpretation with very little field control.
The field work in the Nahr al Kebir dates from February-July 1957, but all other field work
was done at the end of 1958 and beginning of 1959.
3.

Climate and Soil

The climate is Mediterranean, with an average winter rainfall of 700 mm., a very long growing
period, rainless summer, but high humidity and very mild winters.
The zonal soils of the area belong to the Great Soil Group of the Dark Maroon. These soils have
a not very pronounced A-B profile and a high pH (7. 5-8.5); they are low in free carbonates, and under
conditions of good drainage they have a self-mulching structure of the upper horizon. The dark
maroon soils are either red (if developed on sandstone or Turonian limestone), or black (if developed
on marls), in between if developed on greenstone. Chemical and physical characteristics of these
soils are very similar, irrespective of colour. Many variations exist, however, and are due to
development and parent material of the soil. They are, for example, the fine-textured soils of the
bottom lands of the river valleys with calcareous soils of extremely poor and unstable soil structure.
The highly calcareous flood plain fans cannot be grouped into the pattern of zonal soil groups.
No other examples of soils with such extremely poor puddling structure are found in Syria, even
in desert areas.
Drainage is good, except for a limited area south of Lattaquieh in dune valleys and in Kraissoun,
but winter floods of torrential mountain wadis in the Jebleh plain must be controlled.
No salinity or alkalinity occurs.
The principal limitation for the development of orchards is the presence of a thick bed of
sandstone at shallow depth. This sandstone is present nearly everywhere below the 60 m. contour,
except in the over-deepened river valleys. Soil depth is very irregular and cannot be indicated on
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any soil map of a generalizing nature. Before planting an orchard, one should always check the depth
of the soil for each individual case. However, as a rough estimate, one can be sure that between
3-4,000 hectares of first-class citrus soils are to be found.
All soils in the Nahr al Kebir valley show a satisfactory permeability rate, but the moisture
holding capacity is somewhat lower than usual in Syria. For the sandy soils near the coast, this is
understandable. The explanation for the clay soils is probably a different dominant clay mineral.
This may be mainly illite originating the blue clays of the Plaisancian and the fine sands of the Âstieh,
from which these soils are directly derived. The differences do not, however, influence the
irrigability class in which the soils are being classified. For the Nahr al Kebir they all come under
Class n arable. The same is true for the Jableh plain, except for very shallow areas, outcrops and
limited areas of unfavorable topography.
4.

Agriculture

Compared with the difficult and narrow fields in the hills, the agriculture of the low valleys
and plains appears to be very backward. Winter cereals, sorghum, sesame and recently dry land
cotton are the main crops, while a large percentage of the land remains in fallow. The completed
irrigation of the Senn has brought some improvement with irrigated cotton and vegetables on the red
soils around Jebleh. The slow progress appears to be mainly due to unfavorable conditions of land
tenure. The region of red soils north of Lattaquieh, around Damsarko, is more advanced, with an
increasing area under citrus and vegetables.
If there is one area in Syria that can rapidly be improved and transformed into diversified
agriculture with highly valuable cash crops, it is on the Mediterranean Coastal Plains. Citrus fruits,
vegetables under irrigation, dairying on irrigated and dry land pastures instead of fallowing, and
possibly new crops such as subtropical sugar cane, winter sugar beets, peanuts and soybeans, open
many possibilities for diversification. Each, however, requires substantial investment of capital.
B. GEOLOGY AND SOILS
1.

Geology
I.

Pleistocene

The Quaternary marine deposits south of Lattaquieh consist of sandstone and gravel, those north
of Lattaquieh of sandstone only. They have a remarkably limited extension; the substratum is
everywhere at, or near, the surface. This would probably mean that, contrary to the Pliocene
(Plaisancien), the waters of E. Mediterranean were as clear during the whole of the Quaternary as
they are today.
The Pliocene, very well developed south of Lattaquieh, consists of predominantly unconsolidated
beds of yellow silt and blue clay, alternated with thin layers of limestone. Both silts and clays are
often very rich in fossils.
For the Tripoli area, the 200 m. escarpment has been considered as the oldest Quaternary level,
and the same assumption can be made here. Above 100 m. extends a gently westwards tilted plateau ,
probably the abrased level of the Pliocene sea, which can be followed all along the coast, very much
dissected by Quaternary erosion. While the 100 m. level appears to be everywhere perfectly level,
the upper plateau is certainly distorted with an upward thrust in the north towards the J. Aakra.
Below the 100 m. extends a very gentle sloping coastal plain 70 km. long, 7 km. wide,
interrupted only by the narrow anticline which forms the promontory of Lattaquieh.
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No attempt will be made to present a detailed reconstruction of the very complicated Quaternary
sequences. The dominant ones will be discussed only as they appear in their chronological succession.
(a)
The 100 m. Level This is a quasi-permanent uplifted beach-level, visible everywhere
except where valleys deeply dissect the Pliocene plateau. The 100 m. escarpment has coastal
conglomerates and sandstone connected to it in very limited extent at many places.
(b)
The Paleo-Nahr al Kebir Wetzel and Haller " described as final Pliocene or
Villafranchian extensive gravel beds overlying the Neogene plateau of Zharta south of Tripoli and
along the course of the Nahr al Barid north of Tripoli. Although not dated with significant fauna,
these gravels are certainly post-Plaisancien and their stratigraphical position suggests early
Quaternary.
A very analogical situation exists at the Nahr al Kebir of Lattaquieh. Here a funnel-shaped
valley of remarkable dimensions is dissected in the Pliocene silts against the anticline of Lattaquieh.
This paleo-valley related to a higher sea-level than the present one and consequently "hangs now in
the air. " Relics persist in the form of butts and "lambeaux" of conglomerates; the rest was eroded
during later phases of the Nahr al Kebir and tributaries.
Cross-sections as well as lower Paleolithic tools, rolled and partly water-polished, suggest
one gigantic channel filled with gravels, sands and clays, without much stratification.
(c)
The sandstone Soon after, or possibly partly contemporaneous with, the deposition of
the gravels of the Paleo-Nahr al Kebir occurred a deep regression during which sandstones were
formed that covered most of the coastal plain. They go down below the present sea level, where they
reach a thickness of over 5 m. and fade out at the level of 60-70 m. These sandstones occur all
along the Eastern Mediterranean. In the surveyed area alone, they cover 175 km. 2. They are
mostly of aeolian origin, but with local lenses of beach sand. They may well be predominantly
regression dunes.
This is the stone which is used for building, including the Roman amphitheater of Jebleh and
the royal bronze-age palace of Ugarith.
(d)
The 50r 30f 15 and 6 m. Beaches These four beaches align in regular succession over
the coastal plain, interrupted only by wadi and river cuts or obliterated by later sedimentation. They
are all posterior to the sandstone (although they may have some limited sandstone of their own), but
anterior to the important phase of colluviation. No dune or soil or other formation could be located
between them. It is suggested, therefore, that they belong to one single transgression. The three
lower stadia could be prolonged interruptions of the retreating sea.
On limestone and hardrock, the beaches are marked by coastal escarpments and gently sloping
abrased platforms. This is very clearly seen at Karako, at the promontory of Lattaquieh and at the
Senn north of Banias.
As at Ras Beyrouth, the platforms of Lattaquieh belong to the 100 (or 80?) 50, and 15 m. level.
The 30 m. and 6 m. apparently had not sufficient duration to abrase the rock. On the other hand, the
30, 15 and 6 m. levels are very well visible, abrased on the sandstone north of Lattaquieh. South of
Lattaquieh, the picture is entirely different. There the beaches are not marked as abrased platforms,
but as 100-200 m. wide gravel strips. This shows clearly that the gravels originate in the paleoNahr al Kebir and adjacent streams and were redeposited at the nearby beach. During the regression,
the Nahr al Kebir gravels evidently eroded; the levels correspond roughly to the sea levels and are
beautifully demonstrated from the river mouth to 30 km. upstream. These are predominantly abrasion
terraces in older clays and gravels, but some later flint tools in the gravels of al Chir and undisturbed
sediments of the braiding river type suggests that locally important temporary sediments were left
behind.
1/

Notes et Memoires, T IV, 1943.
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Some of the beach gravels are conglomerated, others not; usually they are hardly visible in
the landscape, but in a few places they are still real gravel mounds. The 6 m. gravel beach is
developed only south of Jebleh, where it follows the present coastline.
(e) Over-deepening of the YflUeys on the Pliocene and Shotter Deposits in Fans on the
Limestone The Nahr al Kebir, Snoubar, Rous and Moudiq all have funnel-shaped, flat-bottomed
valleys. This suggests under cutting, which, however, is not so easy to detect without deep borings
and samples. Two boreholes near the mouth of the Nahr al Kebir were made, but no samples were
kept. I have to rely on the approximate records of the overseer who directed the boreholes and on
the examination of the soil that had been removed and was still present. The first borehole near the
plywood factory showed 35 m. uniform yellow clay soil. The second one near the stores of the
factory, about 1 km. further to the west, was approximately as follows:
gray clay
6

yellow clay
28

black clay
30

white clay
38

sand and shotter
On the strength of this evidence, Quaternary unconglomerated gravels at 32 m. depth, and of
the morphology of the valley, I believe that the flat-bottomed valleys of the four rivers are undercut
to at least 35 or 40 m. depth. The valley incision and undercutting is posterior to the 6 m. sea level.
It is obvious that, in addition to a very low sea level, the erosive forces of the four rivers must have
been many times greater than they are now.
Undercutting of the valleys occurs only where the substratum consists of soft, unconsolidated
clays and silts. Where there is a substratum of hard rock, the valleys are not undercut, but fans of
large and irregular pebbles spread over the Coastal Plains. At many places, the pebbles are visible
in wadi cuts, and in the plains they can be observed in wells. These shotter-fans also represent a
period of heavy run-off, many times heavier than now. Consequently, it must have been a more
rainy and/or colder period. The process of colluviation slowed down, however, because all gravels
are covered by a sheet of black, fine gravelly clay. This is a decalcified soil, the weathering product
of marls and soft limestone of the foothills, which slowly crept down by a process of sheet erosion,
but without the torrential forces which brought the large pebbles. Most of the black clays go down to
the Pleistocene.
H.

Holocene

Unlike in Western Europe, the boundary between Pleistocene and Holocene cannot be accurately
determined. Yet it is believed that the terms can be used here, because of the features in contrast
to the previous Pliocene. These contrasts are connected with the rising of the sea level to its present
position, the dessication of the climate and the consequent deterioration of the vegetational cover of
the coastal hills. The most important actions can be summarized as follows:
(a)

Filling of the overdeepened valleys.

The rapid rise of the sea level caused a filling of the funnel-shaped valleys of the lower course
of the rivers. This valley filling is a fine-textured silt, primarily originating the Marine Pliocene.
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Much of the sediment is washed in from the valley sides, while a lesser part originates the headwaters. The rivers seem now to be transporting very little coarse debris in their beds, even during
winter floods.
(b)

Colluviation of fine gravelly calcareous clays.

In the shotter area of the Jebleh plain, an entirely different sediment deposited. Floods from
the denuded chalk hills washed down highly calcareous white and gray soil with some rock debris.
These white soils contrast sharply with the older black and red soils. They originate in the valleys,
but spread out in the plain in numerous fans.
(c)

Blocking up of the valleys with dune sand and storm beach gravel.

All valleys are now blocked, either by dune sand, like the Nahr al Kebir, Snoubar and Moudiq,
or by Holocene storm beach gravels, like Senn, Bourghoul. The storm beaches are 2-5 m. above
the present shoreline. They are sometimes erroneously taken for a higher sea level than the present
one.
Valley fillings, colluviation and blocking of valleys by dune sand and beach gravels still go on.
2.

Soils
LEGEND
Soil map of the Coastal plains of Lattaquieh.
Red, sandy loam on sandstone
Black colluvium, clay on sandstone
Black colluvium, clay on Pliocene clay
Black colluvium, clay on shotter
Gray and white colluvium, clay on marl and limestone
Pleistocene storm beach gravels
Holocene storm beach gravels
Dune sand
Valley bottom land, yellow and gray fine sandy clay
Flood plains and river beds
Conglomerate on Pliocene clay
Yellow, fine sandy clay
White and gray recent flood plain fans, clay

1
2
3
4
5
6
7
8
9
10
11
12
13

The following classification of soils is represented on the map:
1. Red sapflyloam on sandstone. The red sandy loam is the product of weathering of the
sandstone. It is a striking feature in the landscape and occurs all along the shores of the E.
Mediterranean. Usually the soils are shallow, but they sometimes obtain a depth of over 1 m. to
bedrock.
2. Black colluviumr clay on sandstone. This soil has "crept" down from the nearby hills by
a process of slow sheet erosion. It is usually shallow. Sometimes a layer of red sandy soil is found
between the underlying sandstone and the overlying black clay.
3. Black colluvium, clay on Pliocene clay. This is the same soil as 2, but with a different
subsoil; the sandstone is absent. In the Jableh plain it occurs roughly between the contours of 60
and 100 m.
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4. Black colluvium on shorter. Same soil as 2, 3, but with a subsoil of pebbles. It occurs
in the southern part of the Jebleh plain.
5. Gray afld. whi,te colluyüvn» clay o n nflT*! a^d, limestone. Same soil as 2, 3, 4, but with a
subsoil of marl or limestone, usually at shallow depth. It occurs predominantly in the plains north of
Lattaquieh, but also in the southern part of the Jebleh plain above the 50 m. escarpment.
6. Pleistocene storm beach gravels. They are very gravelly soils, but usually not
conglomerated and, therefore, still arable. The soil itself is of the black colluvium type. They
occur only south of Lattaquieh in parallel strips till the Nahr al Bourghoul.
7. Holocene storm beach gravels. They are strips of gravels without soil. They occur at
the embouchure of Nahr al Senn and the Nahr el Bourghoul.
8. Dune sand. Recent yellow dune sand, building up mainly south of Lattaquieh and at the
mouth of the smaller rivers. Most of it is non-arable sea dunes, but at the mouth of the Nahr al Kebir
an important level area is cultivable.
9.

Valley frottom land.

Yellow and gray fine sandy clays.

10. Finnd plains and river beds. They are the annually shifting deposits in, or adjacent to,
the principal beds of rivers and wadis. In the bed itself they are sandy, gravelly, but the adjacent
areas are fine-textured, silty clay.
11. ConglorHifira.te on Pliocene clay. They are the remnants of the paleo-Kebir bed; they stand
up as small islands in the valley of the Nahr al Kebir.
12. Yellow, fine sandy clay. These are yellowish soils of the usually steeply escarped valleys
in the Marine Pliocene. They are permeable, but structure is very poor. The degree of movement
of topsoil by gully and sheet erosion is very high and there i s , therefore, little profile development.
13. White and gray recent flood plain fans, clav. These are highly calcareous soils, spread
out over older surfaces (black colluvium or red sandstone) as small, irregular sheets. To a limited
extent the process is still going on.
C.
1.

IRRIGABIIITY OF THE NAHR AL KEBIR. yAT.T.F.V

Analysis * Laboratory

No chemical analysis of soil samples from this area could be made in the chemical laboratory
of the Ministry of Agriculture. No other data are available from previous surveys, either from the
Nahr al Kebir valley or from any other comparable area of the Mediterranean coast. This is the
more regrettable because here parent materials differ from those of other parts of Syria. Little can
be stated, therefore, about the chemical and mineralogical composition of these soils.
2.

Analysis: Field

Infiltration and permeability rates, as well as water-holding capacity (field capacity), were
determined in the field with the cylinder method of Musgrave and weighing and drying of samples
from infiltrated spots.
(a) Infiltration and permeability. As was expected, the sandy soils around the embouchure
of the Kebir give different results from the valley clay loams. The valley soils show a wide variation
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in permeability, varying from a maximum of 2.5 m/d to a minimum of 0.12 m/d, with an average of
around 0.75 m/d. Their moisture holding capacity averages only 26 percent per weight. This Is low
for such a fine-textured soil, and its clay minerals may not be the usual montmorillonitic type.
The soils from dune sands show a variation in permeability from 12.5 m/d maximum to 2 m/d
minimum, with an approximate average of k - 4 m/d. The average water-holding capacity of the
sands is 16 percent per weight. According to the standards of irrigability applied for the other
irrigation surveys in Syria (see Irrigability of the Khabour Valley: Section C of Survey of Soil, Present
Land Use and Land Capability of the Jezireh), all valley soils, including the level sandy soils of the
coast, come under Class 2 arable, with little variation.
D.

SUITABILITY <XF THE COASTAL PLAINS FOR CITRUS CROPS

The main criteria for suitability of soil for cultivation of commercial citrus plantations are
soil depth and degree of décalcification. A good citrus soil should be at least 1 m. deep till bedrock.
Soil depth is so variable over short distances that it could not be indicated on a map of this scale.
Before planting an orchard, soil depth should always be measured. Soil depth is the principal
limitation of citrus cultivation along the coast. In the whole of the surveyed area, not more than
3-4,000 hectares of deep soils can be located.
Another limitation is the abundance of lime in many soils. This is especially true for the
recent fans (13) and valley bottom land (9,10.) All the valley bottoms are deep, as well as most
of the recent fans. They are, however, very calcareous and they are handicapped by very poor
structure of the soil. In fact, few soils in Syria will be more puddling and form such a hard and
multilayered surface crust. It may well be that citrus with permanent undergrowth of grass provides
the best method of overcoming the serious chloroses which occur in the orchards on these soils.
The suitability for cultivation of citrus can be summarized as follows :
Soil
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.

Red, sandy loam on sandstone
Black colluvium, clay on sandstone
Black colluvium, clay on Pliocene clay
Black colluvium , clay on shorter
Gray and white colluvium, clay on
marl and limestone
Pleistocene storm beach gravels
Holocene storm beach gravels
Dune sand
Valley bottom lands, yellow and gray
fine sandy clay
Flood plains and river beds
Conglomerate on Pliocene clay
Yellow, fine sandy clay
White and gray recent flood plains,
clay

Suitability for Citrus
Very good, if deep
Very good, if deep
Good
Good, if deep
Not suitable
Suitable, if not conglomerated
Not suitable
Good in the depressions, if well drained
Doubtful, further research necessary
Not suitable
Not suitable
Not suitable (?)
Not suitable.
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ANNEX I
IRRIGABILITY OF THE JEBLEH PLAIN
Interim Report dealing with the Chemical Analysis of
24 soil samples (14 profiles)

by
Mohammed Helmi Selim and W. J. van Ldere

The soil survey and irrigability classification of the Jebleh plain was carried out in the winter
of 1958-1959. The field work was completed except for some infiltration tests, but the final soil
map could not be completed before delivery of the base maps.
At the request of the Director of the Department of Irrigation and Hydraulic Power, an interim
report is presented on the results of the analysis of the first 26 soil samples from the Jebleh plain.
The soil samples are taken from 14 profiles, representing the most important of the recognized
soil types.
The distribution of the profiles among the types is as follows :
3 profiles
5 profiles
2 profiles
2 profiles
2 profiles

(Nos. 6, 7, 28) on red soil on sandstone (Type 1)
(Nos. 9, 10, 11, 17, 36) on colluvium (brown-black) on sandstone (Type 2)
(Nos. 21, 23) on holocene stormbeach gravels (Type 7)
on calcareous flood plain silt (Type 13)
on waterlogged soils of Type 2.
A.

1.

DISCUSSION OF RESULTS

J2ÏL

All soils are alkaline, without much relation to soil type. Only the red soils on sandstone are
neutral to slightly acid.
2.

Electrical Conductivity and Water Soluble Salts

No salinity occurs in the region. The electrical conductivity varies from 0.1 - 0 . 3 millimhos.
Soluble salts consist predominantly of the bicarbonates and sulfates of calcium and magnesium. The
amounts of chloride are negligible (0.1 - 0.2 m. aeq. percent Cl.) In the waterlogged soils, more
salts have accumulated, but mostly as gypsum; the electrical conductivity of these samples remains
low, between 1.2 and 1.95 millimhos.
3.

Exchangeable Bases

Exchangeable bases are high to very high, with calcium far dominant over magnesium. The high
exchange capacity indicates a montmorillonoid type of clay mineral dominant in soil. This accords
with observations elsewhere in Syria.
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4.

CaCOS

While the other chemical characteristics are not very variable, the content of calcium
carbonates in contrast is very fluctuating. Great differences exist between different soil types :
Type 1, red soil on sandstone, is nearly entirely decalcified, in topsoil as well as subsoil.
Only one sample does not follow this rule, with the extraordinarily high amount of 56 percent CaCC>3.
This is a colluviated mixture, and can be considered exceptional.
Type 2, black colluviated clay on sandstone. All samples nearly entirely decalcified, except
one profile which has between 30 and 40 percent CaC(>3 in topsoil and subsoil.
Swamps on Type 2 have accumulated various amounts of CaCO» in subsoil and topsoil, no doubt
an enrichment from the groundwater.
Type 7, Holocene stormbeaches. These soils are calcareous throughout.
Type 13, recent flood plain silt. These soils are excessively calcareous with values of
70 percent CaCO3 in topsoil and subsoil.
B.

CONCLUSION

A great variety of soils exists in the Jebleh plain, related to differences in soil depth and
contents of free carbonates.
Free carbonates are a very important criterion for the suitability of citrus crops. Commercial
citrus growing on calcareous soils is very difficult, if not impossible, because of the abundant
occurrence of growth deficiencies and consequent yield depressions, dying of trees and diseases.
For citrus crops, therefore, only Types 1 and 2 are suitable.
Type 1 is especially good for vegetables. All soil types are suitable for crops like cotton,
sugarbeet, cereals, sorghum and pasture.

ANNEX 2
CHEMICAL ANALYSIS OF 26 SOIL SAMPLES

Profile
No.
6

7

Depth

pH

0- 30
30-140
0-140

7.4
7.2
7.9
6.35
6.9
6.4

0- 20
20- 70
0- 70

E.C.
mlllimhos

m. e.
percent

250

soil

0.375
0.2
0.3

1.88
1.0
1.5

NU

0.05

n

0.25
0.2

0.25
1.25
1.0

gm.

m.e. percent 5m. soil
Anions
Cations
Mg
HCO3
Cl
Ca
co 3
so4
n
n

n
it

1.26
0.37
0.47

0.45
0.2
0.35

0.3
Nil
1.0

25.83
30.94
26.87

4.0
6.0
6.0

0.04
0.30
0.65

0.18 0.1
0.2 0.24
0.07 0.10

0.11

0.20
0.2
0.2

Nil
0.15
0.05

16.04
24.73
21.57

4.0
4.0
4.0

0.15

1.5

29.36

5.0

0.15

0.6

30.65

5.0

8.0

0.15

0.75

it

0.46

0.14

10

0- 20

8.1

0.1

0.5

it

0.61

0.13 0.15

12

16

7.85

0.3

NU

1.5

ii

0.43

0.12 0.3

n

1.22
0.78
0.61
0.83
0.76
0.8

0.2 0.22
0.2 0.24
0.35 0.36
1.12 5,18
2.59 6.82
1.98 2.74
0.24

0- 15
15- 40
40-100

8.05
8.15
8.2

0.3
0.25
0.25

1.5
1.25
1.25

0- 2
2- 25
25-100

8.2
8.05
8.1

1.5
1.95
1.2

7.5
9.75
6.0

n

it

n
ii

n

Ex.
Mg.

0.14 1.2
0.17 0.6
0.1 0.72

0- 50
0- 30

Ex.
Ca.

0.52
0.22
0.61

9

11

CaCO3

0.12
0.3
0.46
0.41
0.68
0.81
0.59
0.67
1.22
2.4
0.41
0.49
0.29
0.09
0.34

0.15

1.4

33.89

4.0

0.35
0.35
0.40

7.6
20.0
40.0

56.06
42.64
28.43

8.0
10.0
8.0

0.9
1.45
0.8

28.4
14.1
22.6

26.68
27.62
16.6

14.0
14.0
14.0

0.10

6.3

41.9

6.0

0.15

14.8

17.25

8.0

0.15
0.3

30.6
43.7

32.15
18.09

11.0
11.0

17

0- 15

8.0

0.2

1.0

n

0.61

21

0- 25

8.6

0.2

1.0

n

0.83

23

0- 20
20- 50

8.3
8.6

0.1
0.3

0.5
1.5

it

28

0- 30

8.6

0.2

1.0

II

0.56

0.08

0.41 0.45

0.25

56.8

18.14

5.0

36

0- 35
35-100

7.7
8.5

0.15
0.2

0.75
1.0

ti

n

0.61
0.52

0.07
0.24

NU 0.47
0.01 0.56

0.15
0.20

27.4
26.4

49.3
47.0

6.0
6.0

42

0-100

8.5

0.20

1.0

n

0.61

0.30

Nil

0.20

65.4

14.7

8.0

53

0- 35
35- 60
60-100

8.8
8.5
8.4

0.18
0.1
0.1

0.4
0.5
0.5

n

0.52
0.43
0.7

0.08
0.04
0.02

0.03 0.37
Nil 0.3
0.03 0.38

0.2
0.25
0.4

73.1
73.5
66.2

12.45
13.67
20.97

4.0
4.0
6.0

it

n

NU

0.14 0.05
0.17 0.08 0.21
0.74 0.43 0.41

0,4

I
(-»
CO

I
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UPPER ORONTES PLAIN
SOIL SURVEY AND APPRAISAL OF IRRIGABIIJTY

_ 137.

)RONTES PLAIN SOIL SURVEY AND APPRAISAL OF IRRIGABILITY

A.
1.

SYNOPSIS

Purpose of Classification

At the request of the Director of the Department of Irrigation and Hydraulic Power, a soil
survey and irrigability classification was made of part of the Upper Orontes plain to determine the
most feasible areas to be irrigated by gravity from the upper course of the Orontes River.
2.

Description of the Area

The irrigation project includes the lands located on both sides of the river below the 535 m.
contour, totalling 3,000 ha. on the left bank and 22,000 ha. on the right bank.
The soil survey was carried out for a bigger area: namely, for the lands below the contour
of 550 m., including an area of approximately 40,000 ha. For the field work, airphotos ten years
old were available, and maps were drawn from them with great difficulty. For the final soil maps,
the co-ordinates of the existing maps 1:50,000 were used.
The field work was done between July and November 1956. A field camp was installed at
Kattine dam, in the middle of the survey area, from where two survey parties operated.
The climate is that of the transition between Mediterranean and Continental steppe, with an
average of 350 mm. winter rainfall, dry summer, medium low humidity, high evaporation, mild
winters and persistent, strong summer winds.
Soils have been derived from lacustrian marls (Pontian) and from fine textured colluvium
(Pleistocene. ) As a rule, the latter are dark purplish red, whereas the former are white, gray and
grayish brown in colour, depending on their development. The arable soils are predominantly
heavy montmorillonitic clays, low in organic matter, but that does not prevent the red clays from
having a loose friable structure to a depth of 20-30 cm. ; the white soils, on the other hand, are
more the puddling type. For both types, base exchange as well as water-holding capacity are high.
Salinity does not occur in any place, whereas permeability shows the satisfactory values of
7-30 cm. per hour.
Although soil itself and topography are very favorable for irrigation, soil depth is an important
limiting factor over considerable parts of the area.
3.

Results of Classification

Of the lands below the contour of 535 m., the following areas are classified as far as
irrigability is concerned:
Class
Class
Class
Class

2:
3:
4:
6:

Very good land
Good land
Limited arable
Non-arable

8,000 ha.,
1,250 ha.,
6,000 ha.,
9,750 ha.,

or
or
or
or

32 percent
5 percent
24 percent
39 percent.
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B.
1.

INTRODUCTION

Physiography

The survey area is the central part of a lacustrian surface and, therefore, very level.
The only accidents are caused by posterior drainage. Hitherto, however, those drainage valleys
have been poorly developed and, consequently, the land makes a very level impression. Certain
areas are perfectly level, others gently rolling.
2.

Geology

On the geological map the area is indicated as Pontian. This Pontian consists of thick layers
of lacustrian marls, which are covered by basalts in the west and by Neogene gravels in the south.
It is an area of recent subsistence, belonging to the J. Helou transversale depression, and it appears
that at least the centre of the basin has been covered by a lake more recent than Pontian. Only a
section of the basin was surveyed and, therefore, the largest extension of this second lake could not
be determined. It is likely that this lake was caused by a temporary blocking of the Orontes
drainage at the latitude of Rastane, possibly in combination with slight orogenetic movements.
At a certain moment, drainage was restored; the lacustrian marls dried up and became heavily
encrusted.
During the next period, an irregular sheet of pebbles and clays colluviated over the encrusted
marls of lake I as well as those of lake n. This process of colluviation slowed down and the
colluviated material became fine-textured. Ultimately, a sheet of red clay was laid down, in most
of the area as an irregular pattern running SE-NW in accordance with topography. Both gravels and
clay are the weathering products of the surrounding Eocene hills, as is proved by the large amount
of small flints present in both, but absent in the underlying lacustrian marls.
Ultimately, a new drainage system was formed in the northern direction, obliquely to the
SE-NW direction of the colluviations (Wadi Assouad, Maaretye, Meidani. ) The same is true in the
south, where the Wadi Rabiaa formed a new drainage system around the J Hassye.
A problem is, where was the Orontes at the time of lake II and after? No river deposits, nor
a valley of any importance, are found between the Lebanese frontier and Rastane, contrary to its
middle course downstream of Rastane, which is a pronounced under-cut valley. One explanation
may be that Quaternary basalt flows have filled the paleo-Orontes bed in its upper course, forcing
the river into a more eastern track. Only detailed observations, and possibly some borings, can
prove or disprove this assumption.
Dating the gravelly colluvium is at present impossible, but the clay sheet on top contains
Acheuleen handaxes at their base and Epi-Paleolithicum at the surface. This suggests that the
process of colluviation was contemporary with Middle-to-Upper Paleolithic or, in other words,
Grimaldian.
The clays overlying the pebbles are red. This clay colluviated as red soil and has not been
weathered in place. Its formation must be either Grimaldian or pre-Grimaldian, most likely both.
Post-Grimaldian times are characterized by a severe change in climate, which became
considerably drier. Marly outcrops in the area weathered in the absence, or near absence, of
vegetation to brown or gray-brown highly calcareous soils, which are found scattered all over the
area, mostly as smallish and irregular patches and usually around the higher elevations I / .
1/

For more details on the geology: W. J. van Ldere, Summary of Observations on the Quaternary
of the Syrian Steppe.
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3.

Vegetation

The Upper Orontes area falls within the zone named "Syrian" by R. P.H. Mouterde. Two
distinct associations can be recognized: namely, "humid Syrian, " characterized by abundant wild
leguminoses (Trifolium, Medicago. Vicia,. Lathvrus) and perennial gramineaes (Hordeum, Dactylis
hvspanica. ) Thorny Astragales are absent.
The "dry Syrian" zone, entering the area in the south, is characterized by less abundant wild
leguminoses, but more Trigonella and_SjiBa_and thorny Astragales 1/.
4.

AgricuTfrirf^ History

The region of Horns is covered with a classical example of Roman centauriations, and many
field boundaries, tertiary roads and village emplacements still go back to the old pattern. Most
striking are the ancient irrigations of the township of Horns. Classical agriculture was slightly
different from the present old-fashioned system; more fruit, grapes, vegetables were cultivated,
probably together with more livestock 2/.
Present agriculture, more often referred to as "archaic," is much more monotonous, with
cereals and fallow and some lentils and chickpeas. On the better land, a three-year rotation is
followed with water-melons inserted as a summer crop.
Yields were not measured for these crops during the survey, but it can be estimated that,
for normal years and on good soils, these amount to about 800 kg. for wheat, 700 kg. for lentils
and 10,000 kg. for water-melons. Gross income per hectare for all these crops is of the order
of 200 Syrian pounds; net income is about 50-70 Syrian pounds per hectare.
Irrigation has been practiced since ancient times, from gravity canals, springs and primitive
waterlifting devices along the Orontes. Most intensive were those in the immediate surroundings of
the town of Horns (fruit, vegetables), whereas those south of the Lake of Homs were extensive
(winter crops with maize and sorghum. )
In recent years, the 60 km. irrigation canal of the Homs-Hama scheme and numerous private
pumps, sucking small quantities of irrigation water from wells, have brought an important change in
the agriculture of the area. Cotton, onions and sugar beets are now the crops of most importance
under irrigation. Future developments of the sugar beet area is hindered, however, by the higher
requirements of management, including weed control and fertilization; onions and other vegetables
by the limited markets. Thus, cotton became the most important crop under irrigation. Under
conditions of reasonably good management and in years of normal prices, the net income of these
three major crops under irrigation amounts to 400-500 Syr. pounds per ha.
C. SOILS
1.

Morphology and Classification

It is convenient to separate the soils into two groups; namely, the Reddish Brown Chestnut
Group and the Gray Merj Group.
Reddish Brown Chestnut are seldom autochthonous. Different horizons of the profile have
been deposited during different periods and cannot be explained as simple features of soil formation.
1/ For details on the "Syrian zone": FAO Report No. 663, "L'écologie végétale et ses applications
(en Syrie). "
2/ W. J. van Liere, "Centauriations Romaines en Syrie Occidentale. "
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Topsoil is usually fluffy, self-mulching, heavily cracking type of clay. Weakly developed Al.
Subsoil (B) compact, prismatic structure. Underneath gravels, encrusted gravels or encrusted
marls are found.
Gray Merj are usually deep and do not have gravels or hardcrusts at certain depth. Little
profile development can be observed. At lower spots, where a ground-water table is still present,
there may be a darker top soil (Black Merj); at the other places they are merely incompletely
weathered marls, highly calcareous clays without specific horizons.
2.

Analysis: Laboratory

No analysis could be made in the laboratory of the Ministry ofoAgriculture, and we have to rely
on one single soil profile analyzed for a previous survey i / i n the Laboratory of the Tropical Institute,
Amsterdam, Netherlands. Other samples of a single soil profile were also analyzed for a previous
survey in this Laboratory.
The samples were taken of a Reddish Brown Chestnut soil over-lying lacustrian marl from a
newly dug well opposite the sugar factory north of Horns in 1952.
The analysis runs as follows:
Grumusol (Colluvial)

Particle Size Distribution in mm
Very
Coarse
Sand
1000

Depth
cm.

0.20
20-65
65-85

Coarse
Sand
1000-250

Fine
Sand
100-250

2.3.3.5

2.5
2.5

0.5
0.5
0.5

3.-

(Percentage)

Very
Fine
Sand
50-100

sut

Clay

2-50

2

1.5
1.5
1.5

15.5
15.5
12.5

78.77.79.-

marls
Organic Carbon
percent

pH

0.3
0.3
0.2

8.4
8.4
8.4

Extractable Cations
Ca
Mg H Na K
Milli
Equiv. per 100
gr.
soil
63. 8
54. 6
52. 4

11. 5
13. 3
7. 6

CaCO3
percent

0. 3
0. 2
0. 8

0.6
0.5
0.7

Field Cap.
percent

2.1
2.9
3.8

46

Water Sol. Salts
Ca Mg Na HCO,
m.c./lOO gr. soil 3
1. _
0. 5
0. 3

0. 3
0. 6
0. 7

0. 7
0. 9
0. 7

Cl

SO.

Total
percent

_
0. 95
-

0. 2
0. 1
0. 2

0. 15
0. 12
0. 10

4

Interpretation: A very heavy soil, without pronounced difference between top and subsoil.
There is a high pH, in spite of low absorbed sodium. The cation exchange capacity is very high
and saturated. Water soluble salts are low.
FAO Report 53/8/6218: Great Soil Groups of Syria.
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3.

Analysis: Field

Infiltration and permeability rates as well as water-holding capacity (field capacity) have been
determined in the field.
I.

Infiltration an.f|

There exists no clear relation between soil type and infiltration rate. Many additional factors
interfere and disturb the picture. The Gray soils, ho\rever, are the least permeable (ave. of 4 tests,
48 mm/h); the Reddish-Brown, on the other hand, average 152 mm/h (ave. of 6 tests.)
In between are the medium deep Reddish-Brown with 91 mm/h. Even the shallow ReddishBrown average in 7 tests an infiltration rate of 85 mm/h. The explanation is that the hardcrust or
the marls, especially where they outcrop, are in a stage of weathering and, therefore, fissured.
This does not mean that those shallow soils are arable. Especially for deep-rooting crops like sugar
beets, cotton and potatoes, they will prove to be unsatisfactory under irrigation.
H.

Field Capacity

There is no great variability. White soils average a little over 20 percent; R-B soils shallow,
27 percent; R-B soils medium deep, 28 percent; R-B soils deep, 33 percent. This is entirely
according to expectations.

D.
1.

APPRAISAL OF IRRIGABILJTY

Standards and Specifications

The same standards and specifications have been applied as for the Khabour Valley. It is
believed that this system can be used for all Syrian conditions.
2.

Irritability Classes

Class 2 are considered all level, deep soils without stones at the surface. The gray-white
soils of Qousseir and of the Orontes Valley are also considered to be Class 2, in spite of their slight
structure deficiencies and their lower water-holding capacity. No Class 1 has been recognized in
Horns, solely on the basis of their extremely high clay content. These are very good cotton soils,
but from a general standpoint less suitable for certain agricultural crops. Consequently, they result
in a less diversified type of agriculture than is to be expected on Class 1 land. Also included in
Class 2 are some tracts of deep, but boulder-strewn, land on the West bank of the river, and some
smooth, but slightly undulating, land on its East bank.
Class 3 are considered all lands with a depth of soil of less than one metre, but more than 50 cm.
Also included are some stony, but deep soils.
Class 4 are considered all soils with less than 50 cm., but more than 25 cm. of soil.
Class 6 are considered all shallow soils with only 25 cm. of soil or less, which are non-arable.
Near the Lebanese frontier and around the village of Quattine, as well as on the plateau NE of Homs,
some very shallow soils are irrigated. Grapes, sorghum and maize may give satisfactory yields, but
it is doubtful whether soils of so small possibilities justify the large investmeht for irrigating them.
Soil amelioration by removal of the hardcrusts might be possible in certain cases, but can certainly
not be advised in a general way.
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Other land characteristics, such as field capacity, pH, salinity, alkalinity, permeability and
base exchange capacity, do not influence the irrigability classification; all types of soil meet the
minimum standards required for Class 1 arable under irrigation.

E.

WATER DUTY AND IRRIGATION PRACTICES

For these, reference may be made to the report on the Khabour Valley. Under the prevailing
conditions of soil and climate, 0. 5 L/sec/ha. should be sufficient for the normal rotation of cottoncereals, provided efficient use is made of the available irrigation water.
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Photo 1> Reddish Brown Chestnut s o i l , deep,
near K a t t i n e .
0-30

cm» Reddish Brown f r i a b l e c l a y ,
fine structured.

30 - 80 cmt Red clay, large prisms,
glittery aggregates with few
small flints.
Deeperi

Lacuetran marl.

Photo 2. Over large areas the
encrusted marls or gravels are
near or at the surface. Although
the crust, as on the picture, is
in a stage of weathering and not
at all impermeable, those lands
are not considered suitable for
a sustained system of diversified
agriculture under irrigation.
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Rioto 3- Pronounced example
of Reddish Brown soil colluviated
on top of lacustrian marl.
Abundant flints scattered all
through the profile (Kattine).

Rioto 4- A layer of gravel
between the encrusted marls
underneath and the red clay on
top is very common. In this
case the profile on top can "be
considered as a Grumusol (heavy
red montmorillonitic clay
•without pronounced horizons).
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SURVEY OF GULLY EROSION IN THE COAST AT. HTT.T.S
JABAL AL AKRAD AND HARIM REGIONS

by
I. Tourna and W. J. van Liere
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A.

SYNOPSIS

Of the different forms of erosion, gulley erosion is the most severe because, unlike sheet
erosion, it dissects the surface of the land into steep and unworkable small gullies.
The extent of gully erosion has been very much discussed in recent years. Many believe that
whole civilizations, including the ones of the Middle East, were destroyed by erosion. However, few
really reliable and detailed surveys have been made and much of the discussion is without sufficient
data. The Mediterranean range of Syria is one of the areas where, of all the Mediterranean countries,
one could expect the most severe erosion; it is hilly, densely populated, sparsely covered with
vegetation and has a high winter rainfall which comes in heavy storms.
1.

Areas Surveyed

The survey was conducted in three regions:
I.
The Coastal Plains and hills, having a total area of 1,532 km. 2 , comprising Lattakia, Djebleh,
Tartous and Banias sheets.
n

n.
Jabal al Akrad region, having a total area of 1,160 km. , and comprising Afrine, Radjou,
Balbul, Midane Ekbez, El Hammam and Jabal Samaan.
HI. Earim Region, having a total area of 1,010 km. , and consisting of Jisr Ech Chogour, Harim
and Salkine.
2.

Survey Method

The areas were surveyed by airphoto interpretation of an approximate scale of 1:25,000, with
an ordinary pocket stereoscope.
The boundaries of the eroded lands were transferred by approximate estimation on the sheets
of 1:50,000 topographical maps.
Although there are many steep valleys in the area, the gullies formed by accelerated erosion
can be very easily distinguished from the others on the air photos by their fresh appearance and the
different colour shades of the soil that outcrops.
The percentages of the gully-eroded land indicated below refer to total area, irrespective of
the capacity of the land, whether good or poor.
No field control has been made.
3.

Results

Summaries of the results are shown in the following tables.
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Table 1: Erosion in the Coastal Region

Region
Lattakia
Tartous
Djebleh
Banias
Total

Global Area
km. 2

Eroded Area
km.2

Eroded Area in
percentage of
Total

576
243
237
196

16.0
0.0
1.5
4.5

3.0
0.0
0.8
2.5

1,250

22.0

1.7

Tjabie. 2: Erosion in Djabal Al Akrad

Region
Afrine
Radjou
Balbul
Midane Ekbez
Jabal Semaane
El Hamman
Total

Global Area
km. 2

Eroded Area
km. 2

Eroded Area in
percentage of
Total

620
386
80
74
100
272

34
35
2
1
3
5

6.0
9.3
2.2
1.3
3.0
2.0

1,532

80

5.3

Table 3: Erosion in Harim Region

Region
Jisr Ech Chogour
Harim
Salkine
Total

Global Area
km. 2

Eroded Area
km.2

Eroded Area in
percentage of
• Total

450
300
260

42
13
6

9.3
4.3
2.3

1,010

61

6.0

It appears that both Djabal al Akrad and Harim areas are much more affected than the Coastal
Region. It is most likely that this remarkable difference is especially due to higher population density
in the first two regions.
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B.
1.

FACTORS AFFECTING GULLY EROSION

Relation Between Gully Erosion and Topography

There is a relation between the slope of the land and erosion. In other words, the steeper the
land, the more gullies. It was noticed that most of the affected land had slopes of 5-35 percent.
Very few lands of less than 15 percent are affected.
2.

Relation Between Gully Erosion and Geology
Table 4: Percentage of erosion in the geology of the Coastal Region
Km. 2 Total
Area

Type of Rock
Basalt
Middle Cretaceous (hard limestone)
Quaternary (Black and gray soils on
sandstone)
Upper Cretaceous (Marl)
Marine Pliocene
Green Stone

Km. 'l Eroded
Area

Percentage

30
200
140

3.75
3.75
.25

2.0
0.2

180
160
60

8.25
2.00
4.00

5.0
1.0
7.0

12.5

Table 5: Percentage of erosion in the geology of the Jabal al Akrad Region
Km. 2 Total
Area

Type of Rock
Marine Miocene
)
Nummulitic
) Hard Limestone
Middle Cretaceous )
Upper Cretaceous (Marl)
Quaternary (Black and gray soil on
sandstone)
Green Stone
Basalt

710
242
294
177
10

31
3

Km. 2 Eroded
Area
36
29

7.25
7.25

Percentage
5.0

12.0

0.0

3.0
5.0
0.0

0.0

0.0

Table 6: Percentage of erosion in the geology of the Harim Region
Km. 'l Total
Area

Type of Rock
Marine Miocene
Nummulitic

)
)

Hard

Limestone

580
180

Km. 2 Eroded
Area
46
15

Percentage
8.0
8.0

The Basalts, as well as the Green Stones on the Coast and the Nummulitic Limestone of the
Jabal al Akrad, are most severely affected. This is probably due especially to topography and not
to the specific characteristics of different rocks. The upper Cretaceous marls which do not have
a very accidented surface a r e , however, relatively also severely attacked.
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3.

Relation Between Gullv Erosion and Tand TTBP
Table 7: Gully erosion in forested areas

Region

Total Forest
Areas in the2

Region (km. )

Lattakia
Banias

Tartous
Djebleh
Jisr Ech
Chogour
Har im
SalMne
Midane
Ekbez
Radjan
Afrine
Bulbul
Jabal
Semaane
El Hamman

Total Erosion

Eroded

Percentage

Percentage

in the Region
(km. 2 )

Forested
Areas
(km. 2 )

of Erosion
out of
Total Area

of Eroded

78
-

16
4.5
1.5

68
24

42
13
6

20
68
60
6

1
35
34
2

17

3
5

Forest Areas
out of Total
Forests

1
-

3.0
2.5
0.8

1
_
-

12
1

9.3
4.3
2.3

20
4

6
1
-

1.3
9.3
6.0
2.2

1
9
1
_

1

3.0
2.0

6

0.25

Here land use is understood merely as the differentiation between forestry, (including shrub
land) and crop land.
Contrary to general opinion, the percentage of affected land under forestry in Jisr Ech Chogour,
Salkine and El Hamman is higher than that of crop land. Again, however, the forested land close to.
the villages is severely attacked; it is clear that this type of forest alone offers insufficient protection
against gully erosion. Another influencing factor is that forests are found in areas which are steeper
than crop land.
CONCLUSIONS
Total Areas Studied
Total Forests in the Areas Surveyed
Total Area Excluding Forests
Total Eroded Land
Total Eroded Forested Land
Total Eroded Land Excluding Forests

3,792 km 2
391 km 2
3,401km 2
163 km 2
21km 2
142 km z
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Total Erosion expressed in percentage
of the forested and non-forested land
Total Erosion expressed in percentage
excluding forests
Eroded Forested Areas expressed in
percentage of the forests
Eroded Forested Areas expressed in
percentage of the total eroded area

4.3 percent
3.7 percent
5.4 percent
13

percent

The diagnosis of factors governing gully erosion is very complex. One valley suddenly begins
to erode, while another one, under apparently similar conditions, does not. It is like a chain
reaction; once started, it goes on in an accelerated way, but to predict when and where it will start
is very difficult.
One important conclusion is that much less of the land is affected than is generally believed,
even under the very unfavourable conditions prevailing in N. E. Syria. Another is that the
Mediterranean type of forest does not offer sufficient protection against gully formation in densely
populated areas.

