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Established in 1977, the International Center for Agricultural Research in the Dry
Areas (ICARDA) is governed by an independent Board of Trustees. Based at
Aleppo, Syria, it is one of 16 centers supported by the Consultative Group on
International Agricultural Research (CGLAR), which is an international group of
representatives of donor agencies, eminent agricultural scientists, and institutional
administrators from developed and developing countries who guide and support its
work.

The CGIAR seeks to enhance and sustain food production and, at the
same time, improve socioeconomic conditions of people, through strengthening
national research systems in developing countries.

ICARDA focuses its research efforts on areas with a dry summer and
where precipitation in winter ranges from 200 to 600 mm. The Center has a world
responsibility for the improvement of barley, lentil, and faba bean, and a regional
responsibility—in West Asia and North Africa—for the improvement of wheat,
chickpea, and pasture and forage crops and the associated farming systems.

Much of ICARDA’s research is carried out on a 948-hectare farm at its
headquarters at Tel Hadya, about 35 km southwest of Aleppo. ICARDA also
manages other sites where it tests material under a variety of agroecological
conditions in Syria and Lebanon. However, the full scope of ICARDA's activities
can be appreciated only when account is taken of the cooperative research carried
out with many countries in West Asia and North Africa.

The results of research are transferred through ICARDA’s cooperation
with national and regional research institutions, with universities and ministries of
agriculture, and through the technical assistance and training that the Center
provides. A range of training programs are offered extending from residential
courses for groups to advanced research opportunities for individuals. These
efforts are supported by seminars, publications, and by specialized information
services.
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1. INTRODUCTION

1.1 Content of this Report

It is now several years since this Program's name was changed from
Farming Systems to Farm Rescurce Management. That name change
implied no major switch of interests and responsibilities, rather an
extension of them more explicitly towards the long-term care of the
natural resource base of agriculture, particularly soil and water,
within the continuing context of farming systems and small-farmer
agriculture. Such research is the essential core of any program
aimed at the achievement of dependable, long—term agricultural
production, or sustainability, and will remain so long after that
particular vogue word has been superseded.

Nevertheless, new work explicitly focused on rescurce
management for sustainability has been slow to take off in the
Program —— we still await an appointment to the crucial post of
specialist in seil conservation and land management -- and slower
still to filter through to the reporting stage. However, there are,
we believe, signs of real progress this year. We report here
initial results from work directed towards the protection of soil in
dry areas: studies of wind erosion and of techniques -—— shrub
windbreaks and tillage and stubble management — with potential to

prevent it.

Erosion of soil probably poses the greatest long-term threat
to sustainability, but for maintaining current national production
levels greater urgency attaches to water. For this resource, FRMP
efforts have for a number of years been directed towards efficiency
of use, specifically through the supplemental irrigation of
basically rained crops; but a chapter in this report sumarizing
detailed socioceconomic studies of supplemental irrigation raises



gquestions about the sustainability of the small aquifers upon which
much of it is based. Meanwhile, we are initiating a new program of
research, demonstration and training in water harvesting, aimed at
concentrating and conserving water for agriculture in areas of low
and erratic rainfall.

None of these technical initiatives will bear much fruit at
the farm level unless they provide techniques, practicable,
profitable and acceptable to the land user. This is where the
greatest challenge lies, to apply the farming systems approach,
especially as it pertains to small farmer and herdsman, with the
development of simple but effective measures to conserve the
resource base —— land user arnd researcher recognizing a common goal.
The small Dryland Resource Management Project, which coordinates six
national program case studies of the small farmer/resocurce
management interface, is seen as pioneering this philosophy. We aim
to build up such work on a longer-term basis as a major focus of
Program activities, with coordinated inputs from both social and
technical scientists.

Activities of this sort require additional support. On the
one hand, they need extra financing: Jjoint scientist-farmer
participation in the research and develcpment of resource management
activities, like soil conservation and water harvesting, is not
achieved on small research plots on or even near research stations,
and ICARDA itself will accomplish little unless national program
scientists and extension specialist are also involved. It is hoped
to develop appropriate projects. On the other hand, they need data-
base support, to allow site- and year-specific results to be
evaluated in their environmental context. In this regard, the
Program has gained strength in the field of agroecological
characterization during the year, and one outcome already in this
report is a preliminary reappraisal of how crop scientists view



climate in Syria. A clearer picture of what crops (and varieties)
are grown where and why is long overdue in ICARDA.

Other activities with a major bearing on sustainability, like
efficient fertilizer use, nitrogen cycling and crop rotation
studies, are also summarized in this report, as are studies of the
adoption and impact of wheat and chickpea technology. Reporting is
organized according to three projects within which FRMP research is
nominally organized: the Management of Soil, Water and Nutrients
{Chapter 3); Agroecological Characterization for Resource Management
{Chapter 4); and the Adoption and Impact of New Technology (Chapter
5). However, as has been said before, boundaries between these
projects are diffuse, and —— necessarily -- many activities straddle
two project areas or pass from one to the other. This is in keeping
with the broad farming systems and resource management philosophies
still evolving within the Program.

1.2 staff es

The Program has experienced another year at well below its full
complement of scientists, but there are signs now that the tide is
turning. Mike Jones was appointed Program Leader, after a period in
an acting capacity, following the departure of Peter Cooper in 1990;
but this leaves an Agronomist position vacant. Bakheit Said has
moved out of FRMP to a temporary pesition in the Outreach program,
leaving the Training Scientist position vacant; and Abdullah Matar
has retired as Soil Chemist but, happily, has remained with us in a
consultant role until the new appointee arrives in 1992,

On the credit side, we have welcomed the arrival of Theib
Owels and Graham Walker. Dr Oweis, from the University of Jordan,
is our new Water Management Specialist and covers the very broad
responsibility of supplemental irrigation and water harvesting. Dr



Walker, previously with the Canadian Wheat Board, is an
agroclimatologist (with soils and crops background) and fills our
new P-level Agroclimatologist position. In addition, the arrivals
of three economists of different backgrounds and a visiting oilseed
crops specialist are confidently expected during 1992; and there are
hopes, too, that a soil conservation/land management specialist and
a new training scientist will also soon ke appointed.

Mearwhile, the regional staff has been strengthened by Elianor
Nasseh (soils laboratory) and Abdul Baset Khatib (wheat-based
systems agronomy team), both appointed after long service as daily-
paid staff.

1.3 The Weather in Syria during the 1990/91 Season

In contrast to the two previous cropping seasons, which were dry,
1990/91 had a total seascnal rainfall only just below the long-term
average. The early part of the season was fairly dry over wide
parts of northern Syria, and much of the rain fell in the spring.
Except during May, temperature during the growing period were close
to the long-term average, with fewer cold spells affectirg plant
growth and many fewer frost days than during the previous winter.
The 35 frost days recorded at Tel Hadya in 1990/91 represent exactly
the average for the site. Because of this, and because there was
more rainfall, distributed such that crops could make more efficient
use of it, yields were generally up from the low levels of the two
previous years.

The first significant rains fell during the last decade of
Octcber and the first decade of November. Some more rain followed
during the first decade of December; hut in the barley-growing
areas, represented by the stations of Bouider, Ghrerife and Breda,
rainfall up to the end of December was insufficient to allow



emergence., Germination occurred, however, so that when the rain
finally returned during the first week of January, the crops emerged
rapidly.

In the wheat—growing areas, represented by Tel Hadya at the
dry end of the range and by Jindiress at the wetter end, the picture
was more complex. In the drier areas, rainfall in late Octcber and
early November provided enough moisture to enable some of the early
planted wheat crops to emerge. But then followed three weeks
without any rain, and December rainfall was sparse. As a result,
these early crops suffered from severe moisture stress which reduced
their yield potential unless they were irrigated. As in the barley
area, at Tel Hadya plentiful rainfall started only at the beginning
of January.

In the wetter wheat growing areas, however, rainfall was heavy
during the third decade of October (at Jindiress 48.5 mm fell on 24
October) and sufficient to sustain growth during November and
December. The growing season at Jindiress started, therefore, ten
weeks earlier than at the other sites. At Tel Hadya, these ten
extra weeks of growth could be gained through supplemental
irrigation, turning the "false start" into a real one.

While January rainfall was ample, the February total stayed
below the long-term average, especially in the barley-growing areas.
There was, however, enough moisture left in the soil to prevent
undue stress to crops. From March to May, the rainfall was above
average, although the May rainfall was of little benefit to crops.
The soil profile started to dry out from the second decade of April
orwards.

Wnile the season so far had been neither unduly warm nor cool,
May was exceptionally cold. It was the coldest May recorded at



Jindiress since the ICARDA station was set up there. Even more
remarkable, the -0.1°C measured at Bouider on 10 May constitutes the
first sub-zero temperature ever observed at an ICARDA station in
Syria in May. Another unusual event was the hailstorm on 21 May at
Tel Hadya, which caused very serious damage to those cereal crops
which had not yet been harvested.
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Monthly air temperature (°C) for the 1990/91 seascn

Table 1.2

JUL  AUG

JUN

JAN FEB MAR APR MAY

DEC

NOV

SEP

Jindiress

33.3 33.9

32.9

11.9 17.7 22.6 23.4

15.0 11.3

28.4 21.1
l4.8

32.4

Mean max.

Mean min.

16.6 21.9 22.5

8.7

9.4
16.0 16.1 24.8

7.2

1.9 2.2
6.7

4.9

17.6

27.7 28.2
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.4
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9
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25,0

Average
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Abs. min.

Tel Hadva
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Table 1.3 Frost events during the 1990/91 season

MOV DEC JAN FEB MAR APR MAY  SEASON
Jindiress
No. of frost days - 8 6 9 2 - - 25
Abs. min. (°C) - -4.4 -5.3 ~4.8 =-2,0 - - -5.3
Tel Hadya
No. of frost days 1 9 13 9 3 - - 35
abs. min. (°C) 0.4 -5.5 -5.9% -6.4 -4.,6 - - -6.4
Breda
No. of frost days - 10 14 9 2 - - 35
Abs. min. (°C) - ~6.9 -4.2 ~4.6 =-5.7 - = ~-6.9
Bouider
No. of frost days 2 14 14 12 2 - 1 45
Abs. min. (°C) -1.4 -5.5 -4.5% ~5.0 -4.4 - -0.1 ~5.5
Ghrerife
No. of frost days - 9 9 9 1 - - 27
Abs. min. (°C) - =4.1 =-2.2 =-3.4 -1.9 - - -4.1
Terbcl
No. of frost days 2 10 21 15 7 2 - 57
Abs., min. (°C) -2.0 -4.0 -6.0 ~4.0 -3.0 =-1.0 -  =-6.0

Table 1.4 Frost events at 5 cm above the ground during the

1990/91 season

DEC JAN FEB MAR AFR MAY SEASON
Tel Hadva
Frost days 11 14 14 4 - - 45
Abs. min. -7.1 -8.0 -8.5 -6.6 - - -8.5




10

2. EXECUTIVE SUMMARY

2.1 Project 1, Management of Soil, Water and Nutrients

Soil Conservation (section 3.1)

A major area of concern within the Program's farm rescurce mandate
is soil managerent and conservation. The present report gives the
first results from three recently initiated studies: on wind
erosion, on the intercropping of barley rotations with atriplex
hedges, and on tillage and barley stubble management.

Serendipity provided our new wind erosion project with an
excellent test site at Tel Hadya in 1991. Vacuum seed harvesting of
a medicago field destroyed the soil structure and thereby simulated
the conditions that arise frequently in barley fields through the
trampling of animals which graze the stubble. Such grazing and
trampling usually occur through the months of May to September.
Analyses of wind data from ICARDA sites in NW Syria show that the
erosive power of the wind is largely concentrated in the middle of
that pericd, June to August.

To monitor the erosion we used dust samplers, constructed at
ICARDA according to a Texas design. Each sampler traps airborne
dust at five heights above the ground, 5, 10, 20, 50 and 100 cm, and
from the weights collected cne may calculate the amount of material
passing the sampler during the periocd of measurement. In early
September, we placed three samplers at approximately 100 m intervals
in the ex-medicago field along the line of the predominant wind
direction. During cne week, the wind was strong enough at times to
cause the so0il to blow, and large increases were cbhserved, from one
end of the field to the other, in the amount of airborne material
collected.



11

Experience elsewhere indicates that wind needs a 200 m fetch
over a specific surface to achieve about 90% of its bearing
capacity. Thus the third (downwind) sampler gave a good measure of
total soil loss due to wind. For the particular week in September
this was about 2 t over a field width of 100 m. As no sampling had
been possible before September, we had no dust data from the
windiest season. However, from a detailed knowledge of the wind
speeds both during the September sampling period and from the time
of medic seed harvest, July 11, onwards until September, we could
make some tentative extrapolations. The soil surface remained
unchanged during this time (no tillage, no rain), so that wind speed
was the only major factor involved. We calculate that the minimum
amount of material moved off the 100 m field width during this time
was 60 t, which represents a surface lowering of approximately 3 mm.

Atriplex species, drought-resistant fodder shrubs, planted to
improve degraded dry rangeland (steppe) also control wind erosion;
but extensive stands of shrubs may be less attractive to rangeland
users than the quicker returns possible from ploughing and planting
to barley; and wind erosion is a problem also of broad expanses of
dry arable land already planted every year to barley. One possible
remedy, for both situations, is to grow barley in strips between
atriplex hedges planted transerve to the prevailing wind. To
investigate this, an observation was started within existing
atriplex plantations at the Syrian Steppe and Range Directorate's
station at Mragha and a new trial initiated early in 1991 at our own
site at Ghrerife.

In that trial, young atriplex bushes were planted in rows to
produce two replicates of a partial factorial combination of four
hedge designs ard three widths of arable alleyway between; and
barley was sown to initiate two arable rotations, barley-barley and
barley-vetch. The main objectives are to monitor any crop-shrub
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interactions and to measure productivity (of crop, fodder and total
value) per unit area. The first observation has been that the
atriplex bushes grew much more rapidly where a little phosphate
fertilizer was supplied at planting time.

On dry barley land, the risk of wind erosion might be much
reduced if stubbles were nct subject to intensive grazing during the
long, windy summer; further, the retention of stubble and the delay
or avoidance of tillage might also Jmprov:a soil water relations for
the succeeding crop. To quantify these effects —— and to set a
value on them vis-a-vis the current value to farmers of stubble
grazing -— a tillage and barley residue management trial was
initiated at Breda in the 1989/90 season. The first meaningful
results, i.e. from the second cropping season, 1990/91, showed a
significant difference, as yet unexplained, between normal tillage
ard zero tillage (with direct drilling). Barley in zero-till land
produced less dry matter but equalled or exceeded the grain yields
of the barley on tilled land, through an appreciably larger harvest
index.

Water Management (section 3.2)

Water is increasingly becoming the most critical resource in WANA
agriculture, With little or no further expansion possible in the
area of dryland croppirkgy, water is seen by many as the key to
production increases from more intensive, irrigated systems. But in
most areas, water supplies are alsc under serious pressure. Such
water as there is, in a generally dry region, must be used
efficiently.

The main FRMP focus in water research has previocusly been on
supplemental irrigation -- applying small amounts of water to
increase and stabilize the yields of basically rainfed crops. Under
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new direction, this work will continue; but an effort will be made
to give equal weight to water harvesting. The present report

reviews briefly the present situation in both fields of work.

Phosphate Studies (sectien 3.3)

The availability to crops of added fertilizer phosphate declines
more or less rapidly in most WANA soils. An ability to predict the
time course of this decline in particular soils would facilitate a
more efficient scheduling of fertilizer use. This requires a better
understanding of the chemical processes involved and the soil
factors influencing them.

Results of recent laboratory studies, collaborative with the
University of Cordoba, suggest that the soil properties influencing
the course of declining availability differ according to whether the
rates of phosphate addition are high or low. At relatively low
concentrations of phosphate in the soil solution, arising from low
rates of addition, loss of availability seems to stem mainly from

sorption processes controlled by iron oxide surfaces.

At high rates of addition, the soil solution becomes highly
supersaturated with respect to the more insoluble calcium phosphate
compounds. Sorption on iron coxide surfaces may also ccour, hut
precipitation as calcium phosphate becomes the dominant process.
However, since this precipitation appears to proceed from an initial
adsorption of phosphate and crystal nucleation on calcium carbonate
surfaces, the amount and reactivity of calcium carbonate in the

system is a major influence.

The ultimate practical aim of this work is to optimize the
size and timing of the phosphate addition from a knowledge of
certain key properties of the soil concerned. These would appear to
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include the amount and reactivity of constituent iron oxides as well
as calcium carbonate.

Soil and Crop Nitrogen (section 3.4)

The interactions between nitrcgen supply (from soil and fertilizer)
and water supply (from rainfall and supplemental irrigation) on the
quantity and quality of cereal crops were discussed in last year's
report. Three more sets of results amplify the story this year.

A major concern is the efficiency of use of nitrogen
fertilizer on wheat. But what exactly is meant by efficiency?
Increasing the nitrogen supply increases grain yield up to the point
at which water is limiting. Beyond that, additional nitrogen tends
to improve grain protein content and, possibly, other parameters of
quality. For thirty wheat genotypes grown under rainfed conditions
at two sites for two years, fertilizer utilization efficiency (kg
grain/kg fertilizer N) was negatively and significantly correlated
with grain protein %. However, some genotypes clearly had greater
utilization efficiencies than others at the same level of grain
protein content. Such genotypic difference might be utilized to
produce cultivars able to achieve adeguate grain quality under
specific environmental conditions -- rainfed v. irrigated cropping,
high v. low input enviromment.

That grain quality may easily be sub-optimal was demonstrated
by the results of trials over two sites and seasons with four durum
cultivars under supplemental irrigation. For the purpcses of
international trade, wheat grain should contain at least 12.5%
protein. In these trials, this standard was not reached in 1989/90
at the highest rates of supplemental irrigatiocn even with 100 kg
fertilizer-N/ha; nor at a moderate rate of irrigation with 50 kg
N/ha. However, in 1990/91, 50 kg N/ha was adequate to ensure the
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standard was achieved at all rates of supplemental irrigation,
demonstrating the importance of site and seasonal effects. In this
case, it seems likely that a greater initial soil content of
mineral-N in 1990/91 was a major factor in the difference between
seasons. Differences between cultivars were also evident; but, in
general, it must be concluded that although quality is partly
genetically controlled, it is also greatly influenced by weather,

management and fertilizer use.

To return to fertilizer efficiency: results from 70 fertilizer
trials on rainfed wheat showed -- as did those from 75 barley trials
reported last year -- that as rainfall increased, grain and straw
yields significantly increased but their percentage N contents
significantly decreased. This decrease was particularly marked in
the straw. Recovery of fertilizer-N in the grain, estimated as the
difference in total grain content between crops receiving 0, 40, 80
and 120 kg fertilizer N/ha (at uniform rates of fertilizer P), was
significantly related to seasonal rainfall and rate of application:

Recovery ratio = 0.28196 + 0.002715Q - ().OOOOOZQ2 - 0.001783N
(R = 0.46%%)
where Q is the total seasonal rainfall (mm) and N the fertilizer
rate, kg N/ha.

Efficiency of fertilizer use (that is, N recovered in the
grain) increased with increasing rainfall up to a maximum at around
680 mm and then decreased. It was alsoc lower at higher rates of

application.

Rotations (section 3.5)

Rotation trials focus on seguences of crops and their associated
management, on the comparative productivity (biological and
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economic) of such sequences, and on the long-term trerds in that
productivity and in the condition of the soil supporting it. In the
present report we summarize results from two barley rotation trials,
at Tel Hadya and Breda, and give details of certain treatment
changes recently made in those trials.

Changing treatments in rotation trials is controversial.
Arquments favoring the replacement of cutmoded and less effective
treatments may be countered by arguments for continuity to ensure
that long-term trends are uneguivocally identified. The barley
rotation trials at Tel Hadya and Breda previougly compared six two-
year sequences of barley with fallow, with barley and with four
legume~based forages -- common vetch and chickling, each grown both
pure and mixed with barley —— in partial factorial combination with
six fertilizer treatments. Eight vyears' data have shown
consistently that rotations involving legume/barley mixtures are
slightly less productive than those with pure legumes. So, one of
the mixtures has been replaced with the promising narbon wvetch
(Vicia narbonensis) grown pure; the other with common vetch, to be

harvested by simulated green grazing -- in contrast to the mature
harvest in other legume treatments. Other work has suggested that
different mcdes of harvesting forage legumes alter the dynamics of
soll water and nitrogen, with effects on the following cereal crop
and overall rctational output.

Three of the previous fertilizer treatments compared different
timings within the rotation of P-fertilization, but differences were
small. So, the P timing has been standardized, and the comparison
is now between different rates of N-fertilizer to the barley crop --
to investigate the interaction with previocus crop. Altogether, ten
of the original 22 treatments remain unchanged and allow the long-
term comparisons of the basic rotations to continue, while the

amended treatments bring in a hew series of comparisons of hoth
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short—term and long-term interest.

Results from 1989/90 and 1990/91 (respectively, very dry and
moderately dry seasons) support those reported previously.
Rotations involving legumes (barley-vetch, barley-chickling)
continued to outyield barley-only rotations (barley-fallow, barley-
barley) in both total dry matter production and total crop N cutput.

Mean ratios (%) of the former relative toc the latter were:

Total dry matter Total crop N
1989/90 Tel Hadya 111 205
Breda 81 115
1990/91 Tel Hadya 125 180
Breda 123 189

Only in respect of total dry matter at Breda under extremely
dry conditicns did the barley-lequme rotations fail to better the
barley-only rotations; and, as previously, the presence of legumes
increased rotational nitrogen yield — that is, protein production
~—- by up to a factor of two.

Narbon vetch, in its first season, 1990/91, produced 20-25%
more dry matter than common vetch and chickling, and crop N yield
was similar or greater. Our main interest, however, lies in total
rotational production, legume and barley, and first indications of
that will not be available until after the 1991/92 harvest.

Soils were sampled from analysis from both these trials at the
start of the 1990/91 season, eight years after they were initiated.
Differences were found in organic carbon and total nitrogen
contents, but with little consistent treatment pattern across the
two sites. Differences in available P contents due to fertilizer
were clear, however, with current values: from arnmual phosphate,
11.5-13 ppm; biannual phosphate, 5.5-6.5 ppm; 2zero-fertilizer
control, 3 ppm.
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2.2 Project 2. Agroecological Characterization for
Resource Management

logical Characterization: Prel}imi
Climatic Analysis for Syria (section 4.1)

Crop adaptation in Syria is strongly linked to the precipitation
regime. This is represented in the precipitation-based agricultural
stability zone system for the country, widely used by researchers
and agricultural planners. Bowever, between different parts of the
country, but within the same stability zone, other aspects of the
climate (e.g. temperature) may vary. If s0, this would have
implications for landrace, crop, or cultivar adaptation to different
geographical areas.

To assess this possibility, a range of weather variables was
examined for nine widely distributed govermnment meteorological
stations in three regions —- southwest, northwest, and northeast —
using data mainly from the period 1960-87. These weather variables
consisted of seasonal precipitation amount, precipitation
distribution through the growing season, winter thermal time, and
frost occurrence. Data from three ICARDA meteorological stations

were also used in some analyses.

The principal results are that, within a stability

(precipitation) zone:

i) year-to-year variation in total precipitation is greatest in
the northeast;

ii) the northeast receives, on average, greater than 50% of
seasonal (Oct-May) precipitation after Jamuary 31, while on
average in the northwest 50% is reached before January 31;

iii) the probability of significant late season (April-May)
rainfall is substantially hicher in the northeast than
southwest, with the northwest intermediate;
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iv) accumlation of winter (December-March) thermal time
{important for crop development) is faster in the southwest
than for areas of similar altitude in the north; and

v) frost probability is lowest in the scuthwest.

An important additional result is that, throughout northern
Syria, there is a strong negative correlation between precipitation
and frost frequency (and a positive correlation between
precipitation and winter thermal time). Altogether, the

implications are:

a) the earlier end to the wet season in the south may mean
greater crop vulnerability to terminal drought (though this is
at least partially compensated by faster phenclogical
development) ;

b) the common assertion that frost risk is higher in north-
eastern than in northwestern Syria is explained by the
negative correlation between frost and precipitaticn, in
conjunction with a greater land area having low rainfall in
the northeast;

c) the predominance in northern Syria of wheat (a relatively
long-season crop) in the wetter areas and barley (a relatively
short-season crop) in drier areas is commonly attributed to
rainfall, but this could also be explained by the higher rates
of winter thermal time accumilation in wetter areas;

d) the predominance of wheat in the northeast may be related to
the greater probability of late-season rain there (early-
maturing barley being less able to capitalize on late rains);
and

e) the prevailing concept for chickpea distribution, i.e.
adaptation to a specific rainfall band (stability zone 1b), is
not substantiated. (In fact, chickpea in the south, the major
growing region, is predominantly in zone 2.) Climatically,
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chickpea distribution throughout Syria is more satisfactorily
explained by acknowledging its thermal reguirement (and/or
cold temperature avoidance) as well as moisture needs. In
addition, farmer preference for chickpeas over lentils in
southern Syria may be a simple hedging strategy, because the
moisture picture is better-known at chickpea seeding time.
This advises caution in the application of simple zoning
systems to crop distribution.

Estimating the Frequency Distribution of
Farmers' Crop Yields (section 4.2)

In the diagnosis of constraints within farming systems, there is a
need to quantify the uncertainty of crop yield at the' farm level;
but long time series of crop producticn statistics are rarely
available at the level of disaggregation that is necessary.
Estimates have to be made by other methods. As part of the
agroecological characterization project in Morocco, a statistical
method previocusly proposed by Mirz was applied and adapted to
estimate crop yields over time from data collected in interviews
with farmers in a region of dryland farming (Doukkala-pbda—Chaouia).
Farmers were asked individually to provide, first, estimates of the
numkers of 'good', 'normal' and 'poor' seasans (per ten years) based
on their long-term experience; then, the yields of wheat and other
crops they associated with each type of season. These data were
then used to generate 100-year runs of yield data.

The method has undoubted limitations. It does not aliow for
any carryover effect from one year to the next, as when water stored
in the soil in a wet year is available to crops in the following
year. It shows a positive correlation between yields of different
crops at any one site, although -- through differences in the timing
of crops and their individual susceptibilities to weather and
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disease events — this will not always be the case. What the method
does appear to provide, however, is a reasonably objective estimate
of vyield variapility at the farm level (dependent only on the
accuracy of farmers' recall).

Validation is not possible without many years of yield records
from farms in the target area. Such data are rarely available.
However, a small collaborative project is being developed with
ICRISAT to follow up on long-running yield records from village
level studies in India. These will be compared with results from a
set of brief surveys and analyses usirg the methods described here.

Dryland Resource Management and the Improvement of Rainfed
Agriculture in the Drier Areas of West Asia and North Africa

(section 4.3)

Most problems of resource management are really problems of the land
users, as resource managers, and the constraints under which they
operate: poverty, adverse sociceconcomic structures, lack of access
to technical advice, etc. The Dryland Resource Management Project
comprises a group of national case studies, which focus on just
these issues. Each case study, conducted by a multidisciplinary team
of naticnal scientists, assesses an existing dry-area system of
agricultural producticn and its impact on the natural resource base.
The aim is to work with the land users to formulate recommendations
for improvement. Details of studies in southern Jordan and southern
Tunisia were given in last year's report. This year we sumarize
case studies being conducted in four other countries.

Libya. Scilentists from the Agricultural Research Center in
Tripoli are comparing different modes of land use employed over the
last 15-20 years in a selected area of the Geffara plain, about 40
km south of Tripoli, in respect of their productivity, their effect
on the soil and range vegetation, and their organizational structure
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and management. From analyses and surveys and from the experience
and opinions of land users, the most appropriate strategies for
future research and development will be determined.

lebanon. Scientists from the American University of Beirut
are studying a village on the eastern slopes of Mount Lebanon. They
will document historical development and changes in the village and
assess their effects on the resource base and resource management
strategies. Biological, physical and socioeconomic determinants of
these changes will be examined with a view to identifying possible

improvements that can be made in current resource managerent.

Pakistan. Scientists from the Arid Zone Research Institute
(AZRT), at Quetta, Balochistan are focussing on water harvesting.
They will compare AZRI‘'s water harvesting techniques with existing
farmer practices in the Quetta area, and they will determine to what
extent crop production is increased and production risks decreased
in a water-harvesting system. The adoption potential of such
techniques by farmers in highland Balochistan will be assessed.

Yemen. Scientists from the Agricultural Research and
Extension Authority and from the University of Sana'a are studying
the factors underlying the deterioration of the traditional system
of water management in a mountaincus area northwest of Sana'a.
Terraces on upper slopes are breaking down and no longer control the
water running from the catchment of uncultivated mountain rangeland
above them, resulting in floods in the wadis below and sericus
erosion of agricultural land downstream.

Cukurova University/ICARDA Collaborative Project: Development
of Small-Scale Farmers of Taurus Mountains of Turkey (section 4.4)

In 1990, Cukurova University (Adana, Turkey) and ICARDA, utilizing
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Ttalian funds supplied through ICARDA's Highland Regional Program,
began a project teo identify constraints to agricultural productivity
in villages in the Taurus mountains. Scientists from FRMP and PFLP
fulfill a planning and adviscry role.

Agriculture in the Tawus mountains is limited by the
topography. Crops, wheat, mainly for subsistence, and barley for
feed, are grown on small sloping fields with stony soils; but for
many farmers the main enterprise is rearing animals, mainly goats.
Project work by Cukurova sclentists in the first year has been
largely diagnostic, and sixty-three farmers were selected from eight
representative villages for a fairly detailed survey, socioeconomic
and technical.

Farm economies are, to an appreciable degree, subsistence-
criented, but cash income is cbtained from the sale of animals and
animal products (particularly cheese) and fruit (apples, grapes).
Bee-keeping is a highly profitable activity for a small number of
individuals, with potential for expansion and improvement. Inccme
is also obtained from off-farm work as migratory labor and in local
forestry activities, but the survey shows a large number of 'unused
days'; and farm incomes are lower than those in many other parts of
Turkey.

Potential areas for future research and technolegy transfer
include improved crop production practices, in particular soil
conservation, +the appropriate use of fertilizers and the
introduction of more locally adapted cultivars. Feed supply is a
constraint to animal producticn., Mountain pastures, which still
provide a major proportion of that feed, are under heavy grazing
pressure; and it appears logical to promote the greater use of
supplementary feéds and the cultivation of forage legumes on land
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currently fallowed. Some of these technical activities will be
started in the second year of the project.

2.3 Project 3. Adoption and Impact of Technoloqgy

Impact of Modern Wheat Technology in Syria. Part One:
the Adoption of New Technologies (section 5.1)

In partnership with the socioceconomic section of Directorate of
Scientific Agricultural Research, social scientists in FRMP
initiated a multi-year study on the adoption and impact of modern
wheat production technology in Syria. The first vear objectives
were to develop baseline measures of use and adoption of technology
by wheat producers in Syria and to describe present levels of
adoption by envirommental and farm system characteristics. The
specific technologies covered were mechanization, irrigation,
varieties, chemical fertilizers, herbicides, and insecticides.

An initial survey was conducted in 9 provinces representing
some 91% of total national wheat area. The results tend to confirm
published national statistics and recent trends. Syrian wheat
production is over 90% mechanized, and some 35% of the wheat area
surveyed was under either supplemental or full irrigation. Modern
high-yielding varieties (HYVs) account for 87% of the area planted
and are grown by 86% of the farmers surveyed. Chemical fertilizers,
herbicides, ard insecticides were used by 95%, 54% and 13% of wheat
producers surveyed, respectively.

Adoption patterns reflect the success of government policy to
introduce modern technology in wheat production. For example, the
uptake curve of high-yielding varieties among farmers closely
follows the historical release of new varieties and increasing
amounts of seed available through the General Organization for Seed
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Multiplication (GOSM). Since over 80% of farmers list govermment
institutions as a primary seed source, varieties actually grown
conform closely to government targeting. From an initial 5% in the
early 1970s, the proportion of farmers growing HYVs more than
doubled in each succeeding 5-year interval. Interestingly, the
varietal replacement rate is low. By and large, farmers continue to
grow the same varieties that they originally first adopted. Among
those who first adopted HYVs before 1976, for example, varieties
released after 1976 constituted only one-third eof their area and
their varieties grown in 1991. Replacement rates were over half

this modest figure for later adopters.

Durum wheat HYVs are significantly more important in area than
bread wheat; the ratio is 70:30. The most important HYV durum
variety is Cham 1 (released in 1983) with 38% of the HYV durum area
and 29% of farmers growing HYV durum wheat. Mexipak (released 1971)
covers 54% of the HYV bread wheat area and 63% of farmers growing
HYV bread wheat. Haurani, a durum, is the chief local variety (92%

of local variety area).

Impact Assessment of Supplemental Irrigation on the
Productivity, Stability and Sustainability of Rainfed
Wheat-Based Farming Systems in Syria (section 5.2)

Farm Resource Management Program has now been conducting technical
research on supplemental irrigation (SI) for about five years, in
the form both of on-station trials and demonstration trials on
farmers' fields. Parallel with this work has been a continuirg
study of the social and economic dimensions of SI: what the farwers
are doing; how their systems and evolving and why; the implications
for production 1levels, the stability of production and
sustainability.

Much of this work is summarized in the present report. Data
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from farm and village surveys in northeast and northwest Syria,
along with all available experimental results from trials and
demonstrations and much secondary data, have been used to quantify
crop production in situations with and without supplemental
irrigation. Whole-farm budget models have been used to process
values of physical productivity into estimates of economic
productivity and thereby to compare four levels, or development
stages, of SI enterprises. The stages, which tend to be sequential
in any one enterprise, are marked by an increasing intensity of
cropping; and cropping intensity — in turn, determined by the
nature of the water resource and the available managerial skills —-
is seen as the principal factor influencing the productivity and
efficiency of the SI system.

The main focus is on wheat, but other crops have to be
considered when evaluating the whole-farm situation; and the
cropping pattern changes as the cropping intensity increases --
barley and legumes are replaced by higher-value summer crops and
vegetables, although the proportion under wheat tends to remain
static.

The quantitative effect of SI on wheat yields, and its margin
of advantage over rainfed cropping in both physical and economic,
vary greatly from year to year according to the background rainfall,
but the following wheat grain-yield figqures (taken from the village
survey) indicate the approximate degree of difference:

Rainfed Supplemental irrigation

o

Yield range (t/ha) % of farmers Yield range (t/ha) of farmers

1.0 - 1.5 52 < 3.0 20
1.6 - 2.0 36 1.0 - 4.0 68
2.1 - 2.5 12 > 4.0 12
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Calculations suggest that, relative to rainfed cropping, SI
increases the net revenue from wheat: in a wet season by 30%; in an
average season by 58%; and in a dry season, it makes the difference
between a negative and positive net revenue. Three—-season average
values for profit per hectare are 6230 and 3580 SL/ha, respectively,
for the with and without SI situations.

The effect on yield stability is no less important. One
conclusion from this work is that, while SI cannot eliminate all
influence of weather (mainly rainfall) on wheat yields, it can
reduce spatial and temporal variability to a minimum. The farm
survey data showed a reduction in the coefficient of variation of

wheat yields from 86% for rainfed crops to 41% for SI crops.

On the question of sustainability, it is suggested that, in
general, a farming system is more or less sustainable according to
its reliance on "internal" and "external" resources. For systems
based on supplemental irrigation, much depends on the source of
water. Water pumped from an underlying acuifer may be considered an
internal resource; but, if the level of that aquifer is falling,
there may be no long-term sustainability.

Economic Analysis of Chickpea Production in Aleppo
and Hassakeh Provinces of Syria (section 5.3)

Last year we reparted results of a survey in Syria to assess the
performance of winter-sown chickpeas under farmers' conditions and
to hear farmers' views of their potential for adoption and positive
impact. This year we summarize a thesis-related comparison, made
concurrently, of actual on-farm costs and gross margins of winter
and spring chickpea in Hassakeh and Aleppo provinces. These are the
first such comparisons to be based on a large sample of crdinary
farmers cperating under commercial conditions; previous budget data
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on winter chickpea derived from a small number of farmers
participating in on-farm trials.

Average yields of winter chickpea were 78% and 64% higher than
those of spring chickpea in Hassakeh and Aleppo, respectively.
Econamic analysis shows that in Aleppe province the cost of grain
production was 24.9 SL/kg for spring chickpea and 18.6 SL/kg for
winter chickpea, while in Hassakeh it was 15.8 SL/kg and 13.5 SL/q,
respectively. Further, when we compare gross margins, those for
winter chickpea were 102% and 23% higher than those for spring
chickpea in Hassakeh and Aleppo provinces, respectively.

Altogether, this research shows that the yields and gross
margin of winter chickpea are higher than those of spring chickpea
in both provinces. However, this fact is not known by most of the
farmers. Some efficient extension work is necessary. Moreover,
goverrment should take steps to provide winter chickpea seeds and
herbicides and a more efficient marketing crganization.

2.4 Training and Aqrotechnolegy Transfer

See Chapter 6 of this report.
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3. PROJECT 1. MANAGEMENT OF SOIL, WATER AND NUTRIENTS

Introduction

This project has as its long-term goal the development of productive
and sustainable agricultural systems which optimize the efficiency
of use and which conserve the basic and vital resources of soil,
water and crop nutrients., We seek to attain this goal through the
following medium~term objectives:

- To develop an understanding of physical, chemical, biclogical
and environmmental principles which underlie and control the
productivity and sustainability of agricultural systems and
hence develop strategies for the efficient managenent of soil,
water and nutrients.

- To provide data for the development and/or refinement of
methods for the extrapolation of research findings in space
and time. [Linked to Project 2.)

- To provide socloeconomic evaluation of problems of farming
systems and of the adaptability of research results to
strategies for resource management at the farm level. [Linked
to Project 3.]

3.1 Soil Conservation

In implementing its resource management mandate, FRMP has expanded
its activities in the broad field of so0il management and
conservation. Here we give first reports of three recently
initiated studies: the testing and utilization of techniques for
wind erosion measurement; an agronomic investigation of atriplex
hedges intercropped with barley rotations; and a tillage and stukbble
management trial at Breda.
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3.1.1 Wind Erosion Studies
K.B. Timmerman

3.1.1.1 Introduction

The aim of this study is to investigate soil erosion by wind and the
conditions under which it takes place. Information about the
magnitude of erosion losses and the relative importance of
contributing factors would greatly assist the development of
strategies to prevent or reduce them.

Wind erosion depends on the interaction between wind speed and
soil resistance to movement. Erosion occurs when the wind speed
exceeds a threshold above which the power of the wind to move soil
particles is greater than the resistance of the particles to
movement. This threshold speed is a function of the conditions on
and near the soil surface. Altogether, we may express wind erosion
in the following way:

Ex F ((u), (¢), (cx), (a.si), (a.st), (s.r), (8))

wind erosion
threshold wind speed
actual wind speed
surface cover
surface crusting
aggregate size
aggregate stability
surface roughness
moisture content
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Estimated wind erosion increases rapidly with increasing wind
speed in excess of the threshold value, being proportional to (u-y)?
(Skidmore 1965).

Surface cover and vegetation are effective in reducing wind
ercsion damage. In Texas, coverirxy 20% of the scil with simulated

flat crop residues reduced soil losses by 57%, and a 50% soil cover
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reduced losses by 95% (Fryrear 1985); and fine, medium and coarse
gravel spread uniformly at rates of 20, 50, and 100 tons per acre,
respectively, adeguately controlled erosion from a smooth, bare
sandy loam where no traffic was involved (Chepil et al. 1963).

The characteristics of the surface cover, height, percentage
cover and total biomass, influence wind erosion. If the soil
surface is not covered by vegetation, the threshold wind speed is
determined by the condition of the scil surface. Crusting is very
important. Although it adversely affects other scil properties,
such as aeration and water infiltration, if a crust is present no
loose soil particles are available for transport, and no soil loss

oCcaurs.

In the absence of a crust, soil erodibility depends on
aggregate size. Soil aggregates are held together by physical and
chemical bonds. Their size depends on soil type and land-use
practices, and their stability is a function of scil texture and
calcium carbonate and organic matter contents. Aggregates larger
than 2 mm are considered non-erodible. A higher moisture content
increases the ochesive bonds within and between the loose soil
particles and therefore reduces soil erodibility.

Surface roughness influences the energy distrilbution of the
wind close to the scil surface. The greater the surface rcughness,
the lower are the wind speeds near the surface. Microrelief

provides shelter areas in which small loose particles can be

trapped.

In northwest Syria, erosive wirnds occur mainly during June,
July and August. At this time of year, the soil is dry and the
surface cover very sparse. After harvest, sheep graze cereal
stubbles, so that large areas are left almost entirely bare.



32

Erodibility is increased as soil aggregates are pulverized by the
hooves of sheep during grazing. Summer is therefore the period when
wind erosion is most likely to occur.

The following report is in two parts. The first analyses
available wind speed data and, making certain assumptions, assesses
wind erosion risk at different sites in northwest Syria. The second
presents actual soil erosion data from some of those sites during
part of the 1991 summer season.

3.1.1.2 Wind Data Analyses for Northwest Syria
3.1.1.2.1 Wind Data in Northwest Syria

ICARDA maintains several weather stations in northwest Syria at
which wind speed has been recorded. Data are available for the
following stations (years, heights):

- Tel Hadya (36°01'N 36°56'E): (1979-1984) (2m)
(1985-1950) (2m, 10m, max. at 10m,
direction)
- Breda {35°56'N 37°10'E): (1981-1990) (2m)
- Khanasser (35°46'N 37°31'E): (1981-1986) {2m)
- Jindiress (30°24'N 36°44'E): {1981-1990) (2m)
- Bouider  (35°41'N 37°1C0'E): (1986-1990) (2m; 2 years of wind
data only)
- Ghrerife (35°50'N 37°15'E): (1986-1990) (2m)

3.1.1.2.2 WwWind Data at Tel

For Tel Hadya, analyses were based on 10 years' data of wind speed
at 2 m and on 6 years' data of 10 m recordings of average speed,
maximm speed, and direction. These are surmarized in Tables 3.1.1-
3.1.4.
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The following can be concluded:

Highest wind speeds occur in June, July and August. In
November, December and January wind speeds are very low (Table
3.1.1).

For 28 percent of days the average wind speed at 2 m is
greater than 4 m/s (Table 3.1.2).

For 90 percent of days the maximm wind speed at 10 m is
greater than 4 m/s, and for 42 percent of days it is greater
than 10 m/s (Table 3.1.2).

Wind direction is predominantly W and NW in summer (90%), and
N and NE in winter (50%) (Table 3.1.3).

Table 3.1.1. Monthly average wind speeds at 2 m
(1981-1990), 10 m and maximum wind speed at 10 m
(1985-1990), m/s

2m 10m 10mx
January 2.27 2.76 6.17
February 2.61 3.50 8.76
March 2.77 3.85 9.52
April 2.68 3.42 9.00
May 3.13 4.17 10.72
June 4.65 5.87 12.90
July 5.59 6.53 12.85
August 5.25 5.83 11.73
September 3.64 4.12 9.74
October 2.40 3.02 8.02
November 1.95 2.58 6.56
December 2.12 2.62 6.40
Year 3.26 4.02 .36
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- Average daily wind speeds at 10 m greater than 4.5 m/s occur
from W (Feb-Oct), NW (June-July) and E (Dec-Feb) (Table
3.1.4).

- The high wind speeds from the west and their frequent

occourrence pose a major threat of wind erosion damage.

Table 3.1.2. 2annual fregquency percentage of daily average wind
speed at 2 m, 10 m and maximun wind speed (m/s) at 10 m (Tel Hadya)
(1585-1990)

0-2 2-4 4-6 6-8 8-10 10~-13 13-16 16-19 19-22 > 22

2m  32.4 40.7 18.1 8.4 1.4 - - - - -
1tm 23.1 36.2 21.8 13.9 6.5 1.3 - - - -
mwio 0.8 8.6 18.5 15.6 14.8

Table 3.1.3. Wind direction distribution (percentage) at Tel Hadya
(10 m) (1985-1990)

N NE E SE S5 SW W Nw
Jan 36.0 23.0 8.6 10.1 2.2 7.2 7.2 5.8
Feb 14.7 28.4 10.3 8.6 4.3 6.9 11.2 15.5
Mar 15.3 24.2 3.2 8.1 5.6 1.6 24,2 17.7
Apr 14.6 16.9 2.2 6.7 4.5 11.2 1.1 24.7
May 12.8 4.6 1.8 2.8 6.0 9.2 45.0 23.9
June 2.1 1.0 0.0 0.0 1.0 8.3 e7.7 19.8
July 1.8 0.0 0.0 0.0 0.0 3.6 76.6 18.0
Aug 3.6 1.0 0.0 0.0 0.0 3.5 72.7 17.3
Sep 8.6 6.7 1.0 1.0 4.8 7.6 41.9 28.6
oct 28.7 16.5 2.6 5.2 7.8 11.3 13.9 13.9
Nov 27.2 39.8 4.9 5.8 2.9 4.9 3.9 10.7
Dec 39.2 24.8 8.8 10.4 4.0 2.4 4.0 6.4
Year 17.1 15.6 3.6 4.9 3.1 6.6 32.3 16.9
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Table 3.1.4. Monthly average wind speed (m/s) at 10 m,
specified by wind direction (Tel Hadya) (1985-1990)

N NE E SE s SW W NW
Jan 2.3 3.1 4.5 1.9 - 2.9 3.1 3.5
Feb 2.7 3.2 5.0 2.4 - 3.5 5.9 3.4
Mar 3.1 3.4 - 3.6 2.4 - 5.0 3.6
Apr 2.8 3.0 - 1.7 - 2.8 6.2 3.1
May 2.7 - - - - 3.8 5.7 3.8
June - - - - - 3.3 7.0 6.0
July - - - - - - 7.4 5.3
Aug - - - - - 4.0 7.3 4.1
Sep 3.1 4.1 - - - 4,2 6.0 3.3
Oct 2.8 2.8 - 1.8 2.3 3.4 5.4 2.5
Nov 2.1 2.6 - 1.5 - - - 2.0
Dec 2.4 2.7 4.6 2.3 - - - 3.4
Year 2.7 3.1 4.7 2.2 2.4 3.5 5.9 3.7

(Omits directions that occur on less than 5% of days)

3.1.1.2.3 Wind Speed Data at the Six ICARDA Weather Stations

Monthly and yearly average wind speeds at the height of 2 m for the
six ICARDA stations are shown in Tables 3.1.5 and 3.1.6. At all
stations, highest wind speeds occour in summer and lowest wind speeds
in winter. The yearly average speed at 2 m is highest for Breda
(3.66 n/s), but values for Tel Hadya, Khanasser and Ghrerife also
exceed 3 m/s. Values for the stations with a shorter recording
period have been adjusted (using a correction derived from Tel Hadya
data) to allow for annual differences; so observed differences in
wind speed cannot be explained by this factor.

There is no clear spatial relationship. Local differences in
relief and land use may result in different levels of surface
roughness and resistance against airflow. In the case of Jindiress,
the weather station is located in an undulating environment; and
there are high olive trees not too far away, which may reduce wind
speeds. Differences in wind speed between Breda, Bouider ard
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Table 3.1.5. Monthly average wind speed (m/s)
at 2 m for Tel Hadya, Breda, Khanasser,
Jindiress, Bouider and Ghrerife

TH Br kh Ji Bu Gh

Jan 2.27 2.96 2.49 2.11 1.74 2.62
Feb 2.61 3.60 2.82 2.43 2.17 3.03
Mar 2.77 3.36 2.78 2.51 2.80 3.03
Apr 2.68 2.97 2.69 2.50 2.59 2.66
May 3.13 3.59 3.17 2.74 2.88 3.00
June 4.65 4.94 4.50 3.84 3.43 3.98
July 5.5¢ 5.60 5.00 4.57 3.27 4,17
Aug 5.25 5.02 4.59 4,36 3.29 3.73
Sep 3.64 3.67 3.45 3,10 2.28 2.84
Oct 2.40 2.88 2.09 1.98 1.67 2.56
Nov 1.95 2.56 2.19 1.82 1.49 2.27
Dec 2.12 2.82 2.40 2.06 1.51 2.35
Year 3.26 3.66 3.18 2.84 2.43 3.02

Table 3.1.6. Anmual average wind speed (m/s) at 2 m for
Tel Hadya, Breda, Khanasger, Jindiress and Ghrerife

TH Br kh Ji Ch
1980 3.49 - - - -
1981 3.37 - - - -
1982 3.32 3.65 3.18 3.04 -
1983 3.32 3.61 3.24 2.85 -
1984 3.28 3.83 3.38 2.92 -
1985 3.35 3.58 3.31 2.86 -
18986 3.21 3.68 - 2.87 =
1887 2.90 3.63 - 2.55 3.03
1888 3.04 3.53 - 2.63 2.88
1989 3.30 3.84 - 2.98 3.02
1990 3.29 3.70 - 2.78 3.16
av 3.26 3.67 3.28 2.83 .02
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Ghrerife are significant. Since the stations are quite close to
each other, this is probably due to local differences in relief,

surface cover and surface roughness.

Average anmual wind speeds for individual stations show only
small variability from year to year (Table 3.1.6). Between
stations, values are well correlated for Breda, Khanasser and
Ghrerife, places located close to each other. For stations that are

further apart, there is no clear correlation.

3.1.1.2.4 Evaluation of Average Daily Wind Speed as a Measure of
the Frosive Power on a Specific Day

Uncertainty attaches to using daily wind speed values to indicate
the erosion hazard. Wind erosion occurs only when the wind speed
exceeds the threshold value (for current surface conditions). If it
does, then the erosion increases exponentially. On a day with an
average daily wind speed below the threshold, ercsion may still
occur during any part of the day when the wind speed exceeds the
threshold. Conversely, on a day with an average daily wind speed
above the threshold, wind erosion may not occur for the entire day.
The following analysis exanines whether daily values of average wind
speed can be used as$ measures of the erosive energy on specific
days. The detailed wind speed data used were recorded at Mragha
{35°33'N 37°40'E), where an automatic weather station was installed
at a research station of the Syrian Directorate of Steppe and Range.

At Mragha, hourly averages, maximun wind speed and daily
standard deviation were recorded from August 20 to November 20 1991.
The average daily wind speed over the recorded period was 3.39 m/s,
with a maximm value of 6.27 and a minimm of 1.57. The average
maximm wind speed was 7.42 m/s, with a maximum value of 13.9 and a
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minimm of 2.8. Standard deviations range from 0.5 to 2.77.

Average daily wind speed could be used as an index of erosive
power, if wind speed values were normally distributed over the day.
This has been tested (x’-Test and Kolmogorov-Smirnoff Test) for
hourly average wind speeds in the 93-day dataset from Mragha. Using
a 10% significance level for the y’-test, wind speed showed a normal
distribution on 87% of the days. The Kolmogorov-Smirnoff test is
more sensitive than the x® test to deviations in the tails of
distributions where frequencies are low (Davis 1973). Using the
same significance level, this test indicated that hourly wind speeds
showed a normal distribution on all days.

An additional way to test the normality of the distribution is
to compare the maximum wind speed recorded in the field with the
maximm wind speed calculated from the average wind speed and the
standard deviation. An assumption of normality underlies this
calculation. Wind speed was recorded every minute of the day. Thus
the maximum recorded wind speed was the highest value of 1440
samples. The chance of this measurement is 1/1440, which
corresponds to a value of 3.197 in the Z-distribution. An
estimation of the maxirum wind speed is: average wind speed + (3.197
* gtandard deviation). For the 93 days, the average value of
recorded maximum wind speed minus the estimated maximm wind speed
is -0.19 m/s with a standard deviation of 1.0. This represents a
good match between recorded and calculated maximum wind speeds,
indicating that the data conform to the assumption of a normal
distribution.

Regression analyses show a correlation coefficient between
average daily wind speed and maximum wind speed of 0.83 and between
average daily wind speed and the standard deviation of 0.78. The

regression eguations are:
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Wind speed max. = 1.80 * wind speed av. + 1.31 {m/s)
Standard Error of Estimate: 1.35

St. Dev. = 0.40 * wind speed av. - 0.06 {m/s)
Standard Errcr of Estimate: 0.37

The equations may beccome more stable with a larger data set.
They could be used where values for maximm wind speed and standard

deviation are not available.

3.1.1.2.5 Calculation of Ercosive Power

If wind speed is normally distrikbuted, erosive power can be
calculated from the threshold wind speed, average wind speed and
standard deviation. The normal distribution allows the probability
of any particular wind speed to be calculated. Values of erosive
power for an individual day have been calculated for a range of net
wind speeds (average wind speed minus threshold wind speed, u-u) and
standard deviations (Table 3.1.7) as follows:

- The tine scale for the calculations is seconds. Probabilities
of the occurrence of particular values of net wind speed are
calculated.

- For a large number of Z-values the net wind speed is
calculated ard raised to the third power. For each value, the
contribution to total erosive power is obtained by maltiplying
by the probability of occurrence.

- The total amount of erosive power is the sum of all the
subtotals.

Table 3.1.7 shows that, even with an average daily wirnd speed
2 m/s lower than the threshold value, there is some erosive power.
When the daily mean windspeed is low, the amcunt of erosive power
depends mainly on the standard deviation; for higher mean daily wind
speeds the standard deviation is less important. Taking the cube
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Table 3.1.7. Erosive power (m/s)® per day, according to net wind
speed (u-y) and standard deviation of the average wind speed on
that day

Net wind Standard deviation of average daily wind speed
Gpoad | mmmmmmmemmme e e e e
(m/s) 1.00 1.25 1.50 1.75 2.00 2.25 2.50
-2.0 0.01 0.03 0.11 0,30 0.65 1.21 2.06
-1.75 0.01 0.06 0.18 0.43 0.88 1.58 2.61
-1.5 0.02 0.0% 0.27 0.62 1.19 2.05 3.28
-1.25 0.04 0.16 0.41 0.87 1.58 2.64 4.09
-1.0 0.08 0.26 0.61 1.20 2.09 3.36 5.08
-0.5 0.26 0.63 1.26 2.21 3.55 5.35 7.68
0 Q.73 1.42 2.46 3.90 5.82 8.29 11.36
0.5 1.77 2.92 4.50 6.58 9.22 12.49 l6.46
1 3.81 5.55 7.81 10.65 14.14 18.36 23.36
1.5 7.34 9.84 12.88 16.60 21.06 26.34 32.50
2.0 13.28 16.41 20.29 24.98 30.52 36.97 44,40
2.5 22.07 25.94 30.71 36.42 43.10 50.82 59.61
3.0 34.53 39,14 44 .82 51.58 59.46 68.49 78.72
3.5 51.43 56.75 63.33 71.70 80.27 90,66 102.40
4.0 73.50 79.50 87.00 95.90 106.20 118.00 131.30
4.5 101.50 108.20 116.60 126.50 138.10 151.30 166.10
5.0 136.20 143.50 152.70 163.70 176.50 191.10 207.50
5.5 178.20 186.30 196.30 208.40 222.40 238.30 256.30
6.0 228.50 237.20 248.00 261.10 276.30 293.60 313.10
6.5 287.70 297,00 308.70 322,70 339.00 357.80 378.80
7.0 356.50 366,40 378.90 393.90 411.40 431,50 454.00
7.5 435.80 446.30 459.50 475.50 494.10 515.50 539.60
8.0 526.20 537.30 551.30 568.20 588.00 610.70 636.20

root of any value in Table 3.1.7 gives the net wind speed that, if
blowing for 24 hours constantly, would produce an equal amount of

erosive power.

The erosive power of the wind on any specific day may be
calculated from the average wind speed on that day and assumed
quantities for the threshold value and the standard deviation. But
the calculation procedure is time consuming. Alternatively, a value
for the amount of ercsive power for a specific day can be read from
Table 3.1.7, if data on threshold wind speed and standard deviation
are available.



41

3.1.1.2.6 FErosivity for the Five Stations

At any particular site, the magnitude of the threshold wind speed
depends on the size and density of loose soil particles and on soil
surface conditions, which are partly controlled by land management.
Values change over the seascn and are rarely precisely known. In
the literature, a wide range of threshold wind speeds (m/s) are

encountered:

- 4.1 (Malina 1941 in Skidmore 1965) for the transport of sand;

- 5.8 to 13.5 at a height of 30 cm, deperding on the previcus
history of the field (Chepil 1945 in Skidmore 1965);

- 6.4 at a height of 2 m, for sandy material (De Boodt & De
Vleeschauer 1981);

- 8 at a height of 6 to 8 m, for highly erodible soil (Bondy et
al. 1980).

In the present calculaticn, the uncertainty of the threshold
wind speed is dealt with by using three different values, 3, 5, and
7 m/s (at 2m height). These values are arbiftrary but probably cover
the values that usually apply in northwest Syria. For actual wird
speed, average daily values are used, since calculation of the
distribution of wind speeds over the day would have been too time
consuniing. The calculated erosive power levels are lower as a
result, but this may compensate for the threshold wind speeds that
have been chosen, which may be slightly low. These assumptions are
acceptable, because the main purpose is to compare the different
stations rather than to provide actual values of ercsive energy.
Bouider has been excluded because of its short recording period.
For the cther five stations, erosive power has been calculated in
the following way:
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- Assumed threshold wind velocities of 3,5 and 7 m/s at 2 m have
been subtracted from the average daily wind speed values;

- If the subtraction is negative, the day is set to zero; if
positive, the value is raised to the third power.

This provides erosive power values for every individual day.
Tables 3.1.8, 3.1.9 and 3.1.10 summarize these values on a monthly
basis for the three chosen threshold wind speeds.

Table 3.1.8. Average wonthly erosive power (m/s)? for
five stations in northwest Syria, assuming a threshold
wind speed of 3 m/s

TH Br ¥h Ji Gh
Jan 28.2 246.0 38.0 21.8 95.6
Feb 68.0 577.0 134.0 57.5 140.0
Mar 47.7 260.0 42.1 20.8 100.0
Apr 41.7 61.0 28.1 12.1 20.3
May 97.4 194.8 101.0 27.3 35.2
June 572.9 662.5 301.0 190.0 163.0
July 1270.7 1296.0 520.0 458.0 228.0
Aug 978.8 682.0 313.0 298.0 123.0
Sep 224.2 163.0 95.9 73.8 15.3
Oct 32.2 116.0 16.2 6.1 47.6
Nov 5.0 144.0 21.4 7.4 21.1
Dec 44.1 473.0 45.6 27.6 80.9
Total 3411 4874 1656 1200 1070

Differences between stations in total erosive power are quite
large. Because they depend on the third power of the net wind speed
difference, they are much larger than the differences in average
wind speed (Table 3.1.5). For the same reason, at each individual
station, the total ercsive power declines sharply with increasing
thresheld wind speed.

The erosive power is largely concentrated in June, July and
August at all stations, At a threshold wind speed of 5 m/s, 90% of
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the erosive power is concentrated in these months at Tel Hadya; at
Jindiress, 87%; at Khanasser, 69%; and at Breda, 47%. The data of
Ghrerife are less reliable because of the shorter recording period.
All stations exhibit a substantial amount of erosive power in
February in spite of a lower average wind speed. This is explained
by the higher standard deviations in this month arising from a
greater variability in wind speeds.

Values of toctal annual erosive power apparently vary
appreciably from year to year at each station, particularly for
higher threshold wind speeds (Tables 3.1.11-3.1.13). There is some
correlation between the stations; 1984 arxd 1989 were years of high
total erosive power and 1987 a year of low total erosive power. The
year with the highest average wind speed was not always the year
with the highest total erosive power. This is because erosive power
increases exponentially with higher wind speeds. Years with higher
variance in wind speed have a relatively higher total ercsive power.

Table 3.1.11. Total annual erosive power (m/s)’ for
five stations in northwest Syria, assuming a threshold
wind speed of 3 m/s

TH Br Kh Ji Gh
1980 36392 - - - -
1981 3366 - - - -
1982 2891 5403 1458 1742 -
1983 3672 3781 1426 1325 -
1984 4675 6170 2440 1443 -
1985 4180 5086 1588 1190 -
1986 4057 4802 - 1064 -
1987 1623 3672 - 436 815
1988 1967 3832 - 615 952
1989 4183 7009 - 2091 1230
1990 3272 4744 - 997 1220
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Table 3.1.12. Total annual erosive power (m/s)? for
five stations in northwest Syria, assuming a threshold
wind speed of 5 n/s

TH Br Kh Ji Gh
1980 480 - - - -
1981 540 - - - -
1982 339 1225 80 189 -
1983 489 607 47 112 -
1984 777 1228 188 102 -
1985 628 1241 124 74 -
1986 706 86l - 75 -
1987 148 521 - 12 38
1988 213 663 - 28 102
1989 607 1430 - 276 80
1920 419 897 - 59 98
Av 486 964 110 93 80

Table 3.1.13. Total annual ercsive power (m/s)’ for
five stations in northwest Syria, assuming a threshold
wind speed of 7 m/s

TH Br EKh Ji Gh
1980 11 - - - -
1881 36 - - - -
1982 8 220 0 3.8 -
1983 14 55 0 1.0 -
1984 41 153 1.8 0 -
1285 35 278 3.2 0.1 -
1986 60 77 - 0.6 -
1987 4 30 - 0 0.2
1988 5 70 - 0 4.9
1989 23 156 - 35.0 1.0
1990 24 113 - 0.3 1.3
Av 24 128 1.3 4.5 1.8

3.1.1.2.7 Conclusions

Strong winds from the West in June, July and August bring the
greatest threat of wind erosion in northwest Syria. Wind speed
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appears to be a very local and highly variable parameter. The
significant differences between stations in recorded wind speed, and
the lack of a clear spatial trend, make it impossible to interpolate
wind speed for locations that lie between the stations.

On most days (at one station for which detailed data are
available), wind speed shows a normal distribution. This is taken
to justify taking average daily wind speed as a measure of erosive
power. If values of the standard deviation of the wind speed and
the threshold wind speed are also available, ercsive energy can be
accurately estimated.

Erosivity analyses show the great importance of threshold wind
speed in the calculation of erosive power. This is a complicating
factor in wind erosion research, because threshold wind speed is a
dynamic parameter and difficult to measure in the field.

3.1.1.3 Measurement of Wind Erosion
3.1.1.3.1 Selection of Sites for Wind Erosion Measurements

wind erosion has been measured at eight sites across four locations
along a rainfall gradient, Tel Hadva, Breda, Ghrerife and Mragha
(annual means: 327 mm, 262 mm, 244 mm and < 200 mm, respectively).
There is also a soil gradient. At Tel Hadya, soils have vertic
properties, due to the presence of smectite clay minerals. Clay and
silt contents are 60 and 32%. At Breda (clay and silt contents, 40
and 42%, respectively)} and Ghrerife (60 and 15%), vertic properties
no longer occur. Organic matter content is less than 1% at all

three locations.

At Mragha, soils have formed under completely different
corditions. Gypsum centent is more than 50%. The soils have a very
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massive structure. At the soil surface, there is an "organic crust"
(OM > 4%) about 1 cm thick, which has been eroded over large areas.

At Tel Hadya wind erosion was measured at three sites, each
under different utilization during the preceding cropping season:
(1) bare fallow, (2) medicago seed production with vacuum seed
harvesting, and (3) chickpea, harvested by combine. At Breda, two
sites: (4) barley, hand harvested (plants pulled and all biomass
removed), and (5) barley, harvested by combine. At Ghrerife: (6)
barley and bare fallow strips between lines of Atriplex bushes; and
at Mragha: (7) large field of degraded steppe, and (8) larye field
of 'improved' steppe (with planted Atriplex spp.).

3.1.1.3.2 Methcdology

Modified BSNE-samplers, developed by the USDA at Big Spring, Texas
(Fryrear 1986) to collect airborne dust under natural field
corditions, ard copied at the ICARDA/workshop, were used to measure
wind erosion. Fryrear's composite dust sampler (Figure 3.1.1)
consists of a vertical pin (1.5 m high) placed upright in the soil,
on which four individual samplers are fixed. Each individual
sampler has a wind vane and can rotate around its axis. The vane
makes sure that the sampler is balanced and faces into the wind.
The lowest sampler collects airborne material at two heights,
approximately 5 and 10 cm above the soil surface. The other
samplers collect material moving at heights of 20, 50 and 100 cm,
respectively. 1Inside each sampler, level with the base of the
opening, is a coarse mesh floor, through which the collected
material falls into a tray. At the top, there is a fine mesh cover
to allow the air flow. Each sampler can be opened, and the contents
of the collection tray removed for weighing and analysis.
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Figure 3.1.1 BSNE-dust sampler, for measuring wind
erosion under natural field conditions

In each test field, three pins are installed in a line along
the line of the predominant wird direction. In summer in northwest
Syria, this is W and NW (90%). The first pin (west-facing side of
the field) should preferably be installed near a non-erodible
boundary, so that no locally eroded scil is collected. The amount
of material collected here serves as a background value. The third
pin should be placed at least 200 m downwind from the first pin.
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The wind needs a 200 m fetch over a specific surface to reach about
90% of its bearing capacity. The second pin should be put half way
between the other pins, to study the build up in the collected
material.

In the wind erosion process, soil particles are transported in
different modes: creep, saltation and suspension (Fryrear et al.,
unpublished). Creeping particles have a diameter of 1 to 2 mm.
They are too large to be transported in the air and roll over the
soil surface. Saltating particles have a diameter of 0.1 to 1 mm
and, deperding on surface roughness, particle size and distribution
and wind speed, mcve in a series of short hops at heights generally
below 1 m. Susperded particles range in diameter from < 0.001 to
0.1 mm and are subject to leng-range transport.

At each pin, soil material moving in the wind is sampled at
five different heights, and the total amount passing the pin is
calculated by integrating the five sample values, as follows (after
Fryrear et al., unpublished):

- the amounts of scil, collected at each height, are
standardized to kg/nf.

- for creep and saltation, the equation: f = a * e ¥'F ig used,
in which y is the height (m) above the surface and B is the
slope of the creep/saltation curve. The standardized amounts
of soil, collected at 5, 10 and 20 am, are used to solve this
equation, giving values, a, and B,.

- for suspension, the equation: f = a * y # is used, in which
y is the height (m) above the soil surface and B is the slope
of the suspension curve. The standardized amounts of soil,
collected at 20, 50 and 100 cm, are used to solve this
equation, giving values a, and B,.
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- the height at which the two curves cross (X), considered to be
the upper limit of saltation and the lower 1limit of
suspension, is calculated.

- the amount of creep is calculated by integrating the creep/
saltation equation ketween heights 0 to 0.003 m, and saltation
by integrating between heights 0.003 and X; and the amount of
suspension is calculated by integrating the suspension
equation between heights X and 1 m.

- the total amount of material passing the pin is the sum of
creep, saltation and suspension.

This calculation procedure is conmputerized, so that only the
values of the collected amounts of soil need to be entered to cbtain
a value for toctal erosion.

Other relevant measurements included: Wind speed and rainfall
(all four locations) and wind direction (Tel Hadya only) ({(average
daily wirnd speed values are available for Tel Hadya, Breda and
Ghrerife; average hourly wind speed, maximum wind speed and standard
deviation for Mragha). Aggregate size and stability. Scil surface

samples were sieved by hard gently, to obtain the non—erodible-,
creep—, saltation- and suspension fraction. Afterwards, the samples
were sieved mechanically for 10 minutes, to study the breakdown of
aggregates. Surface cover: less than 3% for all arable fields,
which may be considered as effectively bare during the pericd of
cbservations; but paddocks at Mragha had greater surface cover.
Surface crusting and surface roughness: monitcred to some extent.

3.1.1.3.3 Wind Prosion Measurements

Due to delays in the fabrication of the dust samplers, measurements
were limited to the period, September 11 to November 11, 1991, which
is after the end of the main erosive season. Wind speeds decreased
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from September onwards, and rainfall started in Octcober.

Samewhat surprisingly, most erosion was measured at Tel Hadya,
on the field previously under Medicago. The medic crop had been
harvested by a vacuum seed harvester, and this operation destroyed
the soil surface structure, leaving behind a highly erodible field.
Aggregate size analysis showed that 67% of the soil surface material
was in the saltation fraction (1-2 mm) and 6% in the suspension
fraction. (Next to the medic field, a ditch was filled with eroded
soil; 98.9% of this material was in the saltation fraction.)

Although measurements continued for two months, most erosion
occurred during the period, September 17 to 25, when mean and
maximm average daily winds speeds were highest -- 3.52 and 7.08
m/s, respectively —— and predominantly from the west. After this
time wind speeds were lower, wind direction was variable,
intermittent rain events occurred, and virtually no further soil
loss was recorded. But during the critical week in September, over
2 t of soil were transported out of the field over a 100 m width.
Figures 2.1.2 and 3.1.3 show the lateral and vertical distribution
of the collected soil. Apparently, very little soil (16.2 kg/nf) was
moving at the beginning of the field (Pin 1); by half way (Pin 2)
there was a significant increase (891 kg/r’), and at the end (Pin 3)
2109 kg/m was moving, presumably right off the field. Most of this
soil was transported by saltation and the amcunt of collected
material decreased sharply with height (Figure 3.1.3). This is a
common feature in wind erosion and is consistent with the particle
distribution found at the soil surface.

A single day can be identified as providing most of the
erosion. On September 18, the average daily wind speed was 7.08 m/s
and the predominant direction was west. The second highest daily
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wind speed (5.68 m/s) occurred on September 19. A wind speed higher
than 5.68 m/s also occurred during another recording peried, kut
that period produced much less soil in the samplers. Therefore most
of the erosion recorded during 11-25 September seems likely to have
ocourred on September 18.

It is interesting to extrapolate these results to the whole
period for which this vulnerable field was exposed to the wind.
From July 11 to Octcber 5, soll surface conditions must have been
comparable to those pertaining on September 18. Analyses of wind
speed for this period show that there were 16 days with average
daily wind speeds between 7.08 and 8.08 m/s; 10 days between 8.08
and 9.08 m/s and 2 days between 9.08 and 10 m/s. If the erosion
loss on each of these days was similar to that on September 18,
total loss would have been over 60 tons. This corresponds to a
surface lowering of approximately 3 mm. If we allow for the fact
that erosion increases with wind speed and would therefore have been
greater on some of the days, actual loss may well have been double
that amount.

Cn the other two fields monitored at Tel Hadya, ex-fallow and
ex—chickpeas, there was little erosion. In the main erosive pericd
{September 11-25) there was some increase in material collected
between the first and third pin, but in each case the amcunt
collected at the end of field was less than 20 kg/n.

Examples of the soil surface material indicated, for the ex-
fallow field, 54% in the saltation fraction and 5% in the suspension
fraction; and for the ex—chickpea field, 68 arnd 4%. These values
are higher than expected (and imply more erosion) but result from
the sampling technique. The soil surface is disturbed when samples
are taken, and the fragile crust breaks apart. This fragile crust

provides significant resistance against wind erosion and covers fine
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particles that are not exposed to the wind. If a crust is present,
the aggregate size analyses is useful only as a relative index. A
technique to measure the erodibility of a crusted soil is not yet
available.

No serious wind erosion was recorded at any of the other three
sites. At Breda, there were two measuring periods before the first
rain, during which the maximum daily wind speed was 5.83 m/s,
appreciably less than at Tel Hadya. In neither test field was there
any clear increase from one end to the cother in the amcunt of
airborne material. During the third recording periocd, October 1-8
(after rain), the maximm wind speed was 6.59 m/s. Approximately 40
kg/n? were collected at both fields, but the high percentage found
in the suspensicn fraction is significant. Probably, this was not
local erosion but dust received from the east.

At Ghrerife, the maximum daily wind speed (in the first
measuring period) was 6.25 m/s. Little material was collected in
the samplers. During the third recording period (October 1-8,
maximm daily wind speed, 6.22 m/s, predominant direction ENE), 88
kg/n? was collected at the eastward pin, decreasing to 50 kg/m’ at
the westward pin, and during the fifth period (October 20-November
10, 3.84 m/s, N), 107 kg/n? was collected at the westward pin. These
are probably not local erosion recordings, but dust received from
elsewhere.

At Mragha, the maximm daily wind speed was 6.22 m/s (recorded
during the period 16-22 September). Due to topography, wind speeds
are probably hicher in the unimproved (degraded) paddock; but little
material was collected in either paddock. Most scil was collected
during winds from the east, indicating dust from elsewhere.

The wind erosion action at Mragha appears to be different from
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that in the arable fields at the other locations. One obvious
feature is the patchy removal of the protective organic crust,
exposing the subsoil. Loss of this crust is serious because it
contains soil nutrients and seeds. Below, the soil has a very
massive structure. No soil samples have been taken for aggregate
size analysis, because there are no individual aggregates. Although
little dust has been collected, there is significant erosion damage
near Mragha. It is not clear how this happened.

3.1.1.3.4 Oonclusions

Although the recording periocd was short and limited to the end of
the wind erocsion season, the collected data are of considerable
interest and, significantly for the future of this work, the
methodology employed seems to perform well. In particular,

- The data of the medic field show that, in a highly erodible
field, the lateral huild-up of local wind erosion can be
studied.

- It is possible to collect and identify very fine dust of non-
local origin.

- Wind speed ard direction data and information on lateral and
vertical distribution of the collected material make it
possible to determine the origin, local or otherwise, of the
collected material

Soil management is a very critical factor. The exceptional
case of the medic field has demonstrated how erosion can be
accelerated perhaps one hundredfold by inappropriate management.
Under normal conditions, Tel Hadya soils are not susceptible to wind
erosion. The high clay content arnd calcium carbonate results in
stable aggregates of sufficient size. In many cases, the soil
surface is protected by a crust, but -- given reascnable tilth —
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the absence of a crust does not greatly increase vulnerability to
wind erosion. Had it been cultivated after harvest, the medic field
would likely have been no more susceptible to erosion than those
previously under fallow or chickpeas.

The low values recorded for soil erosion at the cother sites
probably reflect the timing of the measurements —— the period of
strongest winds was already over =—- ard the relatively low
erodibility of the fields used. Neither Breda nor Ghrerife arable
soils lack natural structure; and the post-harvest soil surface of
ICARDA-managed land, with or without crust or crop residues, will
usually be sufficiently irregular to protect loocse, ercodible soil
material from all but the strongest winds. As the Tel Hadya show,
surface condition is the major factor on open land. Sericus wind
erosion can occur almost anywhere when the surface aggregates are
pulverized, and this happens every vyear on farmers' stukble and
fallow fields (and on grazing land) through the agency of small
ruminant hooves. Such situations need to be included in future wind
erosion studies, and simple preventive measures (strip tillage?)
evaluated.
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3.1.2 Potential of Atriplex Hedqes for Wind Erosicn Control
M.J. Jones
3.1.2.1 Introduction

As mechanized tillage extends further into the flatter areas of dry
rangeland and dry marginal arable, the danger of serious wind
erosion intensifies. Appreciable wind erosion was observed in
grazed fields of barley stubble in the Ghrerife area (barley-zone,
mean anmual rainfall, 250 mm approx) in 1990 and 1991. One
potential solution to the problem is to plant windbreaks, but for
these to be acceptable to farmers they should be productive.

Atriplex spp are drought-resistant fodder shrubs planted to
improve degraded dry rangeland by govermment agencies in Syria and
many other countries. The planting of such shrubs almost certainly
controls wind erosion, but stands of shrubs may be less attractive
to land users in steppe areas than the quick returns obtained from
ploughing and planting to barley. One possible compromise —
applicable to both steppe and barley-zone conditions — would be to
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grow the barley in arable strips between shrub hedges. The hedges,
planted transverse to the prevailing wind, would provide erosion
control and a grazing resource, while the greater part of the land
surface could still produce barley and other feed crops.

Two activities were initiated in the 1950/91 season to follow-
up on this idea: to provide experience of establishing and managing
atriplex hedges; to investigate how well crops grow between those
hedges; and to provide data of total productivity (crops and
atriplex forage) on land effectively under mixed cropping. This
appears to be a necessary preliminary to establishing demonstraticns
of wind erosion control by hedges, which would need to be a large-
scale operation.

3.1.2.2 Observation at Mragha

The Steppe and Rarnge Directorate of the Syrian MAAR maintains a
large station in the steppe at Mragha (Aleppo province), about 30 km
east of Khanasser), which has been largely planted to Atriplex spp.
Some of this (mature) atriplex is in double rows with ploughed
alleyways between, 10-12 meters wide. With the cooperation of the
Steppe and Range Directorate Staff, short lengths of six of these
alleyways were sown to barley in December 1990, to provide six
replicates of two treatments: with fertilizer (20 kg N ard 60 kg
POs/ha) and without. Under a seascnal rainfall of 215 mm, which may
ke slightly above the long-teym mean for this site, mean yields
were:
With fertilizer Without fertilizer

Grain 0.69 0.48
Total dry matter 1.93 1.26 (t/ha)
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3.1.2.3 Atriplex Trial at Ghrerife

Access to additional land adjacent to FRMP's small experimental
field at Ghrerife made possible the planting of a new long-term
trial (approx 4 ha) specifically to look at atriplex intercropping.
In January and February 1991, around 10,000 young atriplex shrubs
{(Atriplex halimus) were planted cut in a long sequence of rows, each
approximately 60 m long, to comprise two replicates of a partial
factorial combination of four hedge designs (varying number of shrub
rows and inter-shrub distances) and three widths of arable alley-
way. Half of each 60 m length of hedge was planted with phosphate
fertilizer (about 5 g P, as single superphosphate, per shrub), half
without. All bushes were watered at the time of planting and once
subsequently (April). Two crop rotations will be grown on the
arable areas, barley-barley and barley-vetch. In this first year,
sowing was unavoidably very late, only barley was sown and the vetch
plots were left fallow. The full rotations will be established in
the 1991/92 season.

3.1.2.4 Corment

At least ancother year must elapse before this work begins to yield
hard data; but, meanwhile, two observations may be recorded:

i. No interaction between mature atriplex shrube and barley was
evident on the barley grown at Mragha; crop growth and height
was uniform across the width of the arable strip from one
hedge to the other.

ii.  Phosphate fertilizer very strongly promoted the growth rate of
young atriplex shrubs at Ghrerife. Growth was very weak in
the absence of fertilizer, particularly on those parts of the
site that had not previcusly been under crop experiments.
(Across the site as a whole, values of Olsen available-P
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ranged from 1.8 to 5.2 ppm; mean, of 10 samples, 3.1 ppm).

3.1.3 Tillage and Barley Residue Management Trial at Breda
M.J. Jones and H. Harris

3.1.3.1 Introduction

The increasing intensity of cropping and tillage across wide open
tracts of arable land in dry areas is increasing the risk of wind
erosion. The areas concerned support large populations of small
ruminants, and most stubble and crop residues are intensively
grazed. Particularly after a poor rainfall season, flocks are
herded across the same field several times during the long hot
sumer, until very little plant material remains and any soil-
surface structure or roughness has been largely broken down. Given
the value of animals and animal feed, this practice will not be
readily changed; but it is still important to quantify what is
happening and to establish the value (and costs) of alternmative,

more conservative practices, such as stubble retention.

Purther, in some enviromments, the retention of cereal
stubbles after harvest is said to reduce evaporative loss from the
soil and to contribute to a better water balance of the succeeding
crop. While it seems unlikely that the same will happen in the dry
barley lands of Syria, it is necessary to obtain some hard data to
settle the issue. It is possible, also, that retention of crop
residues on the soil surface may, with time, improve the surface
structure and in turn, the slow rate of infiltration into the silty,
capping soil. Since small quantities of additiocnal stored water can
have a significant effect on crop production, efficiency of
infiltration could be important.

For these purposes, a "tillage and barley residue management"
trial was established on a 2.5 ha field at the Breda station in the
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1989/90 season. The five main treatments examine the guestions of:
tillage v. no tillage; time of tillage; straw retention; stubble
retention, in the following combinations:

Tillaget Tillage when Straw* Stukble*
1. Yes October Remove Graze
2. Yes Octcber Remove Leave
3. Yes June Remove Graze
4, No - Remove Leave
5. No - Leave Leave
1 Ducksfoot

*

Straw removal and stubble grazing, soon after harvest, May/June

[The direct—drill ('zerc-till') planter, necessitated by treatments 4 and
5, is used to plant the whole trial, to ensure uniform row-spacing and
seed rate. ]

These treatments are applied after the harvest of all barley
crops in the two rotations, barley-barley (B-B) and barley-vetch (B-
V). Both phases of each rctation are represented each year, and the
barley crop in the first phase receives phosphate fertilizer in the
seedbed. (Further, each barley plot is divided into three subplots
to carry three N-fertilizer treatments, 0, 20, and 40 kg N/ha.
These are applied in both phases of the B-B rotation but not to the
vetch in the B-V rotation.)

All the wvetch crop is harvested as hay, so there are no
subsequent 'straw' or ‘'stubble’ treatments, but the pattern of the
tillage treatments is the same as that following the barley crop.

The first crops were planted in this trial in 1989/90. The
1990/91 crops were thus the first to follow the varicus tillage and
residue management treatments. Their vield data are most easily
considered in three groups: barley in B-B rotation, barley in B-V
rotation, and vetch in B-V rotation.
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3.1.3.2 Yields of Barley in B-B Rotation

There were three experimental factors operative: (i) P-fertilizer
applicaticn — because both rotation phases are represented and the
P addition is bianmual, half the plots received P in 1990/91, half
did not; (ii) three rates of topdressed N-fertilizer; and (iii) the
five management treatments involving tillage and the disposition of

barley residues from the previous season.

The main effect of applied P was small and non-significant,
but that of N was positive and highly significant in respect of
grain, straw and total dry matter. However, there was also a strong
NxP interacticn (Table 3.1.13). Yields of grain and straw responded
to N much more strongly in the presence of applied P.

These values are means across the five management treatments;
but there were alsc significant differences between management
treatments in straw (and total dry matter} yield and significant
interactions between management and N-fertilizer rate. Straw yields

Table 3.1.13. Tillage and barley residue management trial, Breda:
interaction between applied fertilizer N and P on yield of barley in
barley-barley rotation

Grain Straw
P - o= Y
kg N/ha +P o} +P o]

JkKx *

0 0.69 0.68 1.20 1.33
20 0.87 .94 1.64 1.41
40 1.02 0.80 1.91 1.58
SE of mean +0.034 +0.,077

CV's of subplots: grain, 12.9%; straw, 16.2%

were significantly lower in the two zero~till treatments, although
grain yields were unaffected (in fact, the treatment, Ne 5, in which
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the crop had been drilled directly into the previous season's straw
and stubble gave, non-significantly, the highest grain yield)
(Figure 3.1.4). Responses to 40 kg N/ha (over zero-N control)
ranged from only 0.32 and 0.20 t dry matter/ha in treatments 1 and
4, respectively, to 0.79, 1.09 and 1.14 t/ha in treatments 2, 3 and
5.

Total dry matter
t/ha (SE of mean,

+0.108) 2.34 2.49 2.71 2.04 2.15
Harvest index,% 32.1 31.3 30.6 40.2 46.0
2.0,
N
1.54 § § §
NN
t/ha 1.0 N N N
N
0.5 § \ \
MR
0.0 \\\
Management: 1 2 3 4 5
@ Straw Remove Remove Remove Remove  Remove
@ Stubble Graze Leave Graze leave Leave

Tillage time October  October June - -

@ Residues of previous year's barley crop

Straw

Grain

Figure 3.1.4 Tillage and barley residue management trial at Breda:
effect of management treatments on barley grain and straw
production, 1990/91 (SE's of means: grain, 0.06 t/ha; straw, 0.09
t/ha)
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3.1.3.3 Yields of Barley in B-V Rotation

Uniform P-fertilizer was applied in this phase, and the experimental
factors were (i) the three rates of topdressed N-fertilizer; and
(ii) the tillage component (only) of the five management treatments.

Mean yields were almost identical with those in the fertilized
phase of the B-B rotation {(grain, 0.86 t/ha in both cases; straw,
1.58 t/ha in B-B rotation, 1.55 t/ha in B-V rotation). However,
there was no significant response to N-fertilizer; compared with
those in B-B rotation, yields were slightly higher in the N,
treatment, slightly lower in the N, treatment. Responses to tillage
treatment were similar to those in the B-B rotation, with
significantly lower straw production (but higher harvest indices)
following direct-drill (zero-till) planting (Table 3.1.14).

Table 3.1.14. Tillage and barley residue management trial, Breda:
effect of management treatments on yields of barley and vetch hay in
the B-V rotation

Treatment Ne: 1 2 3 4 5
Tillage time: October Octcber June - - Signif. SE of
mean
Barley, t/ha
Grain 0.81 0.82 0.87 0.88 0.91 ns 10.067
Straw 1.87 1.52 1.90 1.33 1.14 *xk 10.064
TDM 2.68 2.34 2.77 2.21 2.05 ok 10.090
Harvest index 30.3 35.0 31.3 40.0 44.3

Vetch hay, t/ba 1.40 1.35 1.53 1.51 1.83 * +0,080
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3.1.3.4 Yields of Vetch Hay inh B-V Rotation

Vetch followed the full range of barley residue and tillage
management treatments. The significant difference between these
treatments that shows up in the hay yields (Table 3.1.14) arises
mainly from Ne 5 (retain hay and stubble; zero tillage). This
treatment yielded 0.38 t/ha (26%) more hay dry matter than the mean
of the other four treatments.

3.1.3.5 Discussion

The gesulf.c. presented here are from one year only and must be
regarded with caution. However, the main focus of the trial is on
the barley residue and tillage management treatments, and it is
interestirng that significant differences have emerged between these
treatments so soon. There were scme indicaticns that June tillage
(trt. 3) had led to higher yields of barley and vetch than Octcber
tillage (trts 1 and 2), but these differences were not significant.
However, between tillage (at either time) and =zero-tillage,
differences —— for barley straw consistently across both rotations -
- were significant. It appears that barley crops in zero~till
treatments produced less dry matter but egqualled (or exceeded) the
grain yields of the tilled treatments through a larger harvest
index. For the vetch crop, the pattern of dry matter production was
reversed: one (but only one) zero-till treatment significantly
outyielded the rest.

No interpretation of these findings can yet be offered.
Measurements of soil water are made in selected management
treatments, viz n? 1, 2 and 5, at the middle level of N fertilizer
application. Differences in storage between treatments where the
residues are fully used cor fully retained (Figure 3.1.5) were
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Figure 3.1.5 Soil water storage under tillage/residue treatments 1
and 5, in continuous barley (left) and vetch (right)

consistent in this first vear. However, they appear to be too small
to explain the differences in production noted above. It is
expected that much more time will be required before significant

changes occur.

3.2 Water Management

The second major resource that FRMP is concerned with is water. In
the past, the main research focus has been on supplemental
irrigation —— applying small amounts of water to increase and
stabilize the yields of basically rainfed crops. This work will
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continue, but at the same time new initiatives will be undertaken in
the field of water harvesting. Here we review briefly the current
position in both fields.

3.2.1 Supplemental Irrjgation
T. Oweis
3.2.1.1 Summary of Previous Research and Activities

Rainfall characteristics (amount, frequency and intensity) are
rarely optimal for rainfed crop growth. In consequence, yields are
often low, and variation between years is large. Some of the risk
and variation irnherent in these conditions can be alleviated by
supplemental irrigation, which provides needed moisture when the

weather fails.

To explore the potential of SI to improve and stabilize wheat
preduction, a collaborative program was initiated in 1985/86 between
ICARDA and the Syrian Ministry of Agriculture and Agrarian Reform
(MARR). It included diagnostic and impact surveys, basic research
at Tel Hadya and MAAR stations and field demonstrations on farmers'
fields.

The research locked at the effect of different rates of SI on
wheat vyield, varietal effects and interactions with nitrogen
fertilization. In summary, the results showed:

a) At Tel Hadya, SI was needed every year, even when total
rainfall reached 500 mm, but the number of irrigations and the
amount required varied considerably from year to year. A

total of 60 mm in one or two irrigations was sufficient in a

wet year, but as much as 180 mm in 3-4 irrigations was needed
in a dry year. Rainfall distribution was crucial. More than
——

twice as much water was needed in 1985/86 as in 1986/87,
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c)

d)
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although the total rainfall was the same in both years, 315
mm. When rainfall started late, SI to initiate germination
showed great impact on yield.

Yield can be increased significantly by providing relatively
small amounts of SI at critical stages of growth. The best
example is the 1986/87 season (rainfall, 315 mm) when wheat
grain yield was increased from 1.78 t/ha to 5.35 t/ha by just
two irrigations: 20 mm to initiate germination, followed by 40
rm in the spring. However, differences are smaller when
rainfall distribution is more even.

SI greatly improved water-use efficiency. 1In 1986/87, wheat
production increased from 0.56 kg grain/m of water under
rainfed conditions to 5.95 kg/w’ with supplemental irrigation.
The economics of SI depend largely on the cost of irrigation
and the price of wheat. However, under the Syrian corditions,
SI economics were very favorable even when pumped groundwater
was used.

In field demonstrations, conducted in cooperation with the
Directorate of Agricultural Extension since 1988/89, the mean
wheat yield for 5 sites was increased from less than 6.8 t/ha
under rainfed corditions to over 4.8 t/ha with SI, with
respective coefficients of variation reduced from over 100% to
only 10%. Supplying 50% of the theoretical water balance at
farmers' fields caused only 10% reductien in yield. But
farwers showed a tendency to overirrigate. In some cases they
applied more than 300% of the required amcunt to get yields

22% lower than those of the research trials.

3.2.1.2 Major SI Research Issues in WANA Reqgion

The research done so far has demonstrated the technical and
economical feasibility of SI. It has also laid the groundwork for

further studies aimed at optimizing this practice.
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Scheduling SI (when to irrigate and how much water to apply)
for optimal results continues to be a high research priocrity. The
main problem lies in the unavoidable dependence of scheduling on
rainfall which is jtself highly variable. It is important not only
to develop optimal schedules but also to make such schedules simple
and practical enough for ordinary farmers to apply. Current
scheduling techniques on demonstraticn farms depend on the daily
measurement of class A pan evaporation ard rainfall. Calculations
of water balance are needed before decisions on whether to irrigate
and how much to apply can be taken. Evaluation of this technique in
terms of farmers adaptability and acceptability are needed.
Possible simplifications and/or alternative methods may then prove
to be necessary. Alternative methods include the evaluation of soil
moisture content and irrigating at sensitive stages of growth.

Previcus research was largely on wheat, but relatively few
varieties were tested. Ideally, a wide range of varieties should be
tested for response to SI, including those that perform well under
irrigated conditions. Screening across a range of water management
alternatives should perhaps become a regular part of the varietal
selection process. Other crops also have good potential under SI.
Some work has been done on barley, lentil and, recently, sunflower,
but these crops and chickpeas need further attention.

The profitability of SI depends strongly on the available

water resource. Conventional cheap water resources are often

reserved for fully irrigated agriculture. Rainfed areas usually
have limited, costly ard sometimes lower—quality water.
Groundwater, water harvesting, springs and effluent water are the
most common sources. Due te the unique water supply schedule
required by SI, the development and management of these resocurces is
different from those for full irrigation and requires more research
attention.
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Further, conventional irrigation systems used for full
irrigation are often unsuitable for SI, both technically and
economically. Permanent irrigation systems are designed to be
operated continuously to justify the investment cost, but under SI
the only cccasional use may make such systems uneconomic. Low-cost
systems with high flexibility and mobility need to be developed in
parallel with optimal SI management.

All ICARDA's initial work on SI was conducted in Syria; but,
more recently, collaboration has been established with Libyan
scientists and a new program started in Jordan. However, a better
understanding of the SI concept needs to be extended to cther WANA
countries, and collaborative research programs set up in areas of
appropriate potential. Ultimately, those should provide enough data
from different environmental conditions to enable us to assemble and
verify a comprehensive SI package (model) to be used by national
programs to determine optimal management strategies for their
prevailing farming conditions.

3.2.2 Water Harvesting
T. Oweis
3.2.2.1 Introduction

The term "water harvesting" covers a range of activities by which
rainfall runoff is collected and/or concentrated for improved
cropping, livestock watering and domestic use. It has most
significant application in drier areas where rain events are
sporadic and unpredictable. Water harvesting has been widely
practised for thousards of years for both domestic and agricultural
purposes, not least in WANA countries, where evidence of many
different water harvesting techniques can still be found. Indeed,
some old systems are still in use. These old techniques are now
receiving more world attention, as the intensifying demand for food
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increases the need to make bketter agricultural use of lower
potential areas.

Deperding on local corditions, water can be collected from
runoff that is either natural cor enhanced by various land-surface
treatments. Collected water can either be stored in the soil
profile for direct crop use or in reservoirs, to be used later for
irrigation. Concentrating rainwater on to part of the land makes
reliable agricultural production possible where it would otherwise
not be, improving the efficiency of use of both water and land.

3.2.2.2 Major Issues of Water Harvesting Research in WANA Region

Some ancient water-harvesting systems still survive in certain WANA
countries like Libya and Yemen. Others are variously recorded in
the literature. Almost certainly, the development of modern systems
could benefit from a study reviewing the experience and knowledge of
indigenous, regional water-harvesting systems, past and present.

From other parts of the world, substantial research is on
record concerning water-harvesting technicques, rainfall and runoff
characteristics, runoff promotion and the area ratios needed between
catchment and target fields; but transferability has not been
tested. Such issues set the priorities for future research, which
will need to be a mix of adaptive and some basic research, depending
on local circumstances.

Most existing water-harvesting systems and trials show
increases in crop yields; but those increases do not always meet the
high expectations often placed in water-harvesting. Only "moderate"
improvements in yield have disappointed some arid-land researchers.
However, the point here is that water stress is not the only
limitation to yield improvement. Unfavorable soil characteristics,
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temperatures and other factors may greatly impede response to
improved moisture conditions. For example, crust formation is a
major limitation both to crop germination and to the infiltration of
harvested water in the Jordan steppe. Research must therefore
integrate water harvesting with other factors in the farming system.

Human factors are also important. Even successful
demonstrations of water-harvesting techniques do not always induce
adoption by farmers. Reasons may include lack of training,
ineffective extension and the fact that these techniques are strarge
to the area. Research needs to include studies of farmer needs and
perceptions as they relate to water-harvesting.

3.2.2.3 Previous Work and Research Priorities

Although research and technology transfer programs for water-
harvesting are only now being started at ICARDA base, there has
already been some recent progress elsewhere in the region. Prcbably
the most important is the collaborative development of "Kushkaba"
systems with AZRI in Quetta, Pakistan. oOn-farm water harvesting
with catchment:target area ratios of 1:1, 2:1 and 3:1 have been
tested for wheat and barley production. Results from three seasons
seem encouraging.

A preliminary cooperative survey with the national program,
which assessed the potential for developing water harvesting systems
in the northwest coastal area of Egypt, has yet to be followed up;
but more recently, a program to establish a water harvesting-
supplerental irrigation pilot farm has been initiated with Jordan.
Potential collaboration with other WANA countries is being sought.
In addition, it is planned to select a permanent site for water-
harvesting research and training which might serve all WANA
countries. Research will focus on testing and transferring water
harvesting technigues to appropriate areas and farmers.
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3.3 Phosphate Studies

Phosphate deficiency is the nutritional factor most limiting crop
production over the drier parts of the WANA region. Yields can
often be substantially increased by phosphate fertilization; but
fertilizers are costly, and percentage utilization of the applied
nutrient is low. This inefficiency is a consequence of the complex
chemistry of phosphate in calcareous soils. To develop strategies
to improve the efficiency of soil and fertilizer phosphate
utilization, a better understanding of the predominant chemical
processes is required. The following section reports studies with
this aim.

3.3.1 Availability of Fhosphate Applied to Calcareous Seoils
of West Asia and North Africa’
J. Torrent (Cordoba University), E. Afif (graduate
student) and A. Matar (FRMP)

3.3.1.1 Introduction

Owing to surface adscorption and precipitation processes, not all the
fertilizer phosphate applied to soils is available to plants. In
calcareous soils, abundant in arid and semiarid areas, precipitation
of highly inscluble Ca phosphates is supposed to be a major factor
in the time-loss of P availability. In support of this contention,
the fertilizer P availability index (AT}, measured as the ratic of
Olsen-P or labile (resin) P to applied P, applied, was fourd toc be
negatively correlated to CalQ, content for a group of 20 calcarecus
soils of the continental U.S. (Sharpley et al. 1984). For another
group of 23 calcareous seoils of several countries, Sharpley et al.
(1989) defined AT as the ratio between Olsen P and applied P, ard

* This work is part of a joint project between ICARDA and
Universidad de Cérdoba (Spain)

-_—
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found that the decrease in AI between 30 and 180 d after P
application also correlated to CaCQ, content. In contrast, for six
calcareous soils of Lebanon, Ryan et al. (1985b) found that the AT
was unrelated to total or "active" CaCC, (Drouineau 1942) content but

related to the amount of Fe oxides. This pessible influence of the
Fe oxides on the availability of P applied to calcarecus soils
merits further attention; these minerals appear to be the most
active P sorbents in the calcarecus s¢ils of the Mediterranean
region (Solis and Torrent 1989; Pefia and Torrent 1990).

The objective of this study was to investigate how P
availability was related to soil composition, to time after P
application, and to P application rate for a group of calcarecus
WANA soils. These soils ranged widely in their contents of CaCy,,
Fe oxides and other soil components believed to influence P
availability.

The 19 samples used were collected from the surface (0-20 cm)
horizons of Fntisols, Inceptisols, Alfisols, Aridisols, Mollisols
and Vertiscls of several important agricultural areas in Jordan,
Syria, Tunis and Pakistan. These samples were analyzed for particle
size distribution, organic carbon and pH in water (soil:solution
ratio 1:2); for cation exchange capacity (CEC), CaC0, egquivalent
(CCE} and "active" CaQQ; eguivalent (ACCE) (Drouineau 1942); and for
citrate-bicarbonate-dithionite and oxalate-extractable Fe (Fe, and
Fe,}. Results are sumarized in Table 3.3.1.

Phosphate sorption curves were determined by the method of Fox
and Kamprath (1970) for the 0-3 mg P/1 equilibrium concentration
range. The sorption data were fitted to the Freundlich eguation
expressed as X = Ac®, where X is the amount of P sorbed, c is the
concentration of P in the equilibrium solution and A and b are
constants. In the calculations, native sorbed P, measured by the
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anion-exchange resin method of Sibbesen (1978), was included.

Three incubation experiments were carried out. In Experiment
1, phosphate (as Ca(HP0Q,),.H0, MCP) was added to 100 g subsamples of
soils that bad been previously depleted in P by cropping them to
wheat in shallow trays until Olsen P values were < 3 mg/Kg.
Addition rates were 20, 40, 100, 200, 300, 400 and 500 mg P/kg soil.
For the 20 and 40 mg/kg rates, MCP was dissolved in the amount of
water needed to bring the 100 g soil to field capacity, and, for the
cther addition rates, powdered MCP was thoroughly mixed with the
soil before adding water to field capacity. Incubation (in pots)
was carried out at 22 + 1°C for 240 d, the so0il being rewetted to
field capacity every second day. Every 30 d, subsamples were taken
and air dried before analysis.

In Experiments 2 and 3, subsamples of the so0ils previcusly
depleted in P were treated in the following ways: (i) MCP was added
to the soil at a rate of 20 mg P/kg, and the soil was incubated at
field capacity for 30 @ and finally dried (Experiment 2); and (ii)
MCP was added to the soil at a rate of 40 mg P/kg, and the soil was
placed in pots, cropped to wheat for 60 d, and, finally, separated
from the roots and dried (Experiment 3). Then, for both
experiments, soil samples were incubated for 90 d wder five
different treatments: (i) dry-stored (control); (ii), (iii), (iv),
and (V) soils brought to field capacity and rewetted every 45, 22,
15, and 1 4, respectively. Treatments (i) and (v) were carried out
at 22 + 1°C under normal room conditions, and treatwents (ii),
(iii), ard (iv) in an oven with circulating air at 27 * 1°C and 98%
relative humidity (by equilibration with a solution of 0.5 M NaCl).

A1l incubation experiments were carried out in duplicate.
Incubated samples were analyzed for Olsen P, and the P content of
all solutions was analyzed (Table 3.3.2).



Table 3.3.2 Changes in Olsen P values of soils pretreated in different ways' and

incubated for 90 d under different moisture regimes

Experiment 3

Experiment 2

capacity every

Soil brought to field

S0il brought to field
capacity every

Soil

Scil

45d 22d 15d 1d dry 45d 22d 15 d 1d

dry

Soil

mg /K

20.0
24.3

18.6 17.7 17.9

18.6

7.8
7.2

8.2

Sarihe

21.8 22.6 24.2

24.6

7.6
6.1
10.6

25.0
18.0

23.0 22.2 22.2

23.6

6.1
9.7
6.2
9.4
5.8
7.2
6.4

Bichra

18.8 16.1 16.0

18.0

Birg-el-Amri
Haocuaria
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17.2
17.4

16.4 15.8 14.7

17.5

6.4
8.5
5.2

6.7

6.7
10.3

Pakistan

17.6  15.7 14.8

16.2

9.2
5.9
7.3

9.4
6.7
7.5

14.4 13.7 13.8 15.2

14.9

5.7

Ezraa

Breda

20.4 18.3 17.2 19.9

20.4

6.7
6.9

5.4

7.5
7.7

17.2 16.1 15.8 18.0

18.0

6.2

Tel Hadya

Jindiress

Ragga

21.0

18.9
12.7

20.1 18.6

21.0

5.5
7.9

6.7

5.2
7.4

6.0
9.1
5.1
7.2
5.2

13.7

13.5 12.3

16.5

7.1
5.3
6.2

5.4

10.0 9.2 10.4 10.8
13.9

11.7

5.7
6.6

5.2

El Haffeh

15.2

14.4

15.3

14.0

6.1
5.3

11.2 11.0 10.6 12.1

11.9

5.0
5.7

5.4

5.4

Tel Kallahk
Blass

19.7 18.6 19.4 21.8

21.8

5.7

5.6

6.3

25.7 25.5 23.4 24.9

25.5

8.2

5.0
8.3

Tel Zegram

El Jayed
El Josi

16.7 14.1 14.2 15.5

15.4

8.3

7.8

13.9 13.5 14.1
15.9

15.2

12.5

B.3
8.4

9.2

El Kabir

17.6

15.3

18.0

16.9

7.2

8.¢

T Experiment 2: Soil resulting from a P-exhaustion process was fertilized with 20 mg P/kg and incubated
for 30 d at field capacity before the incubation experiment;

as Experiment 2 but soil was fertilized with 40 mg P/kg and cropped to wheat for 60 d

before incubation.

BExperiment 3



78

3.3.1.2 Phosphate Sorptioh Properties

The constant A of the Freundlich eguation, i.e. the amount of P
sorbed at an equilibrium concentration of 1 mg P/1, ranged between
49 and 578 mg P/kg soil (Table 3.3.1). The exponent of that
equation ranged between 0.33 and 0.53, i.e. the curvature of the
sorption curve did not differ widely between samples. From the
fitted Freundlich equation, the amount of P sorbed at an equilibrium
concentration of 0.2 mg P/1 (F;,) was calculated (detailed values not
shown) and taken as the index of the P sorption capacity, as this
concentration represents an adeguate "external" P recuirement for
most field crops. From the properties listed in Table 3.3.1, P, was
significantly correlated to Fg; (r = 0.86™), Fe, (r = 0.787) and
clay (r = 0.48). These results are compatible with the
aforementioned dominant role of Fe oxides in the P sorption by
calcarecus soils of the Mediterranean region. Inasmuch as in most
soils the Fe/Fe; ratio (which is considered as a measure of the
ratic of poorly crystalline to crystalline Fe oxides) is low (<
0.15), it is possible to conclude that the crystalline Fe oxides are
the ones quantitatively important in P sorption. According to this,
the relationship between F,, and Fe, in these soils is not causal but
the simple result of the high covariance existing between Fe, and Fe,
{r = 0.817).

3.3.1.3 Availability of the P Added

The ratio between the increase in Olsen P and the P applied to the
soil as MCP was chosen as the availability index (AI). The
rationale for this choice lies in the known fact that Olsen P
correlates well with the amount of soil P available to plants. In
addition, soil test calibration for WANA is based on this soil test
(Matar and Ryan 1990).
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In the first incubation experiment, the absclute values and
patterns of change with time and P addition level differed widely
between soils, as illustrated by four soils (Figure 3.3.1). For all
soils and addition levels, AI decreased with time, as is commonly
ohserved. The rate of decrease of AI with time deperded on the P
addition level. At low (20 and 40 mg P/kg soil) levels, Al
underwent relatively little change after 60 d, as exemplified by the
soils in Figure 3.3.1. The AT 180 d after on addition of 20 mg P/kg
(Table 3.3.3) ranged between 0.147 and 0.424 and was negatively

Birg-el-Amir
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Figure 3.3.1 Smoothed block diagrams showing the
availability index (ratio between the increase in
Olsen P and P applied) in four scils as a function
of amount of P applied and time after P application
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Table 3.3.3 Selected availability indices' of applied P

Amount of P added and time

500 mg/kg
20 my/kg
Scil 180 @ 30d 120 4 240 d
Husn 0.294 0.504 0.321 0.329
Sarihe 0.316 0.435 0.273 0.251
Bichra 0.256 0.549 0.364 0.238
Birg-el-Amri 0.403 0.717 0.501 0.237
RBaouaria 0.420 0.655 0.620 0.490
Pakistan 0.424 0.496 0.269 0.141
Ezraa 0.237 0.484 0.386 0.375
Breda 0.297 0.496 0.444 0.421
Tel Hadya 0.305 0.351 0.215 0.182
Jindiress 0.282 0.375 0.296 0.249
Ragga 0.359 0.705 0.465 0.218
El Haffeh 0.147 0.512 0.342 0.433
Bassa 0.249 0.240 0.160 0.110
Tel Kallahk 0.168 0.374 0.342 0.306
Blass 0.266 0.365 0.201 0.180
Tel Zegram 0.349 0.609 0.311 0.264
El Jayed 0.290 0.558 0.542 0.499
El Josieh 0.364 0.330 0.236 0.173
El Kabir 0.320 0.446 0.201 0.178

t Availability index = ratio between the increase in
Olsen P and the amount of P applied

correlated to Fe; and Fe, but not to measures of CaC), (Table 3.3.4,
Figure 3.3.2). At the highest addition level (500 mg P/kg): (i) the
decrease of the AT with time was markedly greater than at low
addition levels (Figure 3.3.1, Table 3.3.3), and (ii) the AT was, at
nearly all times, significantly ( and negatively) correlated to CCE
but not to other soil properties (except for organic matter at 240
d). Figure 3.3.3 shows the AT-CCE regression for 240 4 of
incubation.

It seems that the soil properties influencing AT differ
between high and low rates of P addition. At low addition rates, AT
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Figure 3.3.2 Availability index 180 d
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Table 3.3.4 Correlation coefficients between selected
availability indices and soil properties.

Availability index for

500 mg/kg
20 mg/kg
Soil property' 180 d 04 120 d 240 &
Clay -0.45 -0.01 0.04 0.41
Organic matter  -0.09 0.19 0.35 0.54
pH 0.59" 0.15 -0.09 -0.38
CEC -0.51" -0.15 0.04 0.34
CCE 0.24 -0.41 -0.57" -0.53°
ACCE 0.22 -0.21 -0.37 -0.27
Fe, -0.66" -0.11 0.07 0.39
Fe, -0.69" -0.11 0.04 0.33

t+ Abbreviations as in Table 3,3.1.

At high rates P addition, the scil soluticn becomes much more
highly supersaturated with respect to insoluble Ca phosphates, and
so precipitation can take place more easily than at low rates of
addition. Since precipitation of Ca phosphates in calcarecus
systems seems to proceed from the initial phosphate adsorption and
crystal nucleation on the CaCo; surfaces, the amount and reactivity
of the CaCC, in the system must influence the availability of the
applied P. This explains the negative correlation between AT and
CCE.

The lack of correlation between AI and Fe oxides at high P
addition rates does not necessarily imply that Fe oxides are not
active in retaining the adsorbed P against bicarbonate extraction.
It may simply result from the "dilution" of true adsorpticn by the
quantitatively more important precipitation processes.
Consequently, one would expect ATl to be correlated to Fe; only for
populations of calcareous soils with high Fe,/CCE ratios.
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The present results contradict several field and lakoratory
studies in which linear relationships were reported between
extractable P and amount of P added {i.e. Al was similar at
different P addition levels). But much depends on the choice of
experimental conditions in the laboratory incubation experiments.
One would expect incubation data for high (10°-10° mg/kg) P
application levels to match field conditions, since high phosphate
concentrations occcur in the vicinity of granules, powder or droplets
of liquid fertilizer. This conclusion may not be in toto true if
high phosphate concentrations near the point of P application do not
result in rapid precipitation of Ca phosphate, and phosphate can
diffuse to high affinity adsorption sites within a relatively large
soil wvolume. Then, the AT would be better predicted by an
incubation at low P addition level. 1In long-~term field studies
carried ocut in the Breda, Tel Hadya and Jindiress soils described in
this work (Matar 1990, Matar et al. 1991), the AI appeared to
increase in the order Jindiress < Tel Hadya-Breda. This matches
better the relative order of the AT wvalues at low than at high
addition levels (Tables 3.3.3)

In summary, this study stresses the difficulties involved in
predicting the availability of fertilizer P applied to calcareous
soils. The loss of availability is related to the nature of the
processes of adsorption and precipitation, but the relative
importance of these processes appears to be a complex function of
the soil composition (in particular of the amount and reactivity of
CcaCto, and Fe oxides), P addition level and time after P addition.
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3.4 S0il and Crop Nitrogen

As concerns for sustainability build up, the interest in nitrogen
sharpens. Fixation by legumes is a major area of interest, and the
contributions lequmes may make, within rotations, to subsequent crop
nutrition and the longer-term nitrogen and organic matter status of
the soil is covered in a later section (3.5); but where available N
from soil and lequme is insufficient for optimal growth, the focus
is on fertilizer and its efficient use. The three short reports
grouped here are concerned with nitrogen fertilizer efficiency, its
interaction with the external moisture supply and its effect of
cereal grain quality.
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3.4.1 Responses of Wheat Genotypes to Nitrogen Fertilizer
In Two Contrasting Enviromments
M. Pala and A. Matar (FRMF),
M. Nachit and G.O. Ferrara (CP)

3.4.1.1 Introduction

Differences between genotypes in their response to N-fertilizer may
be associated with their growth characteristics as well as with
environmental and management factors. Higher yield potential may in
itself lead to greater response to N and greater efficiency in terms
of yield per unit of applied N at all levels. However, this is not
necessarily the case because of "cross—over!" responses under some
circumstances (Anderson 1985b) .

Varietal differences in winter cereal response to applied N
have been demonstrated under a wide range of conditions (Pala et al.
1978; Krentos and Orphanos 1979; Anderson 1985a). Differences have
been found mainly between tall, unimproved or landrace varieties
{nonresponsive) and short, improved or high-yielding varieties
{responsive) and are largely attributable to the ability of dwarf or
semi-dwarf varieties to utilize higher N rates under gocd growing
conditions without lodging.

Varietal differences in response to applied N can have
considerable econcmic significance (Anderson 1585a). Varieties
yielding relatively well without fertilizer can be useful in
situations where the addition of N is risky due to unreliable
weather, or where resources do not allow its use. Varieties that
respond strongly to applied N can be useful in more favorable
envirconments and where resources for fertilizer and other inputs are
not a constraint. However, yield response to N is of little value
if it is achieved at the expense of grain quality or, in low
fertility situations, at the expense of declining soil fertility. De
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Wit et al. (1979) considered that a higher efficiency of N use can
be achieved only by increasing the grain to straw ratio or by
breeding varieties with a lower minimun N content, especially in the
grain.

The present work aimed to assess various durum and bread wheat
genoctypes for economic efficiency in N-fertilizer use and for seed
guality at different N-fertilizer rates, under different
envirormental conditions.

3.4.1.2 Experimental Procedure

Combinations of 25 durum wheat genotypes (different set for each
year) with 4 rates of N fertilizer (0, 30, 60 and 90 kg N/ha) and of
5 bread wheat genotypes with 5 rates of N fertilizer (0, 30, 60, 90
and 120 kg N/ha) were sown in two contrasting rainfall environments
in the 1989/90 and 1990/91 seasons. Genotypes were factorially
arranged within the split plots of N application in 2 replicates
(plot size was 1.5m X 5m).

Soil mineral-N (ammonium plus nitrate) was measured on a
composite sample (0-60 cm in 20 c¢m increments) taken from 6 profiles
within each experiment area at planting time. Initial values (0-60
cm) were 12.0 and 7.5 ppm at Tel Hadya, 6.6 and 10.0 ppm at
Jindiress, for the 1989/90 and 1990/91 seasons, respectively.

3.4.1.3 Results and Discussion

1989/90 Season: The season was extremely dry at both sites with
seasonal rainfall totals of 233 mm at Tel Hadya and 332 mm at
Jindiress. These values are, respectively, akbout 100 mm and 150 mm
lower than the long-term averages. The distribution of the
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rainfall, which is often more important than the total, was
irregular, with 88% and 95% falling in the period, October to
February, at Tel Hadya and Jindiress, respectively. This situation
was reflected in crop performance and response to applied N.

a) Durum Wheat: Yields and yield parameters are summarized in
Tables 3.4.1 ard 3.4.2. In general, yields were much higher at
Jindiress than at Tel Hadya, where the season was very marginal. No
interactions between genotype and applied N were found at either
site. All comperisons are therefore based on the mean values for
genotypes and for N rates. Significant genotype differences were
recorded for all the yield parameters at both sites. Om Rabi 5, DRL
13, DRL 4, DRL 15, Cham 6 (bread wheat ag check) and Gezira 17 were
the first six genotypes at Jindiress, and Cham 6, Gezira 17, Om Rabi
5, Om Rabi 3, DRL 15 ard DRL 8 were the first six under the very dry
Tel Hadva conditicns. ¢Cham 3 was unexpectedly low in yield ranking
at the drier site but higher in the more favorable environment.

Grain protein percentages were lower at Jindiress (9.6 to
13.1; SE=0.3) than at Tel Hadya {13.9 to 17.0; SE=0.3). This may be
attributed to a "dilution" of N in the grain where the yield was
higher. Total N uptake was greater at Tel Hadya, despite low yield
levels, and gave rise to higher N concentrations in grain and straw.
Vitreousness is also important in marketing. However, vitreousness
above 80%, as was found for most genotypes, is usually an acceptable
value.

Grain yield positively and significantly responded (5% level)
to applied N at Jindiress, where more favorable weather conditions
prevailed, but the response was negative (10% level) under the drier
Tel Hadva corditions (Table 3.4.2). However, straw yvield did not
respond to N significantly, although the trend was positive at both
sites. Grain protein (%) responded positively to increasing rates
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of N, with higher values in the drier environment. 'The same was
true for the protein percentages in the straw. And total N uptake
increased with increasing rate of N-fertilizer. Vitreousness was
unaffected by N at Tel Hadya but was very low and low, respectively,
at zero and 30 kg N/ha rates at Jindiress.

b) Bread Wheat: Yield and yield parameter data are summarized
in Table 3.4.3. Again, since there were no significant
interactions, comparisons are made simply between genotypes and
between N rates. Genotypes showed significant differences in most
parameters at both sites. As with durum wheat, yield and 1000-grain
weight were higher under the more favorable conditions of Jindiress.
Cham 6 and Cham 4 gave most grain at both sites, irrespective of the
envirommental differences. That is quite promising for the
adaptability of these genotypes to drier conditions.

Grain yield was decreased significantly by applied N at Tel
Hadya but increased significantly (up to the rate of 60 kg N/ha) at
Jindiress. Grain protein content responded positively to N at both
sites; but again values were lower under higher moisture conditions,
particularly where little N was applied. Grain protein contents (%)
were in the ranges, 10.2 to 12.4 (SE=0.2) at Jindiress and 12.8 to
15.1 (SE=0.3) at Tel Hadya.

1990/1991 Season: The seascon was near the average at both sites,
with rainfall of 290 mm at Tel Hadya and 438 mm at Jindiress.
However, rainfall distribution was unfavorable at Tel Hadya; in
particular, there was a long dry spell after the crop had emerged
following 19 mm in November. To save the crop, 30 mm of additional
water was applied by sprinkler. Distrilution of rainfall was not a
problem at Jindiress, but the crop did not use the favorable weather
conditions effectively. This was probably because of preceding
sunflower in the rotation or a waterlogging problem, due to the
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lower infiltration rate at Jindiress. Another problem was the hot
winds at the anthesis stage in mid-April, which made scme of the
spikelets sterile.

a) Durum Wheat: As before, there were no significant
interactions between genotype and applied N. Apart from straw yield
at Jindiress, all parameters showed a significant genotype effect
(Table 3.4.4). Between sites, the rainfall difference had less
effect on the general levels of grain and straw yield than might
have been expected, perhaps because the 30 mm irrigation gave the
emerged but stressed crop at Tel Hadya a substantial boost. The
higher straw yield at Tel Hadya was possibly due to this additional
water. The Jirdiress crop was, however, weaker than that at Tel
Hadya, probably due to the hot winds at anthesis. The higher 1000~
grain weights at Jindiress may be explained by a better utilization
of the heavier late rains at that site.

DRM 11, Gallerata, DRM 9, Om Rabi 3, Cham 3 and DRM 2 were the
highest-yielding six genotypes at Jindiress, and Om Rabi 5, DRM 11,
Oom Rabi 3, Lahn, DRM 13 ard Cham 3 at Tel Hadya -- with Om Rabi 3,
Cham 3 and DRM 11 common to both sites.

The pattern of protein percentages was similar te that of the
previous season ranging between 10.1 and 12.7 {SE=0.5) at Jirdiress
and 15.6 and 17.8 (SE=0.7) at Tel Hadya. Total N-uptake was greater
at Tel Hadya, with higher N contents in grain and straw.
Vitreousness was much higher under the drier environment at Tel
Hadya, probably reflecting the higher accumulation of N in the

grain.

Grain response to applied N was not significant at either
site, but straw yield increased significantly with increasing N
{(Table 3.4.5}. At both sites, 1000-grain weights responded
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negatively and significantly to N, probably because the fertilizer
and sufficient winter rainfall encouraged early vegetative growth,
vwhile the grain-filling period was dry. Grain and straw protein
contents (%) showed a similar pattern to that of the 1989/90 season.
Vitreousness was not affected by N-rate at Tel Hadya but was reduced

at low rates of N at Jindiress, as in the previcus season.

b) Bread Wheat: There were no significant genctype
differences at Jindiress, but most yield parameters at Tel Hadya
showed a significant genctype difference (Table 3.4.6). Protein
percentages were similar to those of the durum wheats, 10.6 and 11.1
at Jirndiress, 14.0 and 15.7 at Tel Hadya.

Grain yield responded negatively and significantly to applied
N at Tel Hadya, probably because of late drought. Grain protein
contents (%) were again low at lower rates of applied N under the
wetter conditions at Jindiress (Table 3.4,6).

3.4.1.4 Conclusion

The data show that genotypes respond differently in yield as well as
in yield and guality parameters under different environmental
conditions. The lack of any significant genctype x N interactions
encouraged us to use agronomic efficiency (grain yield/N applied),
utilization efficiency (grain yield/total N uptake) and uptake
efficiency (total N uptake/N applied) as a means of conparing
genotypes.

The high positive correlation (r=0.97%*) ketween uptake and
agronomic efficiency in all experiments (data are not given)
suggests that agronomic efficiency is more closely associated with
root and soil factors than with factors influencing N utilization
within the plant (Anderscn 1985b). This correlation supports the
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contention of De Wit et al. (1979} that there is more scope for
increasing agronomic efficiency through increasing uptake efficiency
than through increasing utilization efficiency (r=-0.18 between
agronomic and utilization efficiencies).

It may ke inappropriate, however, to increase uptake
efficiency in areas of low fertility where farmers either cannct
afford N fertilizer or where it is unavailable. Varieties with high
utilization efficiency may be useful in such cases, even if this is
achieved at the expense of a lower grain protein percentage. For
durum wheat, utilization efficiency was significantly and negatively
correlated with grain protein percentage in all four experimental
situations (Figure 3.4.1). (Bread wheat data were too few to show
a clear trend.) These results also show that increased utilization
efficiency can be achieved only at the expense of reduced grain
protein content, as Anderson (1985b) also found, However, some
genctypes clearly have higher utilization efficiencies than the
others with the same level of grain protein content (Figure 3.4.1).
They could be utilized in the crossing process to enhance N
efficiency in new wheat cultivars.
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3.4.2 Effect of Seasonal Rainfall, Fertilizaticn and Rotation
on the Nitrogen Content and N Fertilizer Use Efficiency
of Wheat
A. Matar and M. Pala

3.4.2.1 Introduction

over the four years 1986-1990, a total of 70 successful fertilizer
trials on rainfed wheat (Cham 1) were conducted jointly with the
Soils Directorate in farmers' fields across NW Syria. Sites were
selected every year to represent the main soil types used by farmers
for vwheat (chromoxererts and xerochrepts), the range of natural
fertility found in these soils and the three predominant crop
rotations -- wheat following lentil (W-L), chickpea (W-Ch) and
sumer crops (W-SC). A summary of the yield data was reported last
year (FRMP 1991).

In the area of study, wheat is grown to provide grain for
human consumption and straw for animal feed. Although nutritional
quality is partly genetically controlled, it is also greatly
influenced by weather, cultivation practices and fertilizer use. To
investigate this, the N contents of the grain and straw from all 70
trials were determined, and the effects evaluated of site factors
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(rotation, seasonal rainfall, available N-status) and N fertilizers
on N uptake, wheat quality (protein content) and N fertilizer use
efficiency.

Each trial comprised two replicates of a randomized complete
block design with four rates of N (0, 40, 80 and 120 kg N/ha)
supplied as ammonium nitrate and four rates of P (0, 20, 40 and 80
kg PQOs/ha) as triple superphosphate. Samples of harvested plants
were dried at 70°C, threshed, and the grain arnd straw separated.
Nitrogen content was determined in grain samples from all treatment
combinations and in straw samples from the four treatments, NF,,
NPy, MNPy and NPy Ground samples were digested using
concentrated H,S0, and a catalyst mixture (KSO, + 1% Se), and total
N analysed in the digest by distillation.

Rainfall was recorded at each site over the full cropping
season (October-May). Totals varied widely according to year and
site, with a mean of 363.4 wm (¥ 151.5 mm) and an extreme range,
1%3.0-907.5 mm.

3.4.2.2 Effect of Seasonal Rainfall on Wheat N %

Low rainfall is the main factor limiting the size of rainfed wheat
yields, but there tends to be an opposite effect on crop N content
(%3). In the present trials, while grain and straw yields decreased
significantly with decreasing rainfall, the N concentration in wheat
grain and straw increased significantly (Figure 3.4.2}. This
increase, similar to that previocusly reported for barley (FRMP
1991), was observed under both zero and high N fertilizer regimes
(Figure 3.4.3) and within various rotations. However, N% was
significantly lower in wheat grown after summer crops than after
lentil or chickpea (Figure 3.4.4). This may be explained by the
higher grain yields obtained after summer crops.
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Figure 3.4.2 Main effects of seasonal rainfall on yields and N% in
grain and straw taken across all 70 trials
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Figure 3.4.3 Effect of seasonal rainfall on N% in grain and straw
of wheat under zero and high N fertilizer regimes

Grain B
N120P80: N% = 3.44025 - 0.002 RN 0.29%%
NOP80: N% = 3.12994 - 0.00437 RN + 0.00000 RN  0.,38%%
Straw

N120P80: N3 = 1.84151 - 0.00458 RN + 0.00000 RN  0.55%%*
NOP80: N3 = 1.40849 - 0.00427 TN + 0.00000 RN?  0.42%*
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Ficure 3.4.4 Effect of seasonal rainfall on the N concentration (%)
in grain (GR) and straw (ST) under three different rotations [wheat-
lentil (W-L), wheat-chickpea (W/Ch) and wheat-summer crop (W/Sc)]

Rotation R
Wheat /lentil N% (GR) = —-0.00208 RN + 3.169 0.53**
N% (ST) = -0.00742 RN + 0.000007 RV + 2,199 0.78%*
Wheat /chickpea N% (GR) = —0.00467 RN + 0.000003 R¥ + 3.729 0.38%x
N% (ST) = —0.0039 RN = 0.000003 RV + 1.563 0.51*
Wheat/sumer crop  N% = -0.00164 RN + 2.1912 0.29%*%
N% = -0.0049% RN + 0.000005 RN’ + 1.590 0.67%%*

The negative effect of rainfall on wheat N% can be similarly
explained by "dilution": any factor that increases yield (e.q.
rainfall) without increasing N availability tends to reduce the crop
N concentration by diluting the available N supply within a larger
biomass. Taken across all sites, a negative relationship was
observed between grain yield and grain N%, under both zero and high
levels of N fertilization (Figure 3.4.5). This decrease in N% was
greater in the straw component than in the grain, a reflection
perhaps of more intensive translocation of N from stem and leaves to
the grain when rainfall stimalates heavy grain production.

3.4.2.3 Effect of Available-N in Soils at Sowing on Wheat N

Across all sites, values of N% for wheat grown with phosphate but
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Figure 3.4.5 Grain yield ~ N% relationships of durum wheat
(Cham 1) taken across all sites under zero and high N
fertilizer regimes

R
N120P80: N% = 3.19401 - 0.00019 GY (kg/ha) 0.34%%
NOP8Q: N% = 2.40256 - 0.00015 GY (kg/ha) D.20%%*

without nitrogen fertilization (NP, treatment) correlated positively
and significantly with the NO,-N content of the soil plow layer (0-20
cm) at planting:

% (CGrain) = 0.04211 (NO-N,,) + 1.714 R =10.32

3.4.2.4 Effect of Fertilization on Yields and N% of Grain

Nitrogen fertilizer (% at planting and % at tillering} significantly
increased grain amd straw yields (FRMP 1991). It also increased
grain N%, alleviating the negative effect of high rainfall.
Further, although grain yield increases from N-fertilization reached
a plateau at a relatively low N rate (e.g. 40 kg N/ha), the grain N%
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continued to increase up to the highest fertilizer rate (120 kg
N/ha) (Figure 3.4.€). N may continue to accumulate in the grain,

beyond the point at which the agronomic N requirement for maximum
yield have been met. However, any deliberate increase in the rate

of N intended to increase grain protein content needs to be
Jjustified in terms of an agreed quality threshold ard related

econonic considerations.

— e Grain yield

o-—-oN concentration

Grain yield (t/ha)

T
(&%)
o
N concentration (%)

T T

2 40 30

Applied N {kg/ha)

T
120

Figure 3.4.6 Main effects of rate of N fertilizer
applied on the grain yield and the N% in grain of
durum wheat (overall average of all 70 trials)

3.4.2.5 Nitrogen Fertilizer Efficiency

Crops never recover all the fertilizer N that is applied, but it is

useful to examine the effect of site factors on nitrogen fertilizer
efficiency, NFE (or fertilizer recovery percent).

measured in two ways:

NFE may be
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a) the indirect or difference method,
b) the direct or isotope recovery method, using N° labelled
fertilizer (Harmsen 1986).

The indirect method is the easiest and most available te
national program scientists in WANA region. It defines NFE as the
ratio of the amount of N fertilizer nutrient recovered by the above-
ground parts of the crop (or by the grain) to the amount of
fertilizer-N applied to the soil (NF):

NFE = Ny P-NoF
NF'

Fertilizer-N recovery is estimated as the difference in N
uptake between crops in plots fertilized (NjP) and not fertilized
(NP) with N (all else, including P-fertilizer rate, equal). The
assumption is that the uptake of soil N is the same for fertilized
and unfertilized plots.

Across sites and seasons, NFE for grain was found to be highly
related to seasonal rainfall and the amount of N applied, but not to
amcunts of mineral-M¥ or NO-N in the soil at planting:

NFE = -0.28196 + 0.002715 Q - 0,000002 Q2 - 0.001783 NF

(R = 0.46%%)
where NF is the amount of N fertilizer applied in kg N/ha and Q is
the total seasonal rainfall (mm).

Thus, 46% of NFE variability could ke accounted for by
variations in site rainfall and rates of N applied. The
relationship of NFE to rainfall is quadratic. Efficiency of
fertilizer use increased with increasing rainfall up to a maximm
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Figqure 3.4.7 Nitrogen fertilizer efficiency % by
grain as related to seasonal rainfall and level of
N applied

ard then decreased (Figure 3.4.7), perhaps as a result of leaching
under high rainfall. It also decreased with increasing rates of N
applied.
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3.4.3 Comparative Effects of Supplemental Irrigation and
Nitrogen Fertilization on the Technical Properties of
Four local and Improved Varieties of Durum Wheat'
A. Matar, A. Mikhail, and Z. Abbasi™

3.4.3.1 Introduction

In the 1930 FRMP Annual Report we discussed the effects of
supplemental irrigation and nitrogen fertilization eon the protein
content of two improved varieties of wheat (Cham 1 and Cham 4) grown
in the 1988/8% season. It was shown that measures to increase wheat
production by supplemental irrigation can decrease crop protein
content (on a % weight basis), which has implications for the
nutritive value of both grain and straw. The application of N
fertilizer at rates adequate to optimize grain producticn (% at
sowing and % at tillering) improved, but did not eliminate, the
negative effect of irrigation on protein content. Attempts to
increase wheat production through supplemental irrigation must
therefore go hand in hand with N fertilizer additions which optimize
yield and maintain, if not improve, its cquality.

Here, we evaluate the effects of supplemental irrigation and
nitrogen fertilization on the technical properties (protein % and
baking quality by the Na sedimentation test) of the grain of five
local and improved varieties of wheat, grown at Tel Hadya under
supplemental irrigation in 1989790 and 1990/91. (Full agronomic
results will be reported later.) The trials used a split-plot
design in three replicates similar to that described previously

* This work is part of a M8c thesis, for joint cooperation of
ICARDA with University of Aleppo

* % Soil Chemist (ICARRDA), Graduate student, and Associate
Professor of Soil Science (Aleppo University)
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(Matar and Perrier 1991). The main plots carried the six
supplemental irrigation treatments, I0, I1, I2, I3, I4 and I5; IO
was the rainfed treatment and the others were the irrigated
treatments replenishing 20, 40, 60, 80 and 100% of the water balance
requirement, respectively. The sub-plots carried the 15 factorial
treatments (5 varieties x 3 levels of N). The 3 rates of N were 0,
50 and 100 kg N/ha, and the five varieties tested: (local, durum W.)
Haurani and Gezira 17; and (improved) Cham 1 (durum W.), Cham 3
(Qurum W.) and Cham 4 (bread W.).

3.4.3.2 Rainfal) Conditions and N Status of Soil

Although both seasons had below-average rainfall, the distributions
were quite different (Figure 3.4.8). In the first season (1989/90),
the total was only 233 mm, and most of it fell between November and
February; and supplemental irrigation was applied regularly from
March omwards. In 1990/91, the rain was better distributed and
totalled 290 mm (exclusive of 30 mm applied at seeding to all
treatments). Less supplemental irrigation water was required in
this second season.

The mineral-N content of the soil profile at sowing was
significantly higher in the second season as compared to the first,
with mean values of mineral-N in the top soil (0-15 ¢m) of 9.9 ppm
and 4.2 ppm, respectively.

3.4.3.3 Effects on Protein %

In 198%/90, all \varieties responded significantly to N
fertilization, with optimal rates of 50 kg N/ha for Haurani and Cham
1 and 100 kg N/ha for Cham 3, Cham 4 and Gezira. However, in
1990791, with an almost adeguate soil content of mineral N (Matar et
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Figqure 3,4.8 Rainfall distribution in both seasons
at Tel Hadya

al. 1990), three varieties did not respond to applied N (Haurani,
Cham 1 and Gezira), and the optimum rate for Cham 3 and Cham 4 was
50 kg N/ha.

Nevertheless, rate of applied N generally had a highly
significant effect on the protein % of all 4 durum wheat varieties
(Figure 3.4.9). Protein % increased, in both seasons, with
increasing rates of applied N; and protein % was significantly
higher in the second season. That could ke explained by the higher
content of available N in the soil at sowing time.
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Figure 3.4.9 Relationship between levels of supplc.amenta}
irrigation and N applied on the protein content % in grain
of 4 varieties of durum wheat
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In 1989/90, supplemental irrigation had a strong negative
effect on grain protein % in all varieties at all rates of applied
N, although there was no further depressicn beyond the I3 treatment
(Figure 3.4.9). However, in 1990/91, supplemental irrigation had
only a small negative effect.

For the purposes of international trade, wheat grain should
contain at least 12.5% protein. In these trials, this standard was
not reached in 198%/90 at the highest rates of supplemental
irrigation, I4 and I5, even with a fertilizer rate of 100 kg N/ha,
and was not reached with 50 kg N/ha in the I3 treatment. Yet, in
1990/91, 50 kg N/ha was adecuate to ensure the standard was achieved
at all rates of supplemental irrigation. Almost certainly, the
initial soil content of mineral-N was a major factor behind this
difference, although other seasonal effects may have beenh involved.
However, in both seasons, differences between varieties were

relatively small.

3.4.3.4 Effects on Baking Quality

The sodium dodecyl sulfate (SDS) sedimentation test measures the
strength and baking potential of wheat, which depends on the degree
of hydration of proteins in the wheat and on their degree of
oxidation (Williams et al. 1988). The SDS test was applied to the
grain from all treatments and for both seasons. The potential
baking strength can be classified: > 35 good; 30 to 35 acceptable;
and < 30 not acceptable.

Again, season effects were large, with SDS values markedly
higher in 1990/91 than in 1989/90 — for all varieties and almost
irrespective of fertilizer and supplemental irrigation treatments
(Figure 3.4.10). Applied N increased SDS values in all situations,
but those increases tended to be higher in the second season. The



112

Hourani
60 1989/90 . 1890/91

——e— 18 ~5-No 9 N50 % N10O

Gezira
80

50
40

30
20

10

| L ,
WO w1 w2 w3 w4 we wo Wi w2 w3 w4 w5
Irrigation Treatments Irrigation Treatments

Cham 1
1989/90 1 1990/91

Cham 3

G —
wo Wi w2 w3 wa W5 Wwo W1 w2 w3 wa w6
Irrigation Treatments Irrigation Treatments
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effect of supplemental irrigation also differed between seasons. In
1989/90, increasing the amount of water fairly generally decreased
SDS values, although the severity of this decrease appeared to
depend on variety x N-rate effects; but in 1990/91 there were no
consistent trends.

Varietal differences were quite large. In particular, values
for Cham 1 were generally lower than those for the other three
varieties. The local Haurani appears to have the best baking
potential, followed by Cham 3.

Although a weak positive relationship was observed between SDS
test values and protein%:

SDS test = 1.78 Protein % + 9.63 (R = 0.35)

the SDS sedimentation test is considered as complementary to the
protein determination in assessing the technical properties of
wheat. Apparently, for industrial purposes the total protein
content is not adequate to assess those properties. what is
interesting from the present results is that SDS test values seem to
be more affected by seasonal factors -— in this case, probably, the
size of the available N pool in the soil -—— than are the protein %
values. Further, it seems that is harder to bring the SDS values up
to the international standard by N fertilization than it is the
protein values,

We may conclude that, since the technical properties of wheat
are strongly affected by supplemental irrigation and N fertilization
as well as by initial soil fertility status, measures to increase
wheat production through supplemental irrigation must be coupled
with appropriate N fertilizer additions —— which optimize yield and
maintain, if not improve, the quality of the grain. A greater

1
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awareness and understanding of these relationships, and how they
differ between varieties, is required.

References

Matar, A.E., Pala, M., Beck, D. ard Garabet, S., 1990. Nitrate-N
test as a guide to N fertilization of wheat in the
Mediterranean region. Comm. In Soil Sci. Plant Anal. 21(13-
16), 1117-1130.

Matar, A.E. arnd Perrier, E., 1991. Effect of supplemental
irrigation and nitrogen fertilization on the nitrogen content
of grain wheat. Annual Report for 1990, FRMP, ICARDA, Syria:
133-136.

wWilliams, P., El-Baramein, F.J., Nakkoul, G., and Rihawi, S., 1988.
Crop quality evaluation - methods and guidelines. pp 145.
ICARDA publication, second edition.

3.5 Rotations

Growing an annual crop is not an indeperdent event but part of a
sequence, Through the medium of the soil, this year's crop is
influenced by crops that preceded it and by the management and
inputs those crops received, and it will itself and its management
influence the performance of future crops. The soil acts as the
agent of these influences, changing according to its utilization.
Temporary changes, like water-storage between seasons, affect only
the next crop; others, perhaps involving the build-up or decline of
organic matter, structure, nutrient status, pests or pesticide
residues, may ke responsible for long-term productivity trends.
Rotation trials are concerned not with single crops but with
sequences of crops, with cooperative productivity (biological and
economic) of those sequences, and with the long-term evolution of
that productivity and of the underlying condition of the soil. Such
studies are intrinsic +to the gquestion of agricultural
sustainability.



3.5.1 Barley Rotation Trials at Tel Hadva and Breda

3.5.1.1 Introduction

The so—called 'new' rotation trials at Tel Hadya and Breda have now
completed nine cropping years. Each trial comprises three
replicates of both phases of an incomplete factorial combination of
six two—year rotations of barley with fallow, with barley, or with
a legqume forage (Jones 1989). Previous reports (FRMP 1989; 1990)
have sumarized results up to and including the 1988/89 season -—-
providing comparisons of productivity (grain, total dry matter,
total crop N, etc.) between rotations, between different forages and
between different fertilizer regimes on both rotations and sequences

of continuous barley.

In June 1990, a Program planning meeting considered the future
of these trials and decided to continue them but with charges to
some of the treatments. Here, we detail those changes and sunmarize
yvield data for the 1989/390 and 1990/91 seasons.

3.5.1.2 Changes in Experimental Treatments

The four forage crops in rotation with a grain barley crop were
previously: two pure legumes, Vicia sativa (vetch) and Lathyrus
sativus (lathyrus) and mixtures of each of those with bkarley.
Originally, these crops were all harvested at the hay stage, but
since the 1985/86 season they have been allowed to grow to maturity,
with earlier cutting of small sample areas to assess hay-stage
productivity. However, mature mixtures of cereal and legume are not
a very practical crop, either experimentally or agriculturally; and
differences in production between rotations with pure legumes and
rotations with legume barley mixtures proved to be small and fairly
consistent (see below). So it was decided to stop planting mixtures
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and replace them: in one treatment with ancther forage legume, Vicia
narbonensis, to be harvested mature; in the other treatment with
more Vicia sativa, to bhe harvested green to simulate a green—grazing
utilizaticon. This latter treatment is intended to provide a
comparison with the mature-harvested vetch treatwent, in respect of
the availability of soil moisture and mineral-N to the succeeding
barley crop (following the results of other crop sequence studies -
FRMP 1989, pp 34-35).

The four forage rotations were also, previously, in factorial
combination with four fertilizer treatments. One of these was (and
remains) a zero-fertilizer control; the other three each provided
biennially the same rate of N to the barley crop {20 kg N/ha at
Breda; 40 kg N/ha at Tel Hadya) and also the same rate of P, 60 kg
BO;/ha, but supplied either all to the barley crop, all to the
legume crop or half and half. However, the timing and splitting of
the phosphate fertilizer made very little difference to the yield of
either crop, and it was decided to drop this comparison, apply all
the phosphate to the barley crop and add a comparison of N rates to
barley instead.

The new treatment plan is given in Table 3.5.1. It should be
noted that treatments in columns E and F and in lines I, II, IIT and
VI remain unchanged. This means that certain comparisons,
specifically (i)} that within the continuous barley rotation, and
(ii) that across rotations (barley-vetch, barley-lathyrus, barley-
fallow and barley-barley) under fertilizer regimes III and VI can be
made across the years before and after 19%0.

3.5.1.3 Comparison of Rotations

Figure 3.5.1 summarizes the anmual cutput of above—ground total dry
matter and total N for the four rotations, barley-lathyrus (B-L),
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Table 3.5.1. Plan of treatments employed in 'new' rotation trials
at Tel Hadya and Breda, as amended in June 1990

Fert. regime
Rotation A B C D E F
N:P205 in phase Phase 1 Barley Barley Barley Barley Barley Barley
1 2 Phase 2 Lthrus Narbon VS(MH) VS(GG) Fallow Barley
T 20:60 20:60 19
iT 0:0 20:60 22
ITIT 20:60 0:0 1 2 3 4 18 20
IV 40:60 0:0 5 6 7 8
v 0:60 0:0 9 10 11 12
VI 0:0 0:0 13 14 15 16 17 21

(Nuwbers 1-22 refer to particular treatment combinations of rotation and
fertilizer regimes. The N fertilizer rates indicated are those for Breda; the
Tel Hadya rates are twice as large. VS=camon vetch, Vicia sativa; MH=mature
harvest; GG=green grazing.)

barley-vetch (B-V), barley-fallow (B-F) and barley-barley {B-B).
Each value is presented on a per hectare basis and comprises the
total of contributions from half a hectare of one phase of the
rotation and half a hectare of the other. Values for fertilized and
unfertilized conditions (+ and -, regimes ITI and VI) are shown side
by side. It should be noted that the alternate year barley crop in
the fertilized condition received 20 and 40 kg N/ha at Breda ard Tel
Hadya, respectively, equivalent to 10 and 20 kg N/ha across the
whole rotation.

In two previously reported years, 1987/88 and 1988/89,
rotations including legumes (B-L, B-V) in all cases outyielded
rotations restricted to barley (B-F, B-B) both in total dry matter
ard total nitrogen yield (FRMP 1990, p 169). But, in 1989/90¢, which
was a very dry year, legume growth was poor, particularly at Breda;
and fertilized B-B at Tel Hadya arnd fertilized and unfertilized B-F
and B-B at Breda outyielded the corresponding barley-legqume
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Fiqure 3.5.1 Comparison of four rotations at two sites
over two years in respect of above—ground total dry
matter and total N output from both phases of the rotation
taken together

rotations in total dry matter production (though not in all cases
significantly). However, in terms of crop N output, rotations
including legumes were consistently superior (Table 3.5.2).

The question is often asked, how much nitrogen do legumes
actually contribute. If it is offtake in the harvested crop that
matters (and, after 8 or 9 years of the same rotation, the state of



119

the so0il may reasonably be assumed to be approximately stable), then
these trials give us some clear answers. Qver two years that were
‘dry' and ‘'average-to-dry', the difference in net offtake of
nitrogen between rotations with legumes and rotations without was
about 20 kg N/ha/yr at Tel Hadya and 10 kg N/ha/yr at Breda (Table
3.5.3).

Table 3.5.2. Summarized comparisons of total dry matter
and crop nitrogen outputs: barley-legume rcotations (B-L, B-
V) as a percentage of barley-only rotations (B-F, B-B)

Total dry matter Total crop N
1989/90 Tel Hadya 111 205
Breda 81 115
1990791 Tel Hadya 125 180
Breda 123 189

Taple 3.5.3. Yields of nitrogen (kg N/ha) in harvested crops in
barley-legume (B-L, B-V)} and barley-only (B-F, B-B) rotations: means
over two seasons, 1989/90 and 1990/91 (with amount of fertilizer-N
applied subtracted from values for fertilized rotations)

Barley-lequme rotations Barley-only rotations

Tel Hadya:
Fertilized 34.6 11.¢
Unfertilized 43.6 20.1
Breda:
Fertilized 24.1 12.1
Unfertilized 22.2 15.3
3.5.1.4 Rotations with Lequme-Barley Mixtures

The 1989/90 season was the last in which legqume/barley mixtures were
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grown and the last affording comparisons between rotations of barley
with pure legumes and those with legume/barley mixtures. Mean
values over four fertilizer regimes are given in Table 3.5.4. Many
of the differences between rotations, though arithmetically small,
are statistically significant. What is more important, however, is
the fact that the pattern of yields conforms with that reported
previously (FRMP 1930, pp 172-173): while dry matter yields of the
mi__zggg-species forage terd to outyiela—t’hg pure legume forage, for

:;he/ye barley yields from the other phase it tends to be the cther
way round.. Ard total crop N offtake in the bharvest is higher
(appreciably higher at Tel Hadya) in the pure-legume rotations.

Thus the trial appears to lose little of experimental value from the
deletion of the mixed-forage rotations.

Table 3.5.4. Comparison of four barley-legume rotations in respect
of rotational crop yields of dry matter and nitrogen in 1989/90

Total dry matter, t/ha / Crop N, kg/ha

Barley Legqume or
Site/rotation Grain Straw mixture Total{ Barley Legume Totalf

Tel Hadya:
B-L 1.48 2.52 2.24 3.12 45.6 66.0 55.8
B-L/B l.62 2.31 2.56 3.25 43.0 52.3 47.7
B~V 1.56 2.64 2.17 3.19 49.3 57.9 53.6
B-V/B 1.50 2.33 2.30 3.06 42.8 44.8 43.8
Breda:
B-L 0.80 1.77 0.43 1.50 30.5 14.5 22.5
B-L/B 0.65 1.74 0.84 1.61 28.6 14,9 21.8
B-V 0.70 1.86 0.64 1.60 32.0 18.4 25.2
B-V/B 0.58 1.58 0.77 1.47 29.6 1l4.6 22.1

al) values are means over four fertilizer regimes, three involving 60 kg PO;/ha
biennially, and 20 kg N/ha (Breda) and 40 kg N/ha (Tel Hadya) biannually and one
zero—fertilizer control.

t Since all values are given on a per hectare basis, totals are means of
respective barley-phase and legume-phase values.
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3.5.1.5 Pure Lequme Yields in 1990791

It will not be possible to see the full impact of the rotations
newly introduced in 1990 until the first 2-year cycle is completed
with the 1992 harvest. But it is interesting to compare the
performance of the newly introduced Vicia narbonensis with the two

other forage legumes grown to maturity (Table 3.5.5). Narbon vetch
produced 20-25% more dry matter at maturity than common vetch and
lathyrus (and crop N output was comparable or higher); and
differences at the hay-stage sampling were even greater. This
result is in keeping with previous comparisons of forage legumes,
but relative effects on subsequent crops have not previously be
locked at in a rotation context. TImproved legume performance,
without detriment to the subseguent barley, is essential if barley-
forage rotations are to become sufficiently attractive for

widespread adoption by karley-zone farmers.

Table 3.5.5. Yields of three pure legumes in barley-legume
rotations, 1990791

Mature crop

Ha
Grain Straw TDM Total N crop,YTDM
t/ha t/ha t/ha kg/ha t/ha
TEL. H’ADYA Xk k kkk * kK * kkk
Vetch 0.68 1.43 2.11 48.2 2.09
Lathyrus 0.72 1.41 2.13 54.4 1.80
Narbonensis 0.93 1.67 2.60 52.8 2.73
SE/nmean +0.032 0.044 =+0.067 +1.52 +0.064
BREDA *xk * k& * k% kK k Kk
Vetch 0.50 0.88 1.38 34.1 1.25
Lathyrus 0.75 0.81 1.55 41.5 0.96
Narbonensis 0.77 1.08 1.85 45.7 1.72

SE/mean +0.020 *0.021 +0.039 +0.96 10.033
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3.5.2 Long-term Effects of Reqular Fertilizer Use Within
Different Two~year Cropping Rotations on the
Phosphorus and Nitrogen Status of Soils
A. Matar, M. Jones, A. Saddig and M. Shaheen

3.5.2.1 Introduction

Regular fertilizer application ard the employment of particular crop
sequences will wusually build up cumulative effects on soil
properties, on crop response to fertilization and on the maintenance
of yield levels. Some of these will be evident within a few years,
e.qg. increase in soil available P from the regular use of P
fertilizer (1); but others, which may ultimately have important
inplications for sustained and profitable crop production (FRMP 1988
and 1989 Annual Reports), may take much longer to appear.

As described in the previous section, two long-term trials
(called “New Rotation®) were established in 1982/83 at Breda and Tel
Hadya (Jones 1988). Both trials compare three basic rotations,
barley-lequme (B-L), barley-fallow (B-F) and barley-barley (B-B);
ut the B-L rotations occur in four forms, including barley-vetch
and barley-lathyrus. There is also a range of fertilizer regimes,
which form an incomplete factorial design of 22 treatment
combinations with the rotations. Nine of these were selected for
the investigation described in this report (Table 3.5.6).
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Table 3.5.6. Rotation and fertilizer treatments

Fertilizer Rotation
regime
5o
N:BO; in Barley/ Barley/ Barley/ Barley/
Fallow  Barley Vetch Lathyrus
Barley  Cther (B-F) (B-B) (B-V) (B-L)
Phase Phase
Breda 20:60 20:60 +
20:60 0:0 + + + +
0:0 0:0 + + + +
Tel 40:60 40:60 +
Hadya 40:60 0:0 + + + +
0:0 0:0 + + + +

To evaluate the impact of rotation and fertilization on the N
and P status of the soils, composite scil samples were taken in
September 1990 before the onset of rainfall from replicates of the
nine selected treatments in 20 cm increments down to 100 cm depth.
COrganic C and total N were analyzed in the surface soil layer (0-20
cm); available P (= NaHOO,-extractable P} in the first 3 layers (0
to 60 cm); and mineral-N in the whole profile (0 to 100 cm).

3.5.2.2 Effects of Rotation and Fertilization on Soil N and C
Status

More soil mineral N was found after fallow (in B-F rotation) than
after barley (in B-B rotation) or wetch (in B-V rotaticn), with or
without NP fertilization (Figure 3.5.2a,b). Differences were
statistically significant except in the comparison with the B-V
rotation at Tel Hadya.

At Tel Hadya, following fertilized barley in B-F rotation and
annually-fertilized B-B rotation and following fallow and vetch in
fertilized and unfertilized rotations, soil mineral-N contents, 7-9
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Tel Hadya Breda

-
—
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¢ Jd
Rotation: B/V B/F B/B B/V 3/F B/B BNP/
BNP

Fertilizer: without With without with

B/V B/F B/B
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Figqure 3.5.2 Mineral-N concentration in soil profile
(0-100 cm) as related to rotations, fertilizer regimes
and phases (Phase 1: after legumes or fallow and Fhase
2: after barley)

rpm, were at an adequate level for subsequent crop production.
(However, it should be remembered that this followed a dry cropping
season in 1989/90.) The pattern was similar at Breda, except
following barley in B~F and annually-fertilized B-B rotation.

There are no fully consistent patterns in the organic C data
(Figures 3.5.3 and 3.5.4}):

- Fertilizer use has not increased soil C, although one would
have expected it to have promoted the return of a dgreater
quality of crop residues. If anything, C values are slightly
higher in unfertilized treatments, although this difference is
significant only for the B-F rotation at Breda.
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Fiqure 3.5.3 The mean organic carbon of both phases,
N% and C/N ratio in top (0-20 am) soils, in relation
to rotation and fertilizer regimes at Tel Hadya
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Figqure 3.5.4 The main organic carbon of both phases,
N% and C/N ratio in top (0-20 cm) soils, in relation
to rotation and fertilizer regime at Breda
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- Soil that has carried crops every year (either B-V or B-B)
tends to have a higher C content than soil cropped only
biannually (B-F), presumably because more residues have been
returned; but the fertilized situation at Tel Hadya is
anomalous.

- The B-V rotation has produced a higher soil C content than the
B-B rotation, significantly so under fertilized and
unfertilizer conditions at Tel Hadya and under fertilized
conditions at Breda; but in this case, the unfertilized
situation at Breda is anomalous. This is ircnic. The
unfertilized B-B soil at Breda has the highest soil C content
of all treatments at both sites, but it produces one of the
lowest yields of crops.

Treatment differences in soil total N are proporticnately
smaller than those for the organic C data. Again there was no
appreciable effect of fertilizer use; hut values were generally
highest in B/V rotation (significantly in the unfertilized treatment
at Tel Hadya and the fertilized treatment at Breda). This is some
evidence of benefit from the inclusion of a legqume in the rotaticn.

The C:N ratio is an indication of the state of the organic
matter in the soil: high values imply the presence of relatively
fresh, unhumified material; low wvalues, a high degree of
humification. The present values, ranging from 11 to 7 are all
fairly low or very low. At Breda, their pattern can be related to
treatment: moderately high values in treatments (B-V, B-B) producing
crops (and therefore residues) every year, very low values where
residues are returned only in alternate years (B-F); but this logic
does not seem to apply to Tel Hadya. In particular, the low C:N
ratios of the B-B treatment are difficult to explain.
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Effect on Scil P status

3.5.2.3

Soil available-P status was evaluated by the Olsen test (NaHOO,~P
extraction) and by extraction with anion exchange resin. The Clsen

values, summarized in Figure 3.5.5, offer no surprises. The only

factor to have any significant effect was frequency of phosphate

The small apparent differences between

rotation (for which there appears to be no consistent pattern) may

be entirely fortuitous.

fertilizer application.

It is well established that soil phosphate extracted by anion

exchange resin correlates better with actual available P (

isotopic

exchange P) and with total P uptake by plants than does Olsen P. By
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comparing the amounts of P extracted by the two methods, it was
found that for the same value of Olsen-P the correspording resin-pP
value was significantly higher (at 0.0l level) at Tel Hadya than at
Breda (Figure 3.5.6). That suggests that the Olsen method
uwrderestimates soll available P status at Tel Hadya relative to
Breda. This could be due to the higher buffer capacity for P at Tel
Hadya (161 ml/g) and higher Fe—dithionate (2.1%) as compared with
Breda (127 ml/g and 1.3%, respectively), determined in separate P-
isotherm studies (E. Afif, PhD thesis).

36
Tel Hadya: Resin P = 2.385 Olsen P - 2.245
RZ = 0.80
“ Tel Hadya
Breda: Resin P = 1.636 Olsen P + 1.827
Rz = (.80
__ 24 4
=
=
— Breda
a 4
g
h
& 17
0

T ¥ T T B T

1.8 3.6 5.4 7.2 5.0 10.9 12.7

-1

Olsen P (ppm)

Fiqure 3.5.6 Comparison of values of available soil-P obtained
by anion-exchange resin and Olsen method for soils at Tel Hadya
and Breda
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PROJECT 2. AGROBCOLOGICAL CHARACTERIZATION
FOR RESOURCE MANAGEMENT

Introduction

The long-term goal in this project is to help ICARDA and national

programs to solve weather-related agricultural problems and to
improve the efficiency, relevance ard targeting of research through
the application of techniques which both characterize agro-
ecological variakility and predict how such variability will
interact with and modify of new technology. This goal will be
attained through the following medium-term objectives:

4.1.1

To develop, test and make available techniques which
characterize and map agroecological variability.

To combine expressions of agroecological variability with crop
models and farm models to simulate farm decision making and to
identify homogeneous recommendation domains.

To apply, in collabcration with commodity program scientists,
the analysis of weather data to the definition and solution of
weather-related pest problems and the better definition of
experimental envircnments.

To initiate the building of a selective database of weather,
soil and crop production data from the WANA region.

To develop and test, in collaboration with national
scientists, models to predict crop yilelds from real-time
weather data.

Agroecological Characterization: Preliminary
Climatic Analysis for Syria
G. Walker

Introduction

The predominant ecological classification scheme for Syria is based
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on precipitation. Zones are distinguished on the basis of long-term
average precipitation, plus a requirement for a minimum frecguency cf
years exceeding the prescribed precipitation threshold for that
zonhe. This scheme 1s clearly useful in explaining the distribution
of natural vegetation, and for targeting crop species.

Perhaps because of the obvious importance of precipitatieon,
the agroecological relevance of other factors has not been widely
considered. For example, one might want to ask if 300 mm
precipitation environments in northeastern and southwestern Syria
should be considered homogenecus as regards the intreduction of
improved germplasm. Factors which might influence the answer to
such a question include: precipitation distribution over the
cropping season; the temperature regime (mean temperatures, and
'events' such as heatwaves or frost); the timing of moisture supply
in relation to evaporative demand; photoperiod; regimes of humidity,
solar radiation, and wind; soil properties; govermment policy;
availability of supplemental irrigation, lakor, etc.

One way to get answers to such questions is empirically — by
observing responses tc introduced technolegy. However, this is
costly if it involves multi-year, multi-site field trials. In
addition, the climatic factors listed above show variability from
year-to—vear, so there is no guarantee that a tolerably short time-
span for technology testing will be representative of the long-term
climate. Efficiency 1in technology development, testing, and
transfer is maximized when all the available information is used.
The goal of this brief chapter is to demonstrate some simple
climatic analyses, to draw some conclusions from them, and to draw
attention to the possibilities of using such information in
addressing issues of efficient agricultural technolegy enhancement
in the WANA region.
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The analyses were conducted for Syria, partly because ICARDA
conducts much of its work in Syria, and partly because the data for
a number of weather stations were available for 20-30 years (mostly
1960-87). The stations used are shown in Figure 4.1.1, along with
the Syrian agricultural stability (ecological) zones.  Station

elevations are also given.

4.,1.2 analysis
4.1.2.1 Precipitation Amount

Table 4.1.1 presents Octcber-May precipitation statistics for the
nine stations. Median amounts range from 481 mm at Idleb to 267 mm
at Tel Abiad. ©On the basis of such data, Idleb, Marret, ard
Kamishly would fall into zone 1b, Sweida and Hama are borderline 1b
and 2, Aleppe would be in zone 2, and Hassakeh, Tel Abiad and Izra
are all borderline zones 2 and 3 (mean precipitation exceeds 250 mm,
but less than two~thirds of the years have more than 250 mm

Table 4.1.1 Statistics for total October to May
precipitation for nine Syrian weather stations

10% chance 10% chance
Station of lower Median of higher Coefficient
precip precip of variation
(Tm) (ram) (%)
Idleb 327 481 633 26
Maaret 230 392 542 29
Aleppo 200 349 437 29
Hassakeh 149 279 432 38
Kamishly 239 410 579 32
Tel 2Abiad 186 267 391 30
Hama 241 364 459 24
Sweida 254 356 482 26

Izra 194 283 343 30
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TURKEY ————

IRAQ

Mediterranean 5ea

s
// Station Elevation (m)
-~ A Qamishli 451

B Hassakeh 300
C Tel Abiad 355
D Alepmo 390
E Idlib 446
F Marret 496
G Hama 307
H Izra 57%
I Sweida 397

Ficqure 4.1.1 Agricultural stability zones in Syria

precipitation). These findings do not in every case agree with the
station classifications implied by Figure 4.1.1, raising possible
guestions about the stability of the boundaries that separate zones.

A measure of the variability of precipitation 1is the
coefficient of variation (CV). This is lowest for Hama, and highest
for Hassakeh. The stations with highest CVs are the three in the
northcentre/northeast. There is insufficient data to determine if
differences in variability exist between different areas of western

Syria.



134

4.1.2.2 Precipitation Distribution

It is often speculated that the pattern of precipitation
distribution over the crop season is important in determining crop
yields (i.e. yields may vary with the same amount of precipitation
distributed differently over the season). However, a
characterization of the statistical properties of the distribution
has not been previcusly made. Here we address the statistics of the
distribution within and among sites. The distribution could be
characterized in many ways. Two approaches are used here.

The first approach is to consider that fraction of seasonal
precipitation received before (or after) a certain date or growth
stage. With reference to specific crops, an analysis based on
growth stage would be preferable, but for more general application
an analysis based on date can be used. This analysis is based on
that fraction of October-May precipitation received on or before
January 31 (Table 4.2.2).

Table 4.2.2 Statistics for precipitation received by January 31 at
Syrian weather stations

Difference
Lowest Highest between 10 std.
Station recorded Median recorded and 90% Dev.
probabilities
(%) (%) (%) (%) (%)

Idleb 34 56 73 31 11.3
Maaret 33 55 79 30 12.5
Aleppo 37 56 80 30 1.6
Hassakeh 18 48 87 44 16.3
Kamishly 25 47 73 38 11.4
Tel Abiad 16 49 78 47 17.5
Hama 39 54 82 33 11.1
Sweida 23 48 73 35 12.4
2

Izra 18 53 78 39 15,
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First, it is clear that the range in distribution is large.
In the extreme case, Hassakeh, as little as 18% or as much as 87% of
the Oct-May precipitation has been received by Jan 31. Conversely,
at Idleb, not less than 34% and not more than 73% of Oct-May
precipitation has been received by Jan 31.

The median precipitation received by Jan 31 is close to 50% of
seasonal rainfall for all sites. However, northeastern sites are
all just under 50%, ard northwestern sites just above, with no clear
trend for the southwest, Measures of variability are shown in the
last two columns. The northeast appears to be the most variable,
and the northwest the least, with the southwest intermediate.

The second approach used to examine precipitation distribution
is a tabulation of the month-by-month frequency of rainfall above a
certain threshold. In the example shown in Table 4.1.3, a 25 mm
monthly threshold was used.

Table 4.1.3 Probability of exceeding 25 rm monthly precipitation

Station Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Idleb 100 93 97 69 23 3 0 0 3 o 70 97
Maaret %92 79 79 52 20 4 0 0 4 28 62 85
Aleppo 87 85 76 47 25 0 0 0 0 32 61 93
Hassakeh 81 65 77 65 30 0 0 0 4 13 43 70
¥amishly 93 83 86 86 38 0 0 a 0 21 &7 82
Tel Abiad 86 68 75 43 22 0 0 0 0 22 35 69
Hama 100 79 79 59 7 0 0 0 4 29 63 81
Sweida 96 89 89 39 8 0 0 0 0 27 58 73
Izra 88 84 76 30 0 0 0 0 0 4 35 71

The most striking thing about these figures is the relatively
high probability of receiving significant rainfall in northeastern
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and northcentral Syria in April and May. At both Kamishly and
Hassakeh the probability of Significant rain is as high in April as
in February. This is not the case at other stations. In effect,
for a given seasonal rainfall total, the month-by-month distribution
in the northeast will be 'flatter' than elsewhere. That implies,
for a given seasonal total, a scmewhat lower risk for terminal
drought in the northeast, but a somewhat higher midseason drought
risk.

At Tel Abiad the distribution is not quite so 'flat' as in the
northeast, but given that this is the driest of the nine sites, it
still exhibits surprisingly high probabilities of significant rain

late in the season.

The southwest is in contrast to the northeast, with virtually
no prospect of significant rain in May, and much lower prospects in
Bpril than in February and March. This might in turn imply greater
susceptibility to terminal drought than in the north.

4.1.2.3 Thermal Time

The ability of crops to exploit efficiently the winter peak in
precipitation is influenced by the growth of the crop cancpy.
Winter crop growth is constrained by phenological development, which
is highly sensitive to temperature. An integrative measure of the
thermal regime is a growing degree—day (GDD) sum above a base
temperature. In the example shown here (Table 4.1.4) GDDs are
accumulated above a base temperature of 0 C for the period Deceamber
1 to March 31.

The variability in thermal time accumulation within sites is

clearly-substantial, implying wide year-to-year variability in rates
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Table 4.1.4 Statistics for December-March growing degree day sums

10% chance of Median GDD 10% chance of std.
Station lower sum higher GDD dev.
GDD sum sum
(deg-C (deg—C (deg-C (deg—C
days) days) days) days)
Idleb 836 1037 1182 138
Maaret 726 849 1043 137
Aleppo 813 964 1131 132
Hassakeh 793 952 1164 145
Kamishly 877 1053 1211 138
Tel Abiad 749 949 1095 140
Hama 889 1084 1277 131
Sweida 856 1007 1188 127
Izra 1016 1157 1305 111

of crop development. For example, these figures suggest a range of
up to a menth in headirng date. Among sites, variability is greatest
in the northeast and least in the southwest.

The thermal time sum for Izra suggests substantially faster
crop development there than at other sites. This is not surprisihq
given the lower latitude. The cother southern station, Sweida, has
an elevation 500-700 m greater than elsewhere and has GDD sums
similar to those further north.

4,1.2.4 Frost Events

Cold tolerance is an important aspect of crop adaptation to scme
Mediterranean environments. Measures that relate to the cold
tolerance required include frequency, severity, and stage of growth
of frost events. Statistics for two measures — number of frost
days, and date of last frost -- presented in Table 4.1.5, indicate:
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a high degree of year-to-year variability within sites; distinct
regional terdencies; and considerable site-to-site variability
within a region.

Table 4.1.5 Statistics for number of frost days during November-
2April for Syrian weather stations

Number of Number with Number of Standard

Station days,with days, with days, with deviation
> = 90% > = 50% > = 10% (frost—days

probability  probability — probability /season

Idleb 0 5 29 11.1
Maaret 11 31 54 20.4
Aleppo 7 23 41 13.3
Hassakeh 15 39 59 16.7
Kamishly 1 16 31 13.1
Tel Abiad 22 39 63 18.5
Hama 4 17 37 12.6
Sweida 3 7 18 6.2

Izra 2 11 23 9.5

Regarding year-to-year variability, the number of frost days
at a site can be very few (zero in some years at some sites) to 50
or more at some northern sites. Tel Abiad has recorded as few as 9
and as many as 84 frost days in a season. Region-to-region
differences show that the southwest has lower frost probabilities
than elsewhere, while the dry stations in the northeast have the
greatest frost probabilities.

Regarding site-to-site differences within a region, it is
somewhat swrprising that, despite its 997 m station elevation,
Sweida has similar frost probabilities to Izra. On the cther hardg,
Kamishly in the far northeast has much lower probabilities than
Hassakeh and Tel Abiad. That the extreme northeast of the country
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(corresponding to zone 1 in Figure 4.1.1) has fewer frost days than
regions to the immediate south is supported by results presented in
the Climatic Atlas of Syria (Climate Division 1977).

At first glance these data imply substantially greater frost
risk in (most of) the north-east than the northwest. However,
seasonal frost frequencies for Tel Hadya and Breda (ICARDA
Meteorological Reports 1989/90) are mostly greater than those for
Aleppo for the pericd of overlapping record (1979/80 to 1986/87}.
Tel Hadya and Breda in fact have frost frequencies closer to those
of Hassakeh and Tel Abiad. The contrast between northeast and
northwest is therefore not as large as Table 4.1.5 suggests. This
iz discussed further below (relation between precipitation and
frost).

Probabilities for late frosts follow a similar pattern to
mmber of frost days (Table 4.1.6). Those stations having high
frost frequencies also tend to have later frosts. An exception is
Sweida which, despite its relatively low frost frequency, can still
record late frosts.

Table 4.1.6 Frost date at selected probabilities for Syrian weather
stations

Station 50% chance of 10% chance of Latest frost
later frost later frost cn record
Idieb Feb 1 Mar 10 Mar 26
Maaret Mar 12 Mar 29 Apr 14
Aleppo Mar 6 Mar 28 Apr 6
Hassakeh Mar 11 Apr 2 Apr 18
Kamishly Feb 27 Mar 28 Apr 18
Tel Abiad Mar 15 Apr 9 Apr 27
Hama Feb 25 Mar 21 Mar 29
Sweida Mar 2 Mar 27 Apr 26

Izra Jan 28 Mar 8 Mar 27
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April frosts at Tel Abiad and Hassakeh can be expected at
least once in ten years, but April frost has very low probability at
the other locations considered.

4.1.2.5 Relation between Frost and Precipitation

Weather variables are not mutually independent. As indicated above,
the geographical distribution for frost frequency might be related
to the geographical distribution of precipitation. The way to
examine that is to see if a single relationship holds across the
entire geographical area of interest. Here we are interested in
northern Syria. We use data for available stations from Hama
(latitude 35-08 N) north to Kamishly (37-03 N), including ICARDA
data for Breda, Tel Hadya, and Jindiress. Results for the wettest
and coldest month (January) are shown in Fiqure 4.1.2.
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Figure 4.1.2 Median number of Janwary frost days and
median January precipitation for weather stations in
northern Syria
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There clearly is a negative correlation between frost days and
precipitation. Furthermore, the relationship appears unaffected by
the 2-degree range in latitude, or by the elevation differences
among the stations. One sericus consequence of such a close
correlation is that it potentially confounds the attribution of crop
distribution (ie. crop 'zones') to a single variable, precipitation.
An example of the problems that arise is given below.

4.1.3 Discussion

It is difficult or impossible to find Syrian weather stations, in
different parts of the country, having closely similar growing
season precipitation totals amd long periods of record.
Nevertheless, it is still possibkle to draw conclusions regarding
climatic differences that exist between geographically distinct
regiong that are classified in the same agricultural stability zone.

4.1.3.1 North versus South

There are clear differences between north and south. Crop areas in
the scuth (represented by Izra) have relatively warm winters and
earlier crops (heading estimated at 10-15 days earlier) and less
frost risk (although, since the analysis is conducted by date rather
than growth stage, the risk is not diminished cuiite as much as first
appears) .

The south also has a somewhat compressed wet season, with
sharply decreasing probability of significant rain in April.
However, in terms of matching 'crop evaporative demand' to water
availability, earlier crop development may partially or corpletely
compensate for the shorter wet season. Even in relatively wet
years, though, terminal drought must be the norm in this region.
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Although the south presents some interesting contrasts with
the north, it is not very important for production of ICARDA-
mandated crops on the national scale. (The exception is chickpea,
for which the bulk of the national sown area is concentrated in the
south.) Cereal grain production is in fact most concentrated in the
nocrtheast, and the climate regime there, and its contrast with the
northwestern areas in which much ICARDA research is conducted,

deserve serious attentien.

4.1.3.2 Cereal Adaptation in Northern Syria

Across the north, as Figure 4.1.2 shows, frost risk increases with
dryness. Thus, from northwestern to northeastern Syria, at similar
precipitation levels large differences in frost regime are not
evident. Differences in crop performance, or landrace distribution,
occurring within a stability zone but in geographically separate
areas of the north, are therefore unlikely to ke related to frost.

Staticns with higher frost frequencies not surprisingly have
slower accumulations of thermal time over the period when frost
mostly occurs (Dec-Mar) ({Tables 4.1.4 and 4.1.5). Thus, the
apparent adaptation of barley to relatively dry, and wheat to
relatively wet, enviromments may be partly a consequence of the
warmer winter conditions in wetter areas. The relatively long-
season crop (wheat) will develop somewhat faster in the wetter than

in the drier envirorments of northern Syria.

The precipitation regimes of northeast and northwest Syria are
suptly different. At a given rainfall level, the probability of
significant late season (April-May) precipitation is substantially
higher in the northeast (with correspordingly lower probabilities
through the mid-season) .
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The fact that the northeast is the principal area for wheat
production in Syria may be related to the ability of the relatively
long-season cereal crop (wheat) to make the best use of late
rainfall. Govermment statistics show that dryland wheat production
in Hassakeh mohafaza (northeast) far exceeds that of barley, whereas
in Aleppo mohafaza (nerthwest) there is more barley than dryland
wheat. This observation may suggest strategies for crop
improvement. For example, could earliness in barley be a more
desirable requirement in the northwest than the northeast?

4.1.3.3 The Case of Chickpea and Ientil

Consideration of winter temperatures may also help te explain the
distribution of food legumes in Syria. Chickpea is usually (at
least within ICARDA) considered to be a crop adapted to the wetter
areas of the so-called 'vwheat-based farmirg systems' of West
Asia/North Africa (e.g. Cooper et al. 1988). That is, chickpea is
considered to be concentrated at the wetter end of the 350-600 mm
mean precipitation band (i.e. the wetter end of stability zone 1b).
Lentil in this system is considered to be the predominant food
legume at the drier end of zone 1b.

This rainfall-based zonation concept for food legumes in Syria
does not square with the fact that the chickpea—growing area is
concentrated in the south, in a lower rainfall enviromment. For
example, in 50% of years, the southern mohafazats of Daraa and
Sweida contribute at least 60% of the national chickpea area
(source: govermment statistics up to the 1989/90 growing season).
The bulk of this is in areas classified as stability zone 2 (250-350
mm mean precipitation), with a climate represented by that of Izra.

Despite the relatively low precipitation in southern Syria
(compared to the northwest) lentil is clearly not the preferred food
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legume in the south. In 50% of years, Daraa and Sweida contrikute
less than 10% of the national lentil scwn area. In absolute terms,
the lentil area is alsc much smaller than that of chickpea in these
mohafazats. Whether for climatic or other reasons, application of
the stability zone system to explain lentil distribution does not
extend to southern Syria.

Evidence from Turkey (Eser et al. 1991) suggests, in that
country, that the positions of lentils and chickpea for drought
tolerance are reversed. These authors regard chickpea as the more
drought~tolerant focd lequme.

To reconcile this information in climatic terms, it is evident
that the distribution of chickpea in Syria corresponds to those
areas where the risk of cold damage is relatively low/heat unit
accumulations are relatively high. That includes the scuth, and the
wetter (i.e. low frost risk, higher winter GDD sum) areas of the
north.

Preference of chickpea over lentil in the south, and
chickpea's southern predominance in stability zone 2, are probably
connected to the later planting that is possible with chickpea.
Planting lentil is risky because this crop is seeded early in the
wet season. Planting chickpea (usually about 2 months after lentil)
entails less risk since, the statistics show, farmers adjust to dry
conditions simply by not seeding.
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4.2 Estimating the Frequency Distribution
of Farmers' Crop Yields
7. Nordblom', F. Shomo', H. Farihane?,
M. el Mourid, M. Boughlala', H. Harris®

4,2.1 Introduction

Throughout West Asia and North Africa variability in weather
corditions from one cropping season to the next is reflected in crop
yields which, at national levels, show coefficients of variation of
about 15 to 60%. At the level of the individual farm, year-to-year
variations in yield can be much greater. In the last four years at
Tel Hadya, yields have varied by an order of magnitude from one
season to the next, due to seasocnal differences in growth
corditions, particularly rainfall.

1. Pasture, Forage and Livestock Program, ICARDA
2. INRA, CRRA, Settat, Morocco
3. MIAC, Settat, Morocco

4. Farm Resource Management Program, ICARDA
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In the diagnosis of constraints within farming systems, we
need to quantify the uncertainty of crop yield at the farm level.
The long time-series statistics on crop production which would make
this a simple matter are often not available, or not available at
the level of disaggregation that is necessary. We report here on
the adaptation and application of methods proposed by Marz (1987) to
estimate the statistical parameters of crop yields over time based
on data collected in interviews with experienced farmers. The aim
is to estimate the frequency distributions of crop yields at
selected sites with contrasting enviromments in the Doukkala-abda-
Chaouia dryland farming region of Morocco. The study was undertaken
under the auspices of a larger project, funded by IDRC, which aims
to validate methcds for agroecological characterization.

4.2.2 Methods

Mirz's (1987) methods entail the following steps: (1) each farmer is
agsked to provide an estimate of the numbers of 'good', 'normal' and
'pocr! crop seasons he experienced in the past ten years; (2) the
farmer is then asked to say what crop yields he associates with each
category of season. In the single-variate case (single crop) the
estimates of a mmber of farmers are aggregated and analyzed to
produce a grand mean and measures of varlance among and within
farms. A random time series of yields is generated using the grand
mean, the standard deviation derived from within-farm variance, and
the Box-Muller approximation for normally distributed random
numpbers.

The multivariate (several crop) case is similarly handled but
requires a vector of mean values and a variance-covariance matrix
for the several crops, analogous to the single mean and standard
deviation in the single—variate case. The variance-covariance
matrix is decomposed by Cholesky's method (see Mdrz 1987). Random
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variates from Box-Muller approximations are multiplied by the
decomposed matrix and the products added to the respective means.
The result is a simulated random multi-crop series of any desired
length having virtually the same statistical characters (means and

variance-covariance) as the original data.

The multivariate procedures were implemented through an
interactive BASIC program, 'MULTISIM', adapted from Mirz's original
(1987) program. A second program, STAT1', was developed to derive
the vector of mean values and variance-covariance matrix from the
farm interview data in the forms required by MULTISIM. Aside from
the present application, these programs are designed to allow
generaticn of random correlated series of price and yield variates
for whole-farm analyses based on time series of prices and yields

observed during long-run crop rotation trials.

41,2.3 Sites

Five sites for the study were selected to reflect known variations
in climate and soils within a small geographic area forming part of
the target zone of the Aridoculture Center of the Institute Naticnal
de la Recherche Agronomique, Settat, Morocco. At one site, Maarif,
farmers were working with two kinds of soil ('deep black' and
'shallow white'), and they were interviewed about crop rotation
yields on both. Site locations and characteristics are indicated in
Figure 4.2.1. The interviews were carried out in three days, 28-30
October 1991,

1. Copies of these programs are available on request to the first
author.
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Figqure 4.2.1 Yield survey sites in Morocco, 28-30 October 1991

Legend

@ = Main town locations
# = Farmer interview sites (within 1-2 km radius of point)

Details on sites selected for survey of farmers' crop yields in Chaouia and

Safi provinces, Morocco

Annual Soil characteristics
Location Elev Rain Local name Depth Stones as
m juin} amn % of volume
Maarif (deep) 400 330 Deep, black > 80 nil
Maarif (shallow) 400 390 Shallow, white 20-50 20-40
Jemaa Shaim 160 350 Black 'Tirs® >100 nil
Chmaia 300 240 Red 'Hmar'’ 50-100 10
Khouribga 760 380 Red 'Hamri® 25-50 20

Oulad Said 300 370 Black vertisol 100 0-20
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4.2.4 Selection of Farmers

Mirz's interview method was adapted for present purposes, to allow
comparisons with yields generated by a crop growth model at specific
sites with known soil characteristics. Five farmers were
interviewed in the close neighborhood (within 2 km) of a chosen
site, Selection criteria were that all should be farmirng the same
soils and growing the same cultivar of wheat in rotation with the
same crops. Only clder farmers (appearing over 55 years cof age)
were interviewed, to have the benefit of their long experience in
the local environment. The idea was to remove as many sources of
variation as possible, leaving year-to-year variation in weather as

the main source.

The farmers were individually asked to provide estimates of
the numbers of 'good', 'normal' and 'poor' seasons (expressed as
years in 10) based on their wheole experience with that soil and
those crops, nct just the past ten years. Then they were asked the
levels of wheat yields they associated with each category of season
and yields of the other craops associated witnh these wheat yields.

A set of data from 5 farmers, each farming two soil types in
the same area (Maarif), is shown in Table 4.2.1. It is the practice
in very poor years to graze crops which will not return sufficient
grain yield to cover harvest costs. Farmers considered this as a
zero crop yield, but for the purpeoses of this study they were asked
to suggest what the yield would have been if such crops had been
harvested.

4.2.5 Data Generation

The statistical parameters of these two pieces of information (i.e.,
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Table 4.2.1. Yield distribution data for two soil types and
rotations from five farmer interviews in the Maarif area (Chaouia
Region} of Morocce. (Qx = Quintal = 100 kq)

Deep black Shallow 'White!
soil soil
Frequency Wheat Pea Wheat Sheep
Farmer Year! in 10 yrs grain, seed, grain, grazing

Ox/ha  Qx/ha Qx/ha days/ha

1 Poor 5 18.9 2.5 8.6 60
Normal 2 29.7 9.0 20.5 450

Good 3 45,9 18.0 32.4 1620

2 Poor 5 3.0 5.0 2.0 120
Normal 2 17.5 12.0 12.5 300

Good 3 40.0 20.0 25.0 800

3 Poor 5 7.0 5.0 5.0 120
Normal 3 15.0 8.0 12.0 300

Good 2 40.0 12.0 30.0 a00

4 Poor 3 8.0 8.0 4.0 120
Normal 3 15.0 10.0 10.0 240

Good 4 40.0 15.0 24.0 720

5 Poor 6 7.0 2.0 5.0 60
Normal 2 17.5 10.0 10.0 300

Good 2 40.0 15.0 25.0 720

1. Each farmer was free to define these categories as he liked.

the distribution of 'year categories' and their associated yields)
were used in MULTISIM to generate 100-year runs of yield data. The
generated data for crops on the two soils at Maarif are plotted in
Figure 4.2.2. Dramatic year-to-year variation in crop and pasture
(weedy fallow) yields can be seen. It should be noted that, while
these appear to mimic well the yield distribution that farmers have
reported, they do not indicate an actual sequence of years, either
past or future. The other feature that the method does not reflect
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is autoccorrelation, or a ‘carry-over' effect from cne year to the
next. This can happen, for example, when additional water stored in
the so0il in a wet year is available to crops in the following year.
similarities in the sequences of good or poor years for the two sets
of generated data in Figure 4.2.2 resulted from giving the same
'seed numbers' to the random number generator.

Zero yields arose from two sources in the simulations: either
a genuine zero was generated, or the generated value was negative
and was recorded as a zero by the MULTISIM program. This truncation
of the distribution at zero has the effect of increasing the mean
and decreasing the variance of the generated values. The sizes of
these biases were examined with some simple statistics (Tables 4.2.2
and 4.2.3). Where the CV% (coefficient of wvariation = 100 X
standard deviation divided by the mean) of the interview data
exceeded 100%, as in the case of grazing days, biases in the
generated data could exceed 12%. However, for the data on crops,
for which the CVs ranged from 54.8 to 81.5%, biases were reduced to

6% or less.

The degree of agreement between the original and generated
data is increased as the length of the generated sequence is
increased. Short runs of, say, 10 years often give summary
statistics very different from those of the original data.

The yields generated for different crops at any one site are
positively correlated. Implicitly we assume that weather is the
main factor causing the variability in vyield and that weather
corditions (especially rainfall) favorable for one crop (in this
case wheat) will also be favorable for the associated crops. While
this is true in some degree, we recognize that it is also somewhat
simplistic. Because of differences in the timing of crops, between
wheat and maize for example, the relationship may be a relatively
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Table 4.2.3 Comparisons of summary statistics from
original interview data and from 100-year generated series:
the mean (Mg) and standard deviation (8g) of a generated
series expressed as ratios to those of the interview data
(Mo, So); also shown is the coefficient of variation of the
original interview data

Site/soil cv % Mg /Mo Sg/so

Maarif

Deep Wheat 71.96 1.003 0.991
Pea 62.61 1.040 1.010

Maarif

Shallow Wheat 74.74 1.006 0.987
Gr.d.? 106.73 1.107 0.937

Jemma Shaim Wheat 79.79 1.024 0.971
Faba bean 74.18 1.023 1.004
Pea 71.77 1.002 1.016

Chemaia Wheat 73.88 1.015 0.984
Barley 62.20 1.014 1.039
Maize 77.61 1.005 1.030

Khouribga Wheat 81.53 1.026 0.968
Barley 76.85 1.061 1.000
¢r.d. 109.11 1.028 0.884

Oulad Said Wheat 54.82 0.997 1.007
Maize 73.96 1.052 0.990

1. CV% = 100 (So/Mo)
2. Gr.d. = sheep grazing days per hectare

locse one. Even crops that grow at the same time of the year (eg.
wheat and peas) may be differentially affected by weather events
such as dry spells or frosts within a growing season. Or a
favorable roisture regime for one crop may induce a disease epidemic
in another. We do not pretend that this:method will account fully
for such factors.
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What the method does appear to provide is a reasonably
objective estimate of yield variability at the farm level, although
its 'cbjectivity' depends on the accuracy of farmers' recall. We
see no way to validate the method critically in the absence of long-
run crop yield records; that is, many years of records on crop
vields for a number of farms in a target area. Such data are rarely
available. A small collaborative research project is being
developed with ICRISAT in India to follow up on long-running yield
records from Village Level Studies there. It will conprise a set of
brief surveys and analysis using the methods discussed here; results
can then be compared directly with the available yield records.

4.2.6 Frequency Distributions

cuamlative frequency distribution (CDF) curves derived from the
generated data are shown in Figure 4.2.3. The data (in Qx = Quintal
= 100 kg) suggest that, at four of the six sites, zero yield will
occur in 1 year in 10. This is perhaps an over-estimate due to the
truncation of the distribution during data generation (above). If
farmers consider 2.5 Qx/ha as crop failure (Section 4.2.4 and Table
4.2.1), the generated data suggest this happens about 1 or 2 years
in 10 at all sites except Oulad Said. At two sites, Khouribga and
Chemaia, farmers expect less than 5 Qx/ha (0.5 t) in 50% of years,
and at all sites the expectation is for less than 20 Qx/ha in 50% of
years. The Khouribga area is perceived as the lowest yielding
environment, followed by Chemaia, Jemaa Shaim and shallow solils at
Maarif, culad Said, and deep soils at Maarif, in that order.

The data suggest that the Jemma Shaim area and the shallow
soils around Maarif provide very similar yield envircrments
throughout the spectrum of years, although the constraints are not
necessarily the same in both areas. Oulad Said appears to be
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Figqure 4.2.3 Cumlative frequency distributions of
random wheat grain yields for six soil/sites in Morocco,
generated from farmer interview data (Qx=Quintal=100 kg)

somewhat mcore reliable than the other sites in the poorest years
{less than 1 in 10), and deep soils at Maarif seem most responsive

to good years.

4.2.7 2applications of Methods

Data of this type can assist us in planning research and/or

extension. Outcomes to be expected from the use of such techniques

are:

- Assistance in the interpretation of existing field, ard
especially on-farm, research data in the context of the
variability in space and time that exists in the environment.
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- Better identification cf sites for on-farm research to cover
the spectrim of conditions in the area for which the
Aridoculture Center has research responsibility.

- Help in defining where research results already exist that can
be targeted to farmers through extension services.

- Assistance in the identification of areas where undefined
constraints limit production, providing a form of geographic
‘direction finding' for research planning.

These CDF's based on farmer interviews can be compared with
others derived from dynamic crop growth simulation models, thereby
providing a rapid and objective way to identify areas with large
yield gaps. The growth model, already validated at two locations in
Morocco, similates a weather—-governed yield potential. All existing
weather records for this region of Morocco are being used, together
with a spatial weather generator (Goebel 1990), to provide a weather
data base to use with the simulation medel. Data on the
distribution of soil types are being digitized for inclusion in the
database. This work is being carried out Jjointly with scientists
from the Department of Meteorologie, Casablanca, and the Milieu
FPhysique Section of INRA, Rabat.

It is not expected that farmers' vields will ever egqual those
predicted by the simulation medel which was built on data from very
carefully controlled small-plot experiments. However, the methods
described here allow comparisons of CDF's that reflect farmers'
experience with those of a theoretical potential, and with research
findings. Together, the crop growth simulation model, the spatial
weather generator and the (DF's from farmer interviews promise a
rapid way to appraise the existence and size of yield gaps at many
points across large agricultural districts.
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4.3 Dryland Resource Management and the Improvement

of Rainfed Agriculture in the Drier Areas of
West Asia and North Africa

4.3,1 Introduction

In the past, the agricultural systems that evolved in the drier
areas of WANA were of low intensity and low productivity but were
well adapted to an enviromment characterized by a fragile and
limited natural resource base and uncertain and fluctuating
meteorological conditions. However, today, the increasing pressures
on secil, water and natural vegetation in these areas seriously

threaten their potential for future productive utilization.

At present, the problems and potential of the existing systems
are poorly understocd. The physical limitations of the enviromment
interact with the pecple, institutions and pelicies to determine how
drylands are utilized. Degradation results from decisions made by
individual land users in response to a range of perceived
constraints and incentives. Understanding the rationale behind such
decisions will help to identify the underlying causes. Once these
have been identified, the search for solutions can begin, The
individual's local knowledge, of bhoth the enviromment ard the
factors controlling how it is utilized, are crucial in this. The
people concerned must participate actively in all stages of the
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research and development process if practicable and acceptable
improvements are to be instituted. To achieve this, a flexible,
interdisciplinary approach is needed.

To this end, the Dryland Resource Management Project aims to
help develop the capacity of small multidisciplinary teams of
national scientists to work together to diagnose, analyze and scolve
agricultural and environmental problems in drier areas of WANA.
Case studies in each of six countries have the objectives: (1) at
specific locations, to describe and analyze current rescurce
management practices and indigenous perceptions of options for
sustainable inprovements; and (2) to initiate within the national
program interdisciplinary activities that address the problems of

farmers and herders in drier areas.

Much of the work in 1991 was concerned with identifying,
first, national teams of scientists to comduct the case studies and,
then with those scientists, the study areas and problems to be
tackled. Regional events delayed this process and caused the
project planning workshop to be postponed from June to November.
That workshop was held in Amman and was attended by representatives
from all six national teams. Each team presented its proposal, and
these proposals were modified and finalized during the course of
subsequent discussions. They will now be implemented by each
national team, and the findings reported at a second workshop
scheculed for March 1993.

In last year's report we gave brief details of the proposed
case studies in Jordan and Tunisia, which had already been drafted.
This year we sunmarize the proposals for Libya, ILebanon, Pakistan
and Yemen.
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4.3.2 Libyva Case study

This is being conducted by scientists from the Agricultural Research
Center, Tripoli. It will focus on an area of about 150,000 ha at
Bir Al-Ghanem between Azizia and Yefren, in the Geffara plain, about
40 km scuth of Tripoli, where the average annual rainfall is about
170 rm.

Over the last 15-20 years a number of alternative modes of
land use have been introduced in what were previously open
rangelands in the Geffara plain. These include ley-farming/cereal
projects, range improvement/grazing projects, and settlement
projects often based on irrigated farming. Grazing and cereal
production centinue in the remaining open range. The objectives of
the present study are:

1. To compare these different systems of land use in terms of:
- their productivity;

- their effect on the resource bhase (soil amd rarge
vegetation);

- their organizational structure and management.

2. From the above analysis and surveys of the activities,
objectives and opinions of land users (both individual and
corparate/project land wusers), to determine the most
appropriate strategies for future research and development in
these areas.

The main activities are:

- to document and evaluate the previcus projects and their
differing modes of land use, working mainly from secondary
sources;

- to describe and quantify the current farming systems in the
open range, by conducting a survey;
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- to compare the different land-use systems, in terms of
productivity, resource utilization and effects on the
resource base;

- to determine, through discussion, land users' opinions of
the various land-use systems, current problems and

perceived options for improvements.

4.3.3 Lebanon Case Study

This is being conducted by scientists of the American University of
Beirut. It focusses on the village of Buarij on the eastern slopes
of Mount Lebancn (Bekaa). Until the first half of this century such
villages subsisted on a traditional agropastoral economy based on
small-scale farming and vertical transhumance; and aspects of these
systems are documented by A. Fuller in her book "Buarij, Portrait of
a Iebanese Muslim Village" (1961). This work will provide a
valuable historical dimension to the case study. The objectives of
the study are:

1. To document and assess the effect of the historical
development and changes in Buarij on the resource base and
resource management strategies;

2. To identify possible determinants of these changes
(biological, physical, socloeconomic, etc.), with a view to
showing where improvements in current resource management can
be made.

It is expected that the study will produce:

a) documentation and analysis of the processes of change in
Buarij and the villagers' perceptions of these changes;

b) an analysis of existing production systems and management
practices;
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c) an analysis of the productivity of the system;

d) identification of existing problems as perceived by the local
population;

e) identification of possible alternative resource management

strategies, if appropriate,

The case study will proceed in three phases. The first phase
will characterize the village system, the resources available and
the current management of those rescurces, and the changes that have
occurred in the village system since Fuller's study. In addition,
it will identify non-village users cf the rescurces available to the
village; and a parallel study of these users, focussing on how they
interface with the village system, will be conducted.

The second phase will involve, through interviews with a
sample of irdividual land users, a detailed diagnosis of resource
management, productivity, returns to land use, and the problems
faced by farmers under the existing production systems. In bkoth
phases, the present situation will be related to that reported by
Fuller, in order to identify the determinants of change in the
system, and the impact of these changes upon the resource base.

In the final phase, the information from the first two phases
will be used to assess the possibilities for appropriate alternative

resource management strategies.

4.3.4 Pakistan Case Study

This is being conducted by scientists from the Arid Zone Research
Institute, at Quetta, Balochistan, at sites in the Quetta area.

The mest limiting factor in crop production in rainfed areas
of Balochistan is the low and variable rainfall. Crop production in
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non-irrigated areas is either totally dependent on rainfall
(kushkaba) or on rainfall supplemented by run-off water collected
from uncultivated land (sailaba). Farmers have long practised water
harvesting under the sgailaba system by constructing bunds which
collect the run—-off water flowing from the steep hillsides ontc the
level valley bottoms.

In an attempt to demonstrate the improved utilization of
rainfall in the valley plains, AZRT has for the last four years been
growing cereals, lentils and forage legumes under water harvesting
techniques. In a variation of the traditional sailaba system, small
catchment basis are constructed on the level valley floor,
representing a low cost method of generating run-off and increasing
crop yields.

The objectives of the case study are threefold:

1. To compare AZRI's water-harvesting techniques with the

existing farmer practices.

2. To determine to what extent crop production is increased and
production risks decreased under the water-harvesting system.
3. To assess the adoption potential of water-harvesting

techniques by farmers in highland Balochistan.

The approach will be:

a) To utilize data from four seasons of wheat trials (1986/87 to
1989/90) and two seasons of barley trials (1988/89 amd
1989/90) to develop budgets for each crop, seascon, location
and trial, in order to determine the costs and benefits
associated with the water-harvesting relative to the rainfed
control.



164

b) To simalate crop performance over a wider range of seasons
than experimental data is available for. In a situation where
rainfall variability is so extremely influential on crop
performance, it is necessary to incorporate the probabilities
of different rainfall distributions and intensities in the
economic analysis. Available daily weather data from three
stations will be used in a model that represents crop vield as
a function of water availability. Crop performance will be
simulated for a set of weather seascns available for each site
(Quetta, Ioralai, and Kuzdhar), representing the central,
northern and southern regions of highland Balochistan.

c) To compare the simulated distributions of yields ard
associated net benefits, using stochastic dominance techniques
that identify the dominant (preferred) treatment in terms of
risk efficiency.

d) To conduct a survey of local farmers to monitor costs and
returns associated with traditional farmers' practices, and to
investigate their perceptions and opinions of the water
harvesting system.

4.3.5 Yemen Case S

This will be conducted by scientists from the Agricultural Research
and Extension Authority and from the University of Sana'a. Plans
have not yet been finalized, but the likely study location is Kohlan
Affar, northwest of Sana'a.

The study will focus on the deterioration of the traditional
system of water harvesting. Two system levels can be identified.
fne is the farming system represented in Affar: uncultivated
mountain rangeland {(which constitutes the catchment), terraced upper
slopes, trees on lower slopes. However, this is only one component



165

of a larger 'water management system', by which excess water from
the catchment and upper terraced slopes runs off into wadi beds,
continuing down to traditional irrigation systems on the coastal
Tihama plain. The collapse of terracing on the upper slcopes means
that runoff is increased ard floods in the wadis are more intense.
The wadi beds are widened by the larger floods, with the result that
valuable agricultural land along the wadi banks is washed away. The
primary problem for investigation is the degradation of the upper
terraced slopes, although an analysis of the impact of the breakdown
in this component on other components lower down the system might be
included.

4.4 Cukurova University/ICARDA Collaborative Project:
Development of Small-Scale Farmers of
Taurus Mountains of Turkey

In 1990, Cukurova University (Adana) and ICARDA initiated a joint
farming systems project, utilizing funds supplied by Italy through
ICARDA's Highland Regional Program. The project aims to identify
constraints to agricultural productivity in mountain villages ard
develop acceptable technical solutions through coordinated research
studies in Karaisali and Tarsus districts. Scientists from FRMP
(and PFIP) fulfill a planning and advisory role. The fcllowing
sunmary of the first year's work of the project is taken from a
report provided by Professor Onur Erkan, who leads the project.

4.4.1 Introduction

Two million pecple live on small farms in villages in the Taurus
mountains of southern Turkey and depend largely on agriculture for
a living. Rainfall is often in excess of 600 mm, but crops, mainly
wheat and barley, with small areas of chickpea and sesame grown on
sloping fields of usually shallow, stony scils are not always able



166

to take full advantage of it; and for many farmers the main
enterprise is livestock rearing, mainly goats, Farm incomes are
lower than in many other parts of Turkey; but local agricultural
problems have received little attention from research and extension

organizations.

The present study uses a multidisciplinary FSR approach: to
examine the existing farming system; to develop appropriate new
and/or improved technology; to test that technology with the
farmers; and to disseminate the findings.

4.4.2 Economic Diagnosis
O. Erkan, V. Tansi, T. Tiikel, N. Uygen, O, Bicer,
O. Kaftanoglu, U. Din¢

A total of 63 representative farmers were selected from eight
mountain villages (cultivable land situated above 600 w) (Figure
4.4.1). Their average holding of operated land is 40.8 da. Most
such land is owned by the user; and, although most is allocated to
arable crops, areas of fruit (apples, grapes}) and fallow are
significant (Table 4.4.1a).

The main source of agricultural lakor is the farm family. The
figures collected suggest that more than 50% of their labor
potential is not actually used (Table 4.4.1b), althoucsh in peak
seasons some labor is hired by all farm-size groups.

Greatest production value derives from livestock (includes
live~weight gain, milk and honey) in small and medium-sized farms
but from crops in larger farms (Table 4.4.1c). Crop totals include
fruit, which -- on a proportional basis -- is of greatest importance
for the smallest farms. Wheat has the highest value of the arable
crops; but the value of barley is understated in the figures showm,
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Figure 4.4.1 Taurus Mountains Project area

which reflect only the marketed amounts. The greater part of the
barley crop is used as animal feed, and its value is converted into
livestock value.

Production costs and farm and family income are summarized in
Table 4.4.2. The average farm income is $1282 and family income is
$2125. Per capita values are $195 and $323, respectively (which
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should be compared with $1238, the per capita national income of
Turkey in 1990). These figures indicate the scope for improvement
the project seeks to effect.

Table 4.4.1. Taurus mountain villages: agricultural lard use, labor
and production values, by farm size

Farm size groups (da)

1-25 26-50 51+ Mean %

a. Land use:
Wheat 7.9 17.9 33.2 18.5 45.4
Barley 2.5 6.0 9.3 5.7 13.9
Chickpea 0.4 4.8 7.1 3.9 9.5
Qat 0.1 0.5 0.6 0.4 1.0
Fallow 2.3 5.8 19.9 8.4 20.6
Fruit 2.0 3.1 3.9 2.9 7.2
Other 0.0 0.0 3.7 1.0 2.5
Total 15.1 38.1 77.8 40.8

b. Labor:
Potential: mpu* 3.14 4.67 4,47 4.08 -

days 879 1308 1252 1142 -

Days on farm 228 354 416 327 -
Days off farm 18 25 26 23 -
Days used non—-agriculturally 109 184 134 144 -
Total days used 358 563 576 494 -
Days not used 524 745 676 648 -

¢. Production value (%)
Wheat 266 514 890 829 19.5
Barley 24 46 70 45 1.7
Chickpea 6 81 96 59 2.2
Oat 1 1 1 1 -
Fruit 389 246 448 350 12.9
Crop total 686 888 1505 984 36.2
Livestock 1198 1752 1204 1411 52.0
Off-farm activities 154 301 565 321 11.8

Total 2038 2941 3274 2716

(gross production value)

* Manpower unit
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Table 4.4.2. Taurus mountain villages: production costs and income
($), by farm size

Farm size groups (da)

1-25 26-50 51+ Mean
A. Production costs:
Variable: - crops 389 638 946 635
- livestock 3%4 433 369 402
Fixed: - family labor 1592 2474 2910 2284
- depreciation 137 192 363 219
- repair/maintain 82 84 158 103
Tctal 25%4 3821 4746 3643
B. Income:
Gross producticn value 2038 2941 3274 2716
Total variable costs 783 1071 1315 1037
Gross margin 1255 1870 1959 1679
Farm income 1018 1487 1335 1282
off-farm income 608 1117 762 843
Family income 1624 2603 2097 2125
4.4.3 Field Crops and Grazing Iand studies

V. Tansi, T. Tikel, T. Polat and E. Haser

All villages were visited between one and three times to survey
cropping practices. It was noted that all crops were rainfed.
Tillage is always with a plough, which may be animal or tractor-
drawn. Farmers dco not try to plough on the contour, but contour-
ploughing is easier with animals. Seeding is by hand-broadcasting.
For wheat and barley, seeding is in October (one village, April);
the commonest rotation is fallow-wheat, but wheat-wheat and legume
{chickpea, phaseolus)-wheat were also recorded.

Farmers save their own seed for planting. Most wheat
cultivars are old (e.g. of Mexican origin, dating from the 1960s)
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and more suited to lowland conditions. The common seeding rate,
around 15 kg/da, is similar to that recommended for lowland
corditions. Fertilizer is used but rather arbitrarily, without any
soil analysis; and, although many small ruminants are kept, farm—
yard manure is not used. Grain yields, harvested in July are only
around 1 t/ha, partly because of low numbers and weight of
seeds/ear.

For chickpeas, seeding is in March or April, at a rate of
about 5 kg/da, without fertilizer or inoculation. No yield figures
are yet available.

Fairly small areas of barley are grown for animal grazing or
feed producticn. In one village, fallow growth is cut for hay for
winter feeding; and some maize is alsc grown and cut for feed. But
no other forages are grown.

Mountain pastures are under heavy grazing pressure, and
productivity is going down. Nevertheless, they still provide most
of the feed regquirements of the villagers' livestock. For example,
six wvillages (Qukurbag, ZXiralan, Blylk Sofulu, Kokez, YuXari
Belemedik, Karakislakci) have about 2742 cattle, 7542 sheep and 9804
goats. These animals subsist largely in common grazing areas
located within the forest belt between 800 and 1600 m elevation.
These are not officially licensed grazing lands but are the remnants
of cleared forests. Some of the steepest land of this type is
already protected for forest re-establishment.

At each of the six villages, forage production of the grazing
lands was estimated by sampling (five randomly thrown quadrats, 0.5
X 0.5 m) and separating into three botanical components (Table
4.4.3). Total herbage varied from 0.6 to 1.8 t/ha, with grass
contents, 3-51% and legume contents, 6-52%. At most sites, most
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material was in the category "other forbs". Protected (ungrazed)
sites tended to yield more material.

Table 4.4.3. Natural pasture samples from grazing lands of six
villages in Taurus mountains: dry weights and simple botanical
analysis

Grasses Legumes Other forbs

Total

Village kg/da (%) kg/da (%) kg/da (%) kg/da

Kiralan (9) 17.9 (10) 46.5 (26) 113.4 (64) 177.8

Bliylik Sefulu (g) 14.5 (25) 12.6 (20) 34.1  (56) 61.2

Kdkez (g) 2.9 (3) 55.9 (52) 48.0 (45) 106.8

vukari Belem (g) 24.4  (24) 6.6 (6) 73.1  (70) 104.1

(p) 39.0  (24) 22.9 (14) 102.4 (62)  164.3

Karakislakci (g) 10.3  (17) 9.0 (15) 39.9  (67) 59.2

(p) 51.6 (51) 16.6 (16) 32.9  (33) 101.1

Cukurbag (Q) 28.4  (33) 10.2 (12) 48.4 (56) 87.0
4.4.4 Plant Protection Studies

N. Uygun, M. Bicici, N. Uygur, A. Erkilic, H. Paspinar,
C. Ozkan, O. Boz, 5. {olak

A multidisciplinary team (entomologist, phytopathologist and weed
specialist) surveyed pests, diseases and weeds by making
observations in fields and orchards, by taking samples for
identification where appropriate and through talking with farmers.

No sericus insect pests were found in wheat, barley or
chickpea, but diseases (particularly Ustilago nuda hordei, Urocystis
tritici and Frysiphe graminis tritici in cereals; and Aschocyta
rabiei and Fusarium spp. in chickpeas) were quite important. In

apples, the most important fruit crop, Carpocapsa pomonella and
Ventura inaequalis were destructive pests and diseases,

respectively.
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Weediness varied widely. Among cereals, Secale cereale,

Bromus spp., Anthemis spp. and Galium aperine were serious crop

competitors; and in chickpea, Amaranthus spp., Heliothropium spp.,
Centauria cyanus and Ranunculus arvensis.

Generally, it was observed that farmers' control measures are
limited to the use of chemicals and take little account of pest
density. They may often use the wrong pesticides or the wrong
timing or the wrong applicators; and sometimes they mix two
different herbicides to control grassy and broad-leaved weeds. Scome
weed problems are attributable to hand sowing of crops.  Non-
homogeneous emergence leaves empty spaces in the field, which

encourage weed proliferation.

4.4.5 Livestock Studies
O. Bicer and O. Giney

Small ruminants make a major contribution to farmers' econonmies.
Even though productivity levels are low, goats and sheep are the
main source of animal protein (meat and milk), provide year-round
cashflow and utilize land that has no other agricultural potential.
The Kil goat (hair or black gcat) is the dominant breed, but local,
fat—tailed sheep (and, more recently, Awassl) are being enccouraged
by the Ministry of Agriculture.

A survey was conducted among selected farms to obtain basic
information on their animal numbers and management problems and
their perceptions about possible improvements. Althocugh small
ruminant husbandry is the principal animal production activity in
each village, less than half the families are involved in it, but

nearly all families keep one or two cattle (Table 4.4.4).
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Table 4.4.4. Taurus mountain villages: distribution of animal
production and flock sizes

% of farmers in animal Small ruminant flock size
production
Village Small ruminants Cattle Sheep Goats
Kokez 45 100 83 -
Buyilik Sofulu 8 85 80 20
Yukari Belem 44 - 147 56
Karakislakci 10 90 47 25
Gildirli 13 - 200 -
Kiralan 33 100 - 226
Sanlica 50 75 - -
Qukurbag 43 43 120 265

Production from the small ruminants comprises kids (and lambs)
sold off-farm and milk, which is processed mainly into cheese for
sale in the local market. There are appreciable limitations in
reproductive performance (little or no twinning, and six-month
mortality rates, 5-20%), and milk yields are low (mean total for
goats, 35-50 kg); but non-commercial off-take (e.g. yoghurt) makes
an important contribution to family subsistence.

Supplementary feed is used sparingly. Ewes and does are not
supplemented until heavy winter conditions occur. No lamb fattening
is practised; some farmers are now finishing yearlings on
concentrates but at low levels. Health care is weak; although
farmers are aware of parasite control and contagious diseases, they

make little use of veterinary services.

4.4.6 Beekeeping Studies
O. Kaftanoglu and H. Yeninar

Beekeeping requires almost no land and little equipment, time or
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money; and hive products comand a good price everywhere.
Beekeeping is therefore an agricultural activity with great
potential to increase the income of small farmers. A survey showed
that there are already many hives in project villages (Table 4.4.5),
and many more farmers would like to take up beekeeping.

Table 4.4.5. Taurus mountain villages: bee colonies and beekeeping
potential

Number of

Village colonies Remarks

Qukurbag 70

Yukari Belemedik 260 Very suitable

Karakislakeci 480 Great beekeeping potential; increases
planned

Kiralan 160 Very suitable; but problems are
lowering honey yields

Gildirli 30

Blyiikk Sofulu 600 Some beekeepers have more than 150
colonies; trucks rented to practise
migratory beekeeping

Kdkez 250

Problems include lack of capital to invest in more hives and
improved hives; and lack of knowledge about queen management,
diseases, feeds and feed hygiene, and foundation material (for comb-
building). There is much scope for training and demonstration.

4.4.7 Preliminary Soil Productivity Studies

Remote-sensing techniques can be used to study land use in the
project area; pictures are available. The extreme topography and
steep slopes make much of the area unsuitable for agriculture.
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Removal of vegetation by tillage, by grazing or by tree felling
always promotes soil loss; and many farmers currently plough up and

down the slope, which increases erosion.

Samples taken from farmers' fields indicated insufficient crop
nutrients or an imbalance between them. Many soils were high in
available-P (and would not need P fertilizer for two years) lut were
lacking nitrogen. Farmers know little about soil-testing, and tend
to use the same fertilization technique irrespective of crop or
planting season. In particular, there is no effective program of N
fertilization and this reduces yields. Manure is available from the
widespread keeping of animals, hut it is not used by most farmers.
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PROJECT 3. ADOPTION AND IMPACT OF TECHNOLOGY

Introduction

The long-term goal in this project is to assess factors related to
the acceptability of new technologies and develop methods to
predict, monitor and improve the adoption ard impact of technology
at the national, commnity and farm level. We seek to attain this
goal through the following medium term cobjectives:

5.1.1

wheat

To help biological scientists design technologies which can be
easily adopted by farmers through the collection and
implementation of information on the needs and constraints of
farmers.

To help to derive ways to introduce new practices into farming
systems of the region.

To describe ways to estimate the impact of new technology, and
to identify benefit and problems arising from new practices
and their implicaticns for technology design.

To assess, within the region, trends in crop production,
policies affecting agriculture, 1labor supply and other
sociological and economic factors directly affecting
agriculture.

Impact of Modern Wheat Technoloqy in Syria
Part One: The Adoption of New Technologies

R. Tutwiler and A. Mazid

Introduction

is the most inportant food commodity in Syria. Until 40 years

ago, production was able to expand as population expanded simply by
increasing the area cultivated. Expansion of wheat area allowed
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Syria to be a net exporter until the 1850s. However, in the past 30
years growth in domestic demand has far exceeded the ability to
increase the area planted to wheat. Moreover, vegetables, fruits,
ard industrial crops, have all increased and impinged on wheat land.
Consequently, Syria no longer produces a surplus of wheat, and wheat
grain and flour have become the most important agricultural imports.
The wheat self-sufficiency ratio fell to 72% in the 1985-89 period.

The Syrian government has invested heavily in agricultural
development with the twin cobjectives of improving the living
standards of producers and achieving self-sufficiency in those
commodities which account for most of the negative trade balance.
Wheat has been a consistent focus of attention. Realizing that
there can be little increase in the existing arable land base,
planners concentrated on improving the productivity of existing
wheat land. Research was directed towards adapting modern high
yielding wheat varieties (HYVs), chemical fertilizers, herbicides,
and pest control measures to Syrian conditions. Extension and
credit institutions were organized. Farmers were encouraged to
mechanize production, and the government embarked on a number of
infrastructural projects to provide irrigation facilities where
technically feasible. Pump wells and other on-farm irrigation
systems were developed by the government and private sector.

5.1.2 Study objectives

In 1991, the Socic—economic Section of the Directorate of

Agricultural Research (DSAR} Jjoined ICARDA's TFarm Resource

Management Program in a multiyear study of the adoption and impact

of improved wheat production technology. The study has three

objectives:

1) To develop baseline measures of use and adoption of improved
wheat production technology among farmers in different agro—



178

ecological zones and regions.

23 To describe levels of wheat technoleogy adoption and impact,
differentiated by socio—economic characteristics of farms and
by farming systems.

3) To assess reasons for adoption or non-adoption of particular
technologies and factors contributing to yield gaps between
technology performance on farm and results obtained in
research trials.

Activities in the first year were designed to develcp the
initial descriptive baseline, confirm levels of adoption, and
develop hypotheses to be tested in following seasons. Existing
published sources were reviewed, and a primary data set was
collected through a formal survey covering 9 provinces representing
some 91% of the national wheat area. The results of this first vyear
are presented here.

5.1.3 National planning

As a basis for plamning agricultuwral production, the Syrian
government in 1975 divided the country into five agricultural
stability zcnes based essentially on rainfall patterns. Zone 1 has
a mean annual rainfall over 350 mm. Zone 2 lies between the 250 mm
and 350 mm isohytes and receives not less than 300 mm in two out of
three years. Zone 3 has a mean greater than 250 mm and receives not
less than 250 mm in half the years. Zone 4 lies between 200 and 250
mm isohytes and receives not less than 200 rm in half the years.
Zone 5 lies below the 200 mm isohyte and is deemed unsuitable for
rainfed agriculture. Ccutting across these rainfall zones are
irrigated areas of two basic types: those reguiring reqular
applications of water (full irrigation) and those in which water is
mt rainfall (supplemental irrigation). In
general, full irrigation 1is necessary for dependable wheat
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production in zones 4 and 5; supplemental irrigation markedly
enhances productivity in the other zones. Planners recommended that
wheat be grown in zones 1 and 2 and in the fully irrigated areas.
However, rainfed wheat in zones 3, 4, and even 5 still constitutes
about 12% of total wheat area.

Planning began by setting national production targets. Then
the technical requirements for production were considered, to
determine the allocation of resources across stability zones and
irrigated areas needed to achieve those targets. Two production
aspects were stressed. The first was the introduction of modern
technology at the farm level, machinery, irrigation systems, new
wheat varieties, fertilizers and other inputs. The second was the
provision of econcmic incentives to producers. Modern inputs were
made available to them through government agencies at subsidized
prices. Wheat was then bought from farmers at fixed supported
prices, durum wheat prices being set slightly higher than bread
wheatﬁprices. In general, because modern inputs were in short

supply, pricrity in their provision was given first to fully
irrigated areas, then to zone 1, then to zone 2. An important
exception was the southern Hauran region where the local durum
variety was encouraged to the exclusion of modern varieties,

although other modern inputs were made available.

5.1.4 National trends

The most noticeable features in the national trends of annual wheat
area and production (Figures 5.1.1 and 5.1.2) are: (1) general
decline in total area, (2) increased use of HYVs instead of local
varieties, (3) increase in irrigated area, and (4) large year-to-
year fluctuations in total production but without a noticeable trend
since 1974. Whereas Iirrigated yields show overall improvement,
rainfed yields are less easily interpreted (Figures 5.1.3 ard
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5.1.4). Indeed, once HYV rainfed yields are adjusted for rainfall
variation according to water-use efficiency indices, there is no
significant trend either upwards or downwards. Nonetheless, HYV
yields are almost invariably higher than local variety yields under
both rainfed or irrigated corditions.

The reduction in total area and the seeming failure to improve
rainfed HYV performance may be due to changes in the geographic
distribution of wheat. Although a definitive statistical study
remains to be done, observation and informed opinion suggest that
“Yainfed wheat is being replaced at the wetter end of the spectrum by
_other, perhaps more valuable crops, while at the drier end more HYV
wheat is being grown. Such shifts would encourage continued yearly
moduction and yields and detract from the
performance of rainfed HYV wheat. About 21% of the area planted to

HYVs is currently in zones 3, 4, and 5. This constitutes some 55%

of the total rainfed wheat in these zones. According to official
statistics, in 1990 HYV's covered some 73% of the total area, 95% of
the irrigated area, and 67% of the rainfed area.

Although HYV wheat demonstrates a definite advantage over
local wheat in rainfed areas, the largest contributor te increased
productivity, according to published statistics, is the combination
of irrigation and high-yielding varieties. The significance of
irrigation alone is indicated by the higher yields obtained from
irrigated local wheat compared with rainfed HYV wheat over the past
decade.

The growth of irrigation in Syria has been remarkable, more
than doubling since 1973. Fully irrigated wheat area has expanded
in a similar fashion, from 9% of total wheat area in 1973 to 20% at
the end of the 1980s. Irrigated high-yielding varieties now provide
slightly less than half of national production. Mcreover, there is
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a noticeable trend of increasing yield in irrigated wheat but no
corresponding improvement of rainfed HYV yields.

Government statistics do not differentiate between areas of
full and supplemental irrigation. Riverine and canal irrigation is
considered full irrigation but so also are individual, farm-based
purp well systems, whether or not the farmer elects to use this
resource merely as a supplement to rainfall. The statistics record
the rated capacity of pump wells to fully irrigate a certain number
of hectares, although in practice farmers may be using the same
wells to supplementally irrigate a much larger area. Thus, the
published figures underestimate the total area receiving irrigation
water.

The first improved wheat varieties in Syria were Florence
Aurore (a bread wheat) and Senator Capelli (a durum wheat). These
were joined by Jouri 69 (durum) and Mexipak (bread), both released
before 1973. At that time, high-yielding varieties accounted for
about 15% of the total wheat area. Florence Aurcre and Senator
Capelli have since been officially reclassified as local varieties,
but between 1973 and 1987 a total of nine new varieties were
released (six durum and three bread wheats). To a very limited
degree, the varieties were targyeted to different environments: zone
1, zone 2, full irrigation in any zone, or a combination of these
(see Table 5.1.1}). Associated technology, such as fertilizer
recommendations, are based on zones rather than varieties. Seeds
are multiplied by the General Organization for Seed Multiplication
(GOSM) under contract to producers and made available to farmers
through governorate and local outlets. The seeds are usually
treated for seed-borne diseases and pests before sale to farmers.

Govermment planners and executing agencies achieved notable
success in having the new production technology adopted by farmers.
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Mechanical tillage, planting, and harvesting; high-yielding
varieties; fertilizers; and chemical weed and pest control are
commen. However, published statistics provide only area figures and
average yields. They do not, for example, record distribution of
varieties, varietal performance, or adoption rates among farmers.
Nor do they address questions regarding differential adoption
according to farm and farmer characteristics or adoption of multi-
component "packages" of new technology. It was largely to address
these gaps in our understanding of technology uptake that DSAR and
ICARDA undertook the present study.

Table 5.1.1 High-yielding varieties in Syria, 1990

Name of Type Release Target Experimental yields
variety date environment (average, various
years)

Jouri 69 Durum 1970 Irrig.& zone 1 -
t/ha (rainfed)

Mexipak Bread 1971 Irrig.& zaone 1&2 3.0

Jezirah 17 Durm 1974 TIrrig.& zone 1 4.5 t/ha (irrig.)
3.0 t/ha (rainfed

Bohouth 1 Durum 1980 Irrig.& zone 1 5.0 t/ha (irrig.)

Cham 1 Durum 1983 Irrig.& zone 1 4.5 t/ha (irriqg.)

Cham 2 Bread 1983 Irrig.& zohe 1 4.5 t/ha (irrig.)

Cham 4 Bread 19856 Irrig.& zone 1 5.0 t/ha (irrig.)
4.0 t/ha (rainfed)

ACSAD 65 Durum 1986 Zones 1 & 2 -

Cham 3 Durum 1987 Zone 2 -

Bchouth 4 Bread 1987 Irrig.& zone 1 3.2 t/ha (rainfed)

Bchouth 5 Durum 1987 Irrid.& zone 1 7.5 t/ha (irrig.)

Source: MARR and ICARDA Cereals Program

5.1.5 Survey sample and geheral characteristics

A formal survey sample was selected on the basis of published wheat
production statistics. Farmers were chosen at random within
districts selected according to stability zone and contribution to
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national production. For purposes of characterization and
tabulation, the districts were grouped into five regions: (1) West
Region, (2) al-Ghab Region, (3) al-Jazirah Region, @ al-Furat
Region, and (5) Hauran Region (see Figure 5.1.5). Farmers were
located in stability zones 1 and 2, except for al-Furat farmers, who
rely on full irrigation from the Euphrates River.

SYRJAN ARAB REPUBLIC

ity Zores and Survey Regiors

Al=yazirah

¢ -AL=RAQQA

T ik-Furat

‘ MAP LESEND
i
t
i

! » City
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| .7 Survey 2eqfon 3oundary !

Figure 5.1.5 Stability zones and survey regions

Because no current agricultural census is available, the
mumber of sample farmers in each region was based on practical
considerations, representativeness, and relative wheat area. The

wheat area cultivated by the farmers of each regional sample was
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roughly proportional to the total wheat area of that region, except
in al-Jazirah, where the coverage in terms of area was much greater.
In part, this was due to the much larger farms in al-Jazirah and, in
part, to the large contribution of al-Jazirah to national
production. It is recognized that this leads to a bias in farm size
distribution within the total sample by overweighting the importance
of the large al-Jazirah farms, but the sample was not meant to be
representative of farm size per se. Rather, the purpose was to
describe and characterize wheat technology adoption and impact
across a range of farm types in different locations.

In general, the West region showed the expected distribution
among small to medium sized farms (Table 5.1.2). Hauran farms
ternded to ke neither very small nor very large, and al-Jazirah farms
were medium to large. In al-Ghab and al-Furat most farms were small
because of their recent history of agrarian reform, irrigation
develcpment, and settlement.

Some interesting comparisons emerge in the cropping systems,
according to region, farm size, and source of water (Tabkle 5.1.3).
Hauran, for example, presents the clearest case of 'traditicnal"
differentiated dryland cropping, with large fallow areas and a wide
range of crops. By contrast, al-Jazirah is cereal culture at its
most: extreme in Syria, with some 81% of the arable devoted to wheat
and barley. Al-Ghab and al-Furat combine wheat with mainly
industrial crops (e.g. cotton and sugar beet). The West region is
as diversified as Hauran, but without much fallow. Instead, cther
crops (mainly market vegetables) replace fallow, and barley
substitutes for forages. Higher soil moisture availability
and greater incidence of supplemental irrigation in the West make

possible a more intensive land use than in Hauran.
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Table 5.1.2 Sample distribution: farm size by region*

Farm size West reg. Al-Ghab Al-Jazirah Al-Furat Hauran Row

total
0-5 ha 24 15 3 10 52
46.2 28.8 5.8 19.2 22.7
30.0 75.0 3.4 50.0
10.5 6.6 1.3 4.4
>5-10 ha 15 1 14 8 5 43
34.9 2.3 32.6 18.6 11.86 18.8
18.8 5.0 15.7 40.0 25.0
6.6 -4 6.1 3.5 2.2
>10-20 ha 25 2 24 1 8 60
41.7 3.3 40.0 1.7 13.3 26.2
31.3 10.0 27.0 5.0 40.0
10.9 .9 1.5 A4 3.5
>20-50 ha 3 1 31 1 6 52
25.0 1.9 59.6 1.9 11.5 22.7
16.3 5.0 34.8 5.0 30.0
5.7 .4 13.5 .4 2.6
>50 ha 3 1 17 1 22
13.6 4.5 77.3 4.5 9.6
3.8 5.0 1c.1 5.0
1.3 .4 7.4 .4
Column 0 20 89 20 20 229
Total 34.9 8.7 38.9 8.7 8.7 100.0

* Numbers, from top to bottam, in each cell are number of farmers, row percent,
column percent and percent of total.

Some 69% of the sample farmers had access to at least one
source of Irrigation water, such as canals, rivers, or pump wells.
This figure is no doubt high for Syria as a whole but less sc for
farmers in the region surveyed, which includes major irrigation
schemes in al-Ghab, al-Furat, and the West region. It is impossible
to quantify any sample bias regarding access to irrigation, because
national and district figures for mumbers of farmers with irrigation

water do not exist.
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The situation is different, however, if we consider wheat area
under irrigation. Within the survey sample, about 8% of farmers
with access to irrigation water did not irrigate their wheat crop.
Most of these farmers are in the higher rainfall zone and use their
punp wells for higher value crops, especially cotton and summer
vegetables. The irrigated portion of total wheat area covered by
the survey was 35%. This is higher than the latest (1987) official
figure available for the sampled districts, which is 23%.

These differences can be reconciled in part by considering the
rapid growth of govermment schemes and local pump well systems,
particularly in the West and al-Jazirah. Unofficial estimates say
thousands of new pump systems have been installed in al-Jazirah
alone since 1987, and the survey tends to confirm that, with
irrigated area in this region jumping from 13% in 1987 to a surveyed
value of 30% in 1991. Irrigated wheat in the West, through smaller

areas are involved, shows a similar increase.

But new irrigation systems alone do not account for the
disparity between survey figures and official statistics. More
important is the type of irrigation reported. As noted earlier,
official statistics are calculated on the basis of rated full
irrigation potentials only; they do not include supplemental
irrigation. The survey covered both methods. Of the total surveyed
wheat area, 20% was under supplemental irrigation and 15% full
irrigation. Using a rough multiplier of 0.5 to convert the actual
observed supplemental area into its full irrigation eguivalent, the
irrigated area becomes 25%, or slightly less than a 10% increase
since 1987. This would seem reasconable.

The survey has been important in estaklishing three points
about recent wheat irrigation trends in Syria. First, the irrigated

area has continued to increase despite a general decrease in total
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wheat area over the past five years. Second, supplemental
irrigation of wheat is more widespread than full irrigation, and
this situation is particularly marked in the West region and al-
Jazirah. Third, farmers do not appear to select varieties for
irrigation on the basis of respense to extra water. This point will
be further elaborated in the following sections.

5.1.6 Use of modern technoleqy

The evidence is clear that, given the opportunity and wherewithal,
farmers will adopt irrigation technelogy. The bkenefits of
irrigation in terms of higher vyields are obvious. Moreover, the
majority of wheat producers with access to irrigation water apply at
least some of it to wheat; 92% of surveyed wheat producers with
water irrigated all or part of their wheat crop. Aabout 44% of them
used only supplemental irrigation, 34% used full irrigation, and 22%
followed a mixed strategy.

Wheat producers have equally embraced mechanization: 99% of
surveyed farmers used a tractor for pre-seeding tillage; 69% used
some sort of machine for seeding, the rest relying on hamd
broadcasting; and over 90% harvested by machine. The incidence of
hand harvesting was significant cnly in the Hauran (just over half)
and in al-Furat (40%). In the latter, many plots are small and
separated by bunds for basin irrigation, which makes mechanization
of harvest difficult with existing equipment.

Only 5% of farmers did not use nitrogen fertilizer in 1991. Of
those who did, 64% made two applications, one at planting armd one
later, 16% applied nitrogen only at seeding, and 20% only later.
Those not using nitrogen tended to be non-irrigators, on rainfall
alone, although the majority of rainfed wheat farmers did apply
nitrogen.
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Phosphate fertilizer was applied by 87% of the farmers
surveyed. Regijonal distribution of non-phosphate users was fairly
even, except in al-Ghab where only 50% of the farmers used phosphate
in 1991. Al-Ghab accounts for one-third of the farmers not using
phosphate.

Herbicide has the lowest adoption rate of the major external
inputs. Fifty-four percent of surveyed farmers applied herbicide to
at least one of their wheat fields. The majority of non-users were
in al-Jazirah region (74% non-use), but non-use was also high in al-
Furat and Hauran, at 55% and 45%, respectively. Herbicides were
most popular in al-Ghab (100% use) and the West (76% use). In
total, the West accounted for 44% of herbicide use in the sample,

and al-Jazirah accounted for 63% of non-users.

Varietal adoption shows a more complex pattern. There has been
a dramatic increase in total area sown to improved varieties over
the past twenty years, and the 1991 farmer survey broadly confirmed
the trends in HYV adoption presented by the official statistics.
Table 5.1.4 looks specifically at the districts surveyed in 1991 and
compares the results to the statistics for 1987 (the latest year of
published district data).

Overall adoption moved from 66% to 87% of the total area
between the 1987 and 1991 harvests. However, the pace of charge
differed between water regimes and locations. Specifically,
increases in HYV adoption over the past four years were apparently
most significant among rainfed zone 2 producers and farmers located
in the West and al-Jazirah. Hauran has still not seen the
introduction of new varieties, and irrigated areas, like al-Ghab and
al-Furat, were already almost entirely under HYV wheat.

The large increases in rainfed HYV area call for further
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Table 5.1.4 Comparative HYV adoption (% wheat area) in survey
districts, 1987 and 1991

Area in HYV wheat (%) %
Official statistics Survey Increase
1987 1991 1987-91
Total of districts sampled 66 87 32
Full irrigation 97 100 3
Supplemental irrigation n.a. o8B -
Rainfed (total area) 57 81 42
Rainfed, zone 1 78 85 9
Rainfed, zone 2 34 58 70
West Region 64 85 33
Al-Ghab 99 100 1
Al~Jazirah 69 91 32
Al-Furat 100 100 -
Hauran a 0 -
Sources; MAAR (1987) and 1991 survey
attention. First, it must be recognized that the survey

inadvertantly underrepresented certain zone 2 rainfed areas in the
West region, especially in Hama and Homs governorates. In the 1987
statistics these areas have very low HYV adoption rates, and the
1991 sanmple size may have been too small to give a truly
representative picture. Next season, greater emphasis will be put
on rainfed zone 2 farmers in the West region. Secordly, the survey
indicated important changes in the West and al-Jazirah, with
increases of 33% and 32% in the proportion of area grown in HYVs.
Statistically, the apparent recent shift in al-Jazirah is crucial at
the national level because of the vast wheat areas in that region.
Although the 1991 survey more than adequately covered zone 1 rainfed
farmers in al-Jazirah, zone 2 neads more attention. Thirdly, there
is the issue of supplemental irrigation, a situation not accounted

for by national statistics. In terms of area, supplemental
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irrigation is impertant in the West and al-Jazirah; and, since
farmers using supplemental irrigation overwhelmingly utilize HYVs,
we can reasonably assume that recent growth in area under
supplemental irrigation goes a long way towards explaining the rapid
expansion of HYV area in both regions,

5.1.7 Variety distribution

Unlike the official statistics, the 1991 farmer survey allows us to
lock at patterns of varietal adoption in several dimensions (Table
5.1.5). The first dimension is spatial distribution of varieties.
For example, Cham 1 covers 23% of the total area, but only 14% of
the West region. Table 5.1.5 also includes the weighted average
ages (WA) for the total and regional HYV areas. The WA measure,
developed by Bremnan and Byerlee (1991), is useful in comparing
rates of varietal change and replacement over time and across
regions. It can be seen that varietal distribution within regions
is uneven. For example, Hauran contains only a single variety
(local Haurani), ut the West ard al-Jazirah are more heterogeneous,
with no single variety occupying more than 28% in either region.
Al-Furat, the exclusively irrigated Euphrates basin, is dominated by
Mexipak {bread wheat) and Bohouth 1 (durum wheat), both relatively

old varieties.

In the varietal distribution across regions, al-Jazirah
accounts for most of the sown area of all but a few of the numerocus
varieties (Table 5.1.5). The exceptions are Bohouth 1, which is
predominantly an irrigated variety, and the six HYV and five local
varieties of minor importance. Interestingly, more Haurani is grown
in al-Jazirah than in Hauran itself. Some 82% of all HYV wheat is
grown in al-Jazirah. So, thus, if the proportion of a particular
variety grown in al-Jazirah is greater than 82%, then there is a

relative concentration of that variety in al-Jazirah. For example,
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Cham 3 and Cham 4 could both be characterized as essentially "al-
Jazirah varieties", but Cham 1 and Mexipak could not.

The second dimension considered is distribution of varieties
across the three water regimes: rainfed, supplemental irrigation,
and full irrigation (Table 5.1.6). This invites comparison with the
target enviromments listed in Table 5.1.1. For example, Cham 3, the
only variety exclusively targeted for rainfed zone 2, is, in fact,
the only major variety not grown under rainfed conditions in zone 2.
Instead, 46% of the area sown to Cham 3 in 1991 was in rainfed zone
1, while the remaining 54% was under some form of irrigation,
Admittedly, some 93% of supplementally irrigated Cham 3 is located
in zone 2, kut the use of irrigation water here obviates to a large
extent the drier rainfall conditions.

Along with Cham 3, the predominantly irrigated varieties are
Bohouth 1, Jazirah 17, and the six minor HYVs. Mexipak, the
principal bread wheat variety in Syria is mostly rainfed (74%),
despite its importance in al-Furat region. Iocal varieties are
usually rainfed, and Haurani makes up 40% of rainfed zone 2 wheat,
the highest proportion at any single variety under any one water
regime. The nearest competitor in this is Cham 1, which accounts
for 31% of all wheat under full irrigation. Nevertheless, the
striking feature of Table 5.1.6 is the large number of varieties
grown under each water regime. The only possible exception is full
irrigation, but even here over half the available varieties are

represented.

The weighted average ages (WAs) of HYV areas raise same
interesting observations. First, the survey average of 9,7 years is
rather high for a developing country, though not outside the general
range. It indicates a fairly low rate of varietal replacement: cnce
farmers adopt an HYV, they tend to retain it rather than try a newer
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variety. Moreover, recent adopters not infrequently began with
fairly old HYVs instead of more contemporary ones. Pre-1981
varieties, such as Mexipak, Jazirah 17, and Bohouth 1, contimue to

be popular.

The WAsS across regions may indicate adoption patterns. The
fully irrigated al-Furat has the highest WA, and national statistics
indicate that this region was the first to experience a high
incidence of HYV adoption (in the 1970s). The West followed
somewhat later, and al-Jazirah most recently. The exception is al-
GChab, but here the relative importance of Cham 1 indicates that
there has been some variety augmentaticn or replacement.

The weighted average ages for water regimes are less easily
interpreted. They are higher than the overall average, except for
supplemental irrigation. That for full irrigation is high, even
though al-Furat itself constitutes only 17% of the full irrigation
area. This is due to the continued importance of older varieties
such as Jazirah 17, Mexipak, and Bchouth 1 in all fully irrigated
areas. Rainfed zone 2 is the most interesting case. In this area
of relatively recent HYV adoption, the clder varieties Mexipak and
Jazirah 17 account for about two-thirds of the WA. However, with
the exception of Cham 3, ncted earlier, there are no new varieties
expressly developed for the drier areas. This illustrates that WA
can be high even in areas of fairly recent adoption if the HYVs

utilized are themselves of older vintage.

The third dimension is the farmers. Table 5.1.7, showing the
distribution of varieties among producers, should be viewed in
conjunction with Table 5.1.3. The first column indicates the
relative "popularity" of varieties. Cham 1 is grown by the largest
number of farmers, followed by Mexipak and Haurani; but farmers
often produce more than one variety, and the average number of
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varieties per farmer is given on the bottom line. The second column
shows the average areas per producer. These numbers are, of course,
heavily influenced by the situation in al-Jazirah where larger farms

predominate.

Some interesting contrasts are revealed. For example, Cham 3
is characteristically grown by large farmers, but the area they
plant to Cham 3 is significantly higher than areas of other
varieties only in al-Jazirah. This indicates large-scale commercial
production of Cham 3 in al-Jazirah but not elsewhere. Similarly,
Haurani has received the commercial attenticn of a small percentage
of al-Jezirah farmers. 'The most "normative® variety, in terms of
distribution among farmers and regions and in terms of conforming to
norms in farm size and area per farm, is Mexipak. This observation
is reinforced by the distrilbution of Mexipak across water regimes
(Table 5.1.6). Secord place would go to Cham 1. Both are widely
adapted varieties which have a fairly long history of success with
Syrian farmers.

5.1.8 HYV adoption patterns

This section examines the distribution of varieties within
individual farms and the changes that have taken place over time.
Surveyed farmers are put into five groups according to the kinds of
wheat they grow: HYV durum producers only; HYV bread wheat
producers only; HYV durum and bread producers; HYV and local variety
producers; and producers of local varieties only (Table 5.1.8). As
can be seen, producers of only HYV durum constitute 51% of the
sample, whereas HYV bread wheat only covers 11%. These two groups
average slightly over one variety per farm. Farmers growing a mix
of HYV bread and durum or HYV arxd local wheat are more diversified
and grow more than twice as many varieties per farm. The most

specialized, with fewest varieties per farm, are producers growing
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local varieties only. Each farmer in this group grows one variety
only.

Across the regions, the West is the most diversified and
contains representatives of all groups. Hauran, producing just a
single local variety (Haurani), is the least diversified region.
The mix of local variety with HYV was found on only 9% of surveyed
farms and only in the West and al-Jazirah; but this group represents
almost one in five of West region farms.

Surprisingly, there are more HYV bread-wheat specialists in
rainfed zone 2 than HYV durum specialists (Table 5.1.9). Less
surprisingly, 77% of rainfed zone 2 farmers are growing local
varieties only. The relationship between irrigation and HYVs is
clear: farmers able to irrigate their entire crop tend to specialize
in either HYV durum or HYV bread wheat. For those growing both HYV
durum and bread wheat, there are no great differences in relative
frequency between rainfed zone 1, full irrigation, and mixed
rainfed/irrigated.

The results indicate that few farmers grow local varieties once
they have adopted HYVs. This runs counter to the helief that Syrian
farmers continue to grow even a small field of local wheat for
household consumption while using HYVs as a cash crop. Only 10% of
farmers do this.

In order to represent changes in producer decisions over time,
HYV farmers have been classified into adoption cohorts according teo
when they first began to grow HYVs., Two general observations can be
made about these cohorts and their variety mixes in 1991 (Table
5.1.10). First, specialization, producing either HYV durum cr HYV
bread wheat (kut hot both), tends to come early in the adoption
process. Farmers appear to make an initial choice about which type
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Table 5.1.9 Percentages of farmers using different variety mixes
within water regimes

Water regimes

Farm Groupings Rainfed Rainfed Supp. Full Mixed
zone 1 zone 2 irrig. irrigation regime

HYV durum varieties 48 4 77 &0 31
only
HYV bread varieties 7 15 8 20 6
only
Mix of HYV
curum and bread 19 - 9 20 28
Mix of HYV and local 12 4 5 - 28
Iocal varieties only 14 77 1 - 7
Totals 100 100 100 100 100

Source: 1991 survey

Table 5.1.10 Variety mixes according to adoption cchorts*

Cohorts
1 2 3 4 Total
before 1976 1976-80 1981-85 1986-90 %
Variety mixes n=11 n=27 n=25 n=108 n19
HYV durum 46 56 61 60 59
HYV bread 9 22 12 11 13
HYV durum & bread 45 18 15 17 18
HYV & local varieties - 4 12 12 10
Totals 100 100 100 100 100

* Numbers represent percentages of each cohort.
Source: 1991 survey

of HYV wheat to grow and then stick with that cheice. Second, few
farmers continue to grow local varieties as well as HYVs. In the
latest cohort (one to five years experience of HYVs), only 12% of
farmers still grow local varieties. This proportion persists into
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the next older cchort, but by the time farmers have been using HYvVs
for more than 10 years, the incidence of local varieties is down to
4%. In the older cohort (15 or more years), there are nc farmers

growing local wheat varieties,

Overall, adoption has followed a fairly standard geometric
progression (Table 5.1.11). The percent of new adopters has roughly
doubled every five years until virtually the maximum has been
reached in all regions except Hauran. Hauran is a special case, arnd
the absence of HYVs in this region is probably due more to external
factors than to strictly producer choices. Table 5.1.11 alsc
confirms the correlation between early adoption and irrigation.
Note the higher proportion of early adopters in the two irrigation
development areas of al-Furat and al-Ghab; and the weight of
evidence suggests that the rapid growth of HYVs in the West and al-
Jazirah is connected with the spread of supplemental irrigation
there over the last 10 years.

Table 5.1.11 Distribution of cohorts within regions*

Regiong
West al-Ghab al-Jazirah al-Furat Hauran Total
Cohorts n-80 =20 =89 =20 =20 %
1. Adopted before 1 15 3 20 - 5
1976 =11
2. Adopted 1976-80
n=27 5 30 9 45 - 12
3. adopted 1981-85
=52 33 45 13 30 - 23
4. Adopted 1986-90
=108 47 10 75 5 - 47
Non-adopters =31 14 - - - 100 13
Totals 100 100 100 100 100 100

* Figures in columns represent percentages within each region
Source: 1991 survey
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Examinirgy the characteristics and selection behaviour of HYV
producers in more detail (Table 5.1.12), we find that early adopters
have the highest ratic of irrigated to rainfed production (82% have
some form of irrigation and 45% have full irrigation). These high
values continue into the second cchort, ut drop for the later two
cohorts. The drop is particular marked for full irrigation, and
supplemental irrigation becomes relatively more important. The
specialization ratio refers to the proportion of farmers specialized
into the type of HYVs they grow: either all durum or all bread
wheat. Specialization is fairly consistent except for the first
cohort (compare with Table 5.1.10).

Table 5.1.12 cCharacteristics of adoption cchorts

Characteristics Cchorts based on time of HYV adoption Average
1 2 3 4 for

(ratios expressed before 1976 1976-80 1981-85 1986-90 Total
in fraction of 1.00) n=11 n=27 =52 =108 =198
Irrigation*/full

irrigation ratios .82/.45 .81/.56 .65/.19 .72/.19 .72/.25
Specialization ratio** .55 .78 ) .71 .72
HYV replacement ratio - .07 .13 .03 .06
WA of HYV area (yrs) 15,1 14.7 11.9 8.8 9.7
Avg. varieties per

farmer 1.5 1.2 1.3 1.5 1.4
Avg. new varieties

per farmer 0.5 0.1 0.2 n.a. 0.2
New varieties ratio 0.33 0.08 0.15 n.a. 0.15

*  Irrigation includes access to supplementary and/or full irrigation source

*%x  Specialization defined as producing exclusively either YV durum or HYV
bread, but not both, and no local wheat

%% New varieties are those release after initial adoption period for each
cohort. New varieties are not applicable (n.a.)} to cohort 4, and totals are
based on cohorts 1, 2, and 3 only.

Source: 1991 survey

The HYV replacement ratic shows the frequency with which
farmers have discarded initial HYVs. For example, nc farmer in
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cohort 1 has ever stopped growing any HYV variety, but 13% of
farmers in cohort 3 reported replacing one or more HYVs with cthers
since their original adoption. These ratios are low for all
coherts, reinforcing the earlier observation about the persistence
of initial variety choices (Table 5.1.10}. The non-replacement of
initially chosen varieties is well reflected in the weighted average
ages of the HYV varieties grown by each cohort.

While farmers may not replace the varieties they initially
adopted, they can choose to add a newer variety to the repertory
they grow. This behaviour is reflected in the average new varieties
per farmer {Table 5.1.12). Of course, each cchort had a different
number of varieties available to it originally. Cchort 1 (adoption
prior to 1976) had a choice among only the four varieties released
prior to 1976; cohort 2 had an initial choice among five varieties,
cohort 3 among seven varieties; and cohort 4 had the full range of
the 12 varieties released between 1970 and 1987. Post-adoption
choice differed conversely. Thus, cohert 4, having adopted during
the last five years, has had no new varieties to select from.

For the first three cohorts, the average number of varieties
added after the initial adoption period is only one per five
farmers. The new varieties ratio (Table 5.1.12) shows the
proportion of newer varieties, released after the initial adoption
period, now grown by farmers in each cohort. The ratio is low
across all cohorts, demonstrating both low replacement and low
addition rates. In essence, the varietal selection behaviour of
Syrian wheat producers appears to lack dynamism. Alternatively, it
could be said that farmers do not recognize a great deal of
difference among the HYVs, except for the basic distinction between
durum wheat and bread wheat. Wwhen farmers make a change, it tends
to be the addition of a new variety to the existing mix rather than
the replacement of old with new. This finding is of fundamental
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importance in determining the impact of new varieties on the farming
system and especially on the nature of farmer linkages to external
institutions such as markets and government agricultural
organizatiocns.

For example, a conmon theory about the impact of new technology
is that it stimulates differentiation and specialization amorgy
producers (Liptcn 1989): farmers respond to the economic incentives
of the marketplace or govermment institutions by specializing in
those products for which they have a comparative advantage and which
will, therefore, give the highest benefits. Adoption of improved
varieties is a response to higher yields and higher net returns;
and, within the range of choice of new varieties, farmers select and
specialize in those varieties that give them the best return under
prevailing economic conditions. Individually, farmers are presumed
to go through a process with recognizable phases: originally growing
local varieties; then adopting and experimentating with a range of
Hyvs while continuirng to grow some local varieties; then a more
intensive selection phase focused on HYV alternatives; and finally
a gpecialization phase in which the farmer settles on one or two
varieties that give the best return; and this process is accompanied
by a gearing of production to the market or progress towards full
commercialization, in which both output and inputs are oriented to
external linkages.

There is little evidence that any process of specialization and
cormercialization has occourred among the surveyed farmers. Syrian
wheat producers, both HYV and non-HYV growers, are now very much
oriented towards external linkages. Seed source and harvest sale
are two excellent indicators of linkages with wider systems.
According to survey results, the government seed crganization is the
sole source of supply for just over 77% of HYV producers. Self-

provisioning and neighbours together account for only 12% of seed
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needs of such farmers. The govarmment is also the seed source for
77% of local variety producers. On-farm sources cover another 19%,
and the remainder are obtained from the market.

Percentage of harvest sold is similar. HYV producers sell, on
average, about 88% of their harvest, and the bulk of this goes to
the govermment mwarketing organization (where the purchase price is
usually as good or better than the open market). In terms of degree
of comrercialization, there is very little difference between
producers of improved and unimproved vheat: 79% of HYV producers,
and 74% of local wheat producers, sell between 75 and 100% of their
harvest each year. Moreover, there are no significant differences
in the external sources of inputs or degree of harvest sale between
the different variety mix groups. Those who grow HYV durum only are
no more market-oriented than those diversified farmers who grow HYV
durum, HYV bread and local wheat.

These findings underline the success of the Syrian government
program to introduce modern technology into national wheat
production. Moreover, they demonstrate that external resources and
commercial considerations are important for all wheat producers,
including those who continue to grow local varieties exclusively.
In terms of farmer characteristics and use of resources, local
varieties should be viewed in much the same way as HYVs.

5.1.9 HYVs and associated technecloqies

HYVs are rarely introduced to farmers as isolated improvements. New
varieties are usually accompanied by changes in crop management
practices, Most frequently cited are chemical fertilizers,
herbicides, and new agronomic practices. HYV adopters were asked in
the survey whether they had changed their production practices for

the new varieties. A majority said they had made at least one
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change, and many listed additional ones (Table 5.1.13). An
increased seed rate was the most frequent change associated with HYV
adoption, but increased fertilizer use was almost as common.

Table 5.1.13 cChange in production practices asscciated with HYV
adoption#

Cohorts % Positive
1 2 3 4 reply for
Changes in pre-1976 1976-80 1981-85 1986-90 total
=11 n=27 n=52 n=108 =198
Increase seed rate 55 52 39 60 53
Increase use
Nitrogen fert. 55 63 44 47 49
Increase use
Phosphate fert. 46 €63 39 45 46
Increase number of
tillages 36 48 19 30 30
Increase herbicide
use/rate 27 39 19 16 20
shift HYV wheat to
more fertile soil 18 26 12 6 11
Estinate yield
increase 24% 50% 50% 51% 49%

* Numbers represent percentages of farmers giving positive replies. Those
giving no answer are counted as negative replies
Source: 1991 survey

Farmers were asked to estimate the percentage yield increase
experienced when they adopted HYVs and the associated new preduction
practices. The striking thing in their answers is the gap between
cohort 1 and the other cohorts (Table 5.1.13). Either the
relatively more experienced early adopters were more realistic than
their colleagues about the increases obtained or the gap is a real
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one and requires a technical explanation. The differences in

weighted average age of the cohort 1 varieties may provide a clue,

but similar differences exist among the other cohorts. Such

considerations of impact will be addressed in Part II of this study.
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5.2 Impact Assessment of Supplemental Irrigation (ST) eon
the Productivity, Stability, and Sustainability
of Rainfed Wheat-Based Farming Systems in Syria

Abdul Bari Salkini

5.2.1 Methodological issues

Impact assessment and evaluation of the changes brought by
supplemental irrigation (SI) reguires the adoption of the farming
systems research approach. However, farming systems or, as Marten
(1988) called them, agroecosystems, are complex. The numerous
ecological processes that tie people, crops, weeds, pests, animals,
micro-crganisms, soil and water together into a functioning, on-
going farming system are so intricate that they can never be fully
described, or fully comprehended. Simplification is a practical
necessity of analysis. Simplification is also essential to
communicate the results of analysis effectively to farmers. The
dilemma is how to simplify without losing the essence of key
relationships in the farming system as a whole.
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One approach to simplification is system properties, which
each combine large numbers of farming system processes into a
single, highly-aggregated measure of performance that suggests how
well a farming system is meeting human objectives. The Southeast
Asian Universities Agroecosystem Network (Gypmantasiri et al. 1980;
Conway 1985; Rambo and Sajise 1985; Rerkasem and Rambo 1988) have
focused on five system properties. These are:
i) productivity, defined as the quantity of food, fuel or fibre

that an agroecosystem produces for human use;

il) stability, in the sense of production consistency;

iii) sustainability, defined as the system ability to maintain a
special level of productiocn over the long term;

iv)  equitability, or sharing agricultural production fairly, and;

V) autonamy, or agroecosystem self-sufficiency (Marten 1988).

These properties (Figure 5.2.1) are referred to as system
properties (or ‘emergent' properties) because they derive from the
system as a whole rather than from any one of its parts. The
productivity of an SI-wheat farming system is not determined simply
by the yield potential of the particular wheat varieties that are
employed. Actual yield depends upon the hydrological and
nutritional environment the crop experiences at each successive
stage of growth, which is, in part, a conseguence of how farmers
manage the crop. The wheat productivity is therefore a consecquence
of the functioning of the total interactive agricultural-

envirommental-social system.

A major reason for evaluating such properties is to compare
the performance of alternative forms of agriculture (Conway 1985).
This is basically the aim of this research. with 8I, the
productivity of the rainfed system is enhanced because yields per
hectare can be considerably higher, because a wide variety of crops
can be grown at a greater cropping intensity; and, also, because the
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Figure 5.2.1 Indicators of agricultural performance
(after Conway, 1987)

improved water supply provides an opportunity to grow crops of
higher value than the rainfed crops.

If the irrigation system is reliable, stability also increases
as farmers are liberated, to some extent, from the vagaries of
rainfall. These gains are sustainable, however, only if the
irrigated agriculture does not encounter serious problems, such as
salinization, or administrative problems in the irrigation system

that cause its performance eventually to decline.



212

If those fields near the main canal in a canal system of
irrigation receive a better water supply than fields at the end of
secondary canals, there may be considerable variation in producticn
from one landholding to another. Bquitability is then less than it
was without irrigation, when producticn was uniformly low. Further,
the autenomy of the farmers is reduced, as they are compelled to
deal with irrigation officials; as they use exctic high-vielding
varieties and associated techrnologies (fertilizer, pesticides,
herbicides, etc.); and as they produce larger quantities of crops

for a market econony.

vhile there are many good reasons to assess these farming
systems properties, neither their measurement neor their
interpretation is as simple or straightforward as one might like
(Dillon 1976; Hardaker et al, 1984; Conway 1985; Marten 1988).
Common measures of productivity (Conway and Barbier 1990) are yield
or income per hectare, or total production of goods ard services per
household or naticn; but a large mumber of different measures are
possible, depending on the nature of the product and the resources
being considered. Stability, defined as the constancy of
productivity in the face of small disturbing forces arising from the
normal fluctuations ard cycles in the swrrounding physical,
biological, social and economic environments, can be measured by the
coefficient of variation in productivity determined from a time
series of productivity measurements. Since productivity may be
level, rising, or falling, stability will refer to the variability
about a trend. Sustainability concepts, definitions, and
methodologies are still evolving, as sustainable agriculture
represents a new, and as yet barely tried, phase in development
thinking. However, defined as a determinant of the persistence or
durability of a system's productivity and stability in the long-run,
sustainability can be assessed by trend analysis of productivity in
a long time series. Intuition and common sense {Hardaker, et al.
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1984) can also be used to assess the impact of new technology on
system properties. Intuition is used in discussing the
sustainability of SI systems by inspecting the level of a system's
reliance on both 'internal' and 'external' resources. The greater
the reliance on internal resources the more sustainable the system
night be.

In this research, the data of farm and village swurveys
conducted in 1988/89 major wheat-producing areas in northwest
{Aleppo) and northeast (Hassakeh) Syria, and the experimental
results of 4-year trials on SI are used, in the main, to realize
this objective. However, other data sources (cursory survey
conducted in 1987, and secondary data) are also used.

To quantify the changes in productivity of c¢rop production for
the farm as a whole, charges in the cropping pattern (crop types,
and cropping intensity) are defined. Incorporating these with the
changes in crop yields, the physical productivity (in terms of total
agricultural production on the farm) is quantified for each of the
rainfed and ST systems, i.e., the total quantity of crop products
with and without SI is assessed.

Crop production budgets for rainfed and SI crops are estimated
using several data sources (for comparison, complementarity, and
more confidence in the estimates). These sources are: the sample
farmers of the farm survey, the village heads and other respondents
of the village survey, and published secondary data. The impact of
SI on the system's overall economic (more precisely, financial)
productivity is also assessed by establishing whole farm budget
models with and without SI.

The impact assessment procedures, above, are carried out to

campare the rainfed farming system with four situations or levels of
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productivity of SI. These are:
First situation: poorly managed SI farming system of low
cropping intensity (97%), and excessive waste of water due to
over-irrigation. Both rainfed and irrigated farming are
practised,
Second situation: SI system with moderate managerial skill,
cropping intensity 110% (which is most common in practice in
the research areas), and beth rainfed and SI farming are
practised.
Third situation: SI system with a good level of water
management, cropping intensity 125%, all farm area is SI.
Fourth situation: high managerial skill of water/crop/lard
allocation, and farming practices (cropping intensity of 150%,
high levels of yield cbtained, water losses are minimal, and,
all farm area is under SI).

The four situations exist in reality. However, the exact
extent of each was difficult to determine. Rough estimates given by
the village heads were: 20% of SI farms were operating under low
efficiency of water management (i.e., the first situation), 10% are
highly productive (the fourth situation} and about 70% are in
between (the second and third situations). These situations,
however, can also be considered as successive or sequential stages

in the developmental process of the 51 enterprise.

Efficiency Assumptions. Yields, costs, and revenues, as

reported by the sample farmers, were considered representative for
the rainfed and the second and third SI situations. A reduction of
20%, and an increase of 25%, were assumed for yields and gross
reverme for the first and fourth situations, respectively. These
percentages of adjustment, for the lower and higher efficiencies of

the SI systems, were determined after consultations with the village

heads, irrigation specialists and agronomists, and careful
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inspection of the ranges (minimum and maximm values of relevant
data and their frequency distribution) reported by the sample
farmers.

Complete and detailed budgeting was done for rainfed and SI
wheat production for the 1987-13888 cropping season. That seascon was
quite good (above normal rainfall). Data of 1988 were adjusted
according to yield levels that are usually cobtained by farmers in
normal and low-rainfall years, and wheat production budgets under
variable climatic conditions were estimated accordingly. Time and
resource limitations of the research did not allow for detailed
budgeting of other crops. However, lump sum estimates were
solicited, for each crop, concerning vield, gross revenue, total
cost, and net revenue of crop producticn. As a check procedure,
these data were obtained from the sample farmers and the village
heads separately. Fortunately, the two reports were not widely
different (see Salkini 1992). No substantial cost adjustments per
unit area (i.e. one hectare) were made in evaluating the econcomic
productivity of the different SI situations. It was assumed that
all items of per hectare production cost (except harvest and

disposal cost) are the same for the different situations. However,

lower and higher management efficiency should be reflected in crop-
land allocaticon and yield performance and, consequently, in gross

and net revenue.

Analysis of the variability of wheat yields and profitability
for seasons of different (normal, low, and high) rainfall
facilitates the impact assessment of SI on the stability of rainfed
wheat production. Variability ard trend analysis for time series of
crop ylelds (rainfed and SI} at the aggregate level are, also, used
as indicators for the assessment of gsystem stability and
sustainability properties. Some characteristics of the groundwater
utilization are used to predict future sustainability issues.
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5.2.2 Impact of SI on the physical productivity
of rainfed wheat-based farming systems

The impact of SI on the physical and economic preductivity of
rainfed wheat farming systems was assessed for a 10- ha farm.
However, the discussion below considers productivity issues on a per
hectare basis.

5.2.2.1 Impact of ST on cropping pattern and intensity

Table 5.2.1 sumarises the cropping patterns and cropping intensity
of the rainfed and SI systems. Wheat is the number one crop, in
terms of area, for both systems. Barley, lentil, and chickpea are
other winter crops grown, and melons (watermelon and muskmelon) are
the only summer crops grown in rainfed systems. Aggregating values
from agroclimatic zones 1 and 2 gives a cropping intensity for the
rainfed systems of around 85%, with 15% of the land fallowed

Table 5.2.1 Cropping patterns and intensity of rainfed ard
supplemental irrigation farming systems (% of total area)

Crop Rainfed Supplemental irrigatiocn systems

system I II III v
Wheat 37 47 47 44 48
Barley 22 7 7 - -
Ientil 8 11 11 - -
Chickpea 3 2 2 ~ -
Melons 15 6 8 6 8
Cotton - 14 14 30 36
Sugarheet. - 1 1 2 6
Potatoes/other veg. - 2 10 20 25
Tomatoes - 2 5 5 5
Maize - 2 2 9 11
Sesame - 3 3 9 11
Cropping intensity 85 97 110 125 150
Fallow 15 3 - - -

Source: Farm survey
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annually. The major changes in cropping pattern brought in by SI
are the introduction of high cash-value crops, such as cotton,
potatoes, tomatoes, other winter and sumer vegetables, maize and

sesame.

Cropping intensity is the principal factor influencing the
productivity and efficiency of the SI system. In turn, cropping
intensity is determined mainly by the water resources and the
irrigation system used, types of crops grown, and more importantly
the managerial skill of the irrigatcors. Most likely, SI operates at
low productivity for the first one to three years (the first
situation), with almost half of the farm area still grown rainfed.
As time passes, farmers gain a better understanding of the soil-
water-crop relationships, become more experienced with the
irrigation system they operate; and system productivity and
efficiency increase gradually. Cropping intensity is increased to
about 110% (the second situation) with 60% of the cropped area under
SI. The cropping intensity can be further increased to 125%, and
150%, with all crops grown with SI, provided farm area and water
resources allow.

As productivity and efficiency increase, farmers with SI
replace rainfed areas previously allotted to barley and legumes with
summer crops and vegetables; the proportion of land area allocated
to wheat does not change substantially. It is interesting that it

does not decrease, as sumer crops and vegetables are more

profitakle. Economic considerations play a role in land allocation
but within the limitations of (i) crop rotation considerations, (ii)
the managerial capacity of the farm household to handle large areas
of the most profitable crops (vegetables), which also demand the
most labour, time, capital, and management skill, and (iii) the
minimum requirements (or obligations 1in some cases) of the
govermment agricultural production plan.
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Finally, it should be indicated that the transitional pericd
an ST system requires to approach the higher level of productivity
(the fourth situation) is highly variable. Some farmers succeed in
operating at 150% cropping intensity within a few years, while
others may never be able to arrive at that point.

5.2.2.2 Impact of 5I on crop yields

Supplemental irrigation reduces the vagaries of the climatic
influences on rainfed crop production, allows for more intensive use
of capital inputs (fertilizer, seed, herbicides, etc.) and the
utilisation of improved crop varieties (the semi-dwarf, high
vielding varieties in the case of wheat} which respond well to water
and fertilizer application; therefore, higher yields are obtained.

Table 5.2.2 presents crop vields and variability as reported
by the sample farmers. In years of normal rainfall, SI increases
their yield of rainfed wheat by 125%. With high rainfall, this is
reduced to 80%; but;, in years of low rainfall, yields of SI wheat
can be nearly 500% of those of rainfed wheat. Legumes are less
responsive to SI than cereals, and just a few farmers in the sample
reported that small areas of lentils and chickpea may be given a few
supplemental irrigations, mostly in dry seasons. These farmers
obtained an average yield increase of about 70% and 110% for lentil

and chickpea, respectively.

The average yields of rainfed wheat, as reported by the sample
farmers, were 1610 kg/ha for a year of normal precipitation, about
2500 Kg/ha for seasons of high and well-distributed rains, but only
560 kg/ha in poor seasons. Corresponding figures for SI wheat were
3600, 4500, and 2760 kg/ha, respectively (Figure 5.2.2). Yield
variability is discussed, in some detail, at the end of this report.



Table 5.2.2 Yield level ard variability of major crops (farm survey
1988)

Rainfed Supp. irrig.
Crop Rainfall
Season Mean sD CV Mean SD Ccv
kg/ha kg/ha % Xkg/ha kg/ha %
Wheat Normal, grain 1610 453 28 3698 714 20
straw 1040 337 32 2145 722 34°
Low, grain 560 286 51 2760 771 28
straw 834 498 60 1680 649 39
High, grain 2488 612 25 4500 776 17
straw 1507 579 38 2588 842 32°
Av, 3 season,
grain 1538 398 26 3620 673 18
straw 1112 385 35 2138 388 19
Lentil Normal, grain 1315 360 27 2250 NA NA
straw 1378 351 25 1800 NA NA
Chickpea Normal, grain 1152 241 21 2500 410 16
straw 1000 200 20 1500 260 17
Melon Normal 8500 NA NA 19500 11737 60
Cotton Normal Not grown, rainfed 3256 425 13
Sugarbeet Normal Not grown, rainfed 41182 8436 20
Poctatces  Normal Not grown, rainfed 21340 5193 24
Tomatces  Normal Not grown, rainfed 24340 8076 33
Maize Normal Not grown, rainfed 3060 1324 43
Sesame Normal Not grown, rainfed 1190 336 28

Source: Farm survey.

a) the high variability in straw yield is caused by significant differences
between farmers in terms of their attitudes towards straw collection, and the
technicues used. Straw yields, however, were roughly estimated by farwers.

b) estimated figure.

c) the high variability in melons yield is, most likely, due to confused reports;
some farmers gave reports on rainfed melons, while others gave reports on
supplerentally irrigated melons.

NA = not available due to the few cases reported.

Village heads and other respondents of the village survey
estimated that, normally, more than half the farmers (52%) obtain
vields of 1000-1500 kg/ha for rainfed wheat, 36% obtain 1600-2000
kg/ha, and only 12% can achieve more than 2000 kg/ha. In contrast,
the majority (68%) of SI farmers normally realise yields of 3000-
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4000 kg/ha, about 12% obtain more than 4000 kg/ha, and 20% get less
than 3000 kg/ha (Table 5.2.3).

1 SI addition
3800 m Rainfed yield

2400

i

Yield (kg/ha)

800 -

DN
DAY

N\

77
Low Normal High Av.
rainrain rain 3 seasons

Figure 5.2.2 Irpact of SI on wheat yield

Table 5.2.3 Distribution of yield levels normally cbtained for
wheat crop

System Product Yield range % of
(kg/ha) farmers

Rainfed Grain 1000-1500 52

1600-2000 36

2100-2500 12

Total 100

Straw less than 1000 21

1000-1500 65

more than 1500 14

Total 100

Supplemental irrigation Grain less than 3000 20

3000-4000 68

more than 4000 12

Total 100

Straw less than 1500 12

1500-2500 60

more than 2500 28

Total 100

Source: Village survey
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5.2.2.3 Impact of SI on the physical productivity
of the whole farm

The physical productivity of a farming system is a function of the
cropping intensity, the area allotted for each crop, and the
physical yield, actually obtained by farmers, for all crops that are
grown on the farm. It can be expressed as:

P=f (I, AG, YC) (1)
where: P is the physical productivity, AG area of the ith crop, and
YG is the yield of the ith crop. Since intensity (I) is implicitly
included in the summation of crops area, Eg. (1) can be rewritten,
for the rainfed system,

n
P = L ADG * YDG (2)

i=1

where ADC and YDC are the area and yield of the ith rainfed crop.
And, for the first and second SI situations (with crops grown both
rainfed and with SI):

n
P = L ARG * YRG + ADG * YDG (3)

i=1

where ARG and YRG are the area and yield of the ith crop
supplementally irrigated. When the system operates at a good or
high level of water and crop management, and rainfed producticn is
eliminated, ADCI and YDC1 will be zero. The physical productivity
equaticn for such cases will be:

n
P= L ARG * YRC (4)

i=1

Table 5.2.4 summarizes the total physical productivity of the
rainfed and the various SI situations. A rainfed hectare would
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Table 5.2.4 TImpact of supplemental irrigation on the physical
productivity of rainfed wheat farming system (1988). Total cutput
for 1 hectare (kg)

Product Rainfed Supplemental irrigation systems
system I IT ITT v

Wheat, grain 596 1073 1195 1584 2160

straw 383 638 732 1464 1248
Barley, grain 416 132 132 - -

straw 288 92 92 - -
lentil, grain 105 145 145 - -

straw 110 152 152 - -
Chickpea 35 32 24 - -
Melons 1275 723 1010 1170 1950
Cotton - 365 456 977 1466
Sugarbeet - 330 412 824 3020
Potatoes/other veqg. - 343 2145 4290 6704
Tomatoes - 320 1218 1218 1522
Maize - 49 61 275 403
Sesame - 29 36 108 585
Tetal 3208 4493 7810 11910 19128

Source: Farm survey

produce, on average, about 3.21 tonnes of crop products (animal
products are not included). Melons, heavy-weight products,
contribute about 40% of the total physical output. Operating the ST
system at low productivity (first situation) would increase the
physical production by 40%. A medium or satisfactory level of
water-crop management skill may more than double (243%) or treble
(370%) the physical production. With good or exceptional
operational conditions (the fourth situation), SI may produce as
much as 19.13 t/ha of crop product, i.e. about 6 times the
productivity of rainfed agriculture (Figure 5.2.3).

Heavy-weight products (sugarbeet, potatces, and vegetables)
contrilute 69% of the total physical production or output. Wwheat,
allotted 48% of crop area, contrikutes about 18% of the total
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physical output. However, the physical productivity of a systen,
though used as one measure of system productivity and efficiency,
does not give a real evaluation of productivity. Sesame, for
example, vielded about 1190 kg/ha (in 1988), but gave a net revenue
of 21260 SL/ha (i.e., 17.8 SL/kqg), whereas the physical yield of
sugarbeet was 41200 kg/ha, but it gave negative net returns (i.e.
losses) according to farmers reports, and only 2736 SL/ha (i.e.
0.066 SL/Kg) according to village heads' reports. Therefore, the
productivity of the system must be evaluated in terms of gains and
losses. By incorperating prices of inputs and outputs with the
physical productivity of the different farming systems, the economic
impact of SI on rainfed farming systems can be assessed.

5.2.3 Impact assessment of SI on the econcmic
productivity of the whole farm

While the costs of ST at farm level are relatively easy to quantify,
the benefits can be extremely difficult to quantify because (i) the
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stochastic nature of rainfall produces a highly variable irrigation
demand; (ii) the effect of SI on many crops is not well known and
will necessarily be varlable from year to vyear; and, (iii) the
economic impact (in terms of total benefits) varies significantly
depending on the managerial skill of farmers, the new cropping
pattern and intensity and types of crops grown (as elaborated
above), and prices (which have inflated drastically in the last few

years) .

The aim of this analysis is to compare the economic (or more
precisely the financial) productivity of existing rainfed wheat
systems with existing SI systems of different levels of water — crop
- management skill.

5.2.3.1 Budgeting of wheat production

Table 5.2.5 presents detailed budgets for rainfed and SI wheat
production for the cropping season 1987-1988. The budgets are
calculated from basic data given by the farmers in the farm survey
(1988). An exception to this is the irrigation cost which was
calculated according to the method presented by Salkini (1992). The
rainfall of 1987-1988 was well above the long-term average, and the
rainfed yields obtained by the sample farmers were 55% higher than
normal (2490 vs 1610 kg/ha). Yields of SI wheat were, also, 25%
higher than ncrmal (4500 vs 3600 kg/ha).

The crop production budgets of 1987-1988 are used as base
guidelines for the wheat crop budgets presented in Table 5.2.6 which
refer to years of normal, low, and high rainfall. Table 5.2.6a
indicates the following:

i) In a normal seagson, SI may increase the net revenue of wheat
production by 58% over the rainfed wheat production (5950 vs
3770 SL/ha). As expected, the impact of SI decreases as
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Table 5.2.5 Crop budget for rainfed and supplementary irrigated
wheat production (1987/88 cropping season)

Item Rainfed Supp. irrig.
Seedbed preparation (SL/ha) 630 830
Seed and sowing (SL/ha) 675 810
Fertilizer and application (SL/ha) 800 1360
Weed contrel (SL/ha) 75 150
Irrigation (SL/ha) - 3360
Harvest and transport (SL/ha) 850 1670
Sub-total direct cost (SL/ha) 3030 8180
Indirect cost (SL/ha) 580 1900
Total cost (SL/ha) 3610 10080
¥ield, grian (kg/ha) 2490 4500
straw (kg/ha) 1510 2588
Price, grain (SL/kg) 3.90 3.90
straw (SL/Kg) 0.77 0.77
Revenue, grain (SL/ha) 9710 17550
straw (SL/ha) 1160 1990
Gross revenue (SL/ha) 10870 19540
Total cost (SL/ha) 35610 10080
Net revenue (S1/ha) 7260 9460
Cost per kg (SL/kg) 1.45 2.24
Gross revenue per kg (SL/kg) 4.35 4.34
Profit per kg (SL/kqg) 2.90 2.10

Source: Farm survey

ii)

rainfall increases. The increase in net revenue, from SI over
rainfed production is 30% for seasons of high rainfall.
However, much greater impact is realised in seasons of low
rainfall. In such seasons, rainfed wheat production gives a
net loss (-280 SL/ha of net revenue), whereas SI produces a net
revemue of 3270 SL/ha (Figure 5.2.4).

The net average rate of return (net revenue divided by total
cost) for rainfed production is higher than that of SI in
normal and high rainfall years (114% vs. 61% for normal, and
201% vs. 94% for high rainfall years); but in vears of low
rainfall the corresponding figures could be -9% for rainfed,
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and 37% for SI wheat. It should be noted, that net revenue is
calculated by deducting the total cost from the tcotal or gross
benefits. Total costs include all direct and indirect costs,
including opportunity cost for family labour and machinery,
interest on capital expenditures, and rent charge or
opportunity cost of land. Therefore, it can be concluded that
wheat production, with the exception of rainfed wheat in a poor
rainfall season, is a profitable farming enterprise, as each
monetary unit (directly or indirectly) spent can be refunded
with an extra of 114%-201% for rainfed wheat and 34-94% for SI
wheat.

Again, with the exception of 1low rainfall seasons,
profitability per kilogram of rainfed wheat production is
higher than that for SI. However, the extra ocutput from SI not
only compensates for this but creates increases in total
profits (or net revenues), as shown in (i)} above and in Fiqure
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5.2.4. Taking the three-seasons average, per-kilogram profit
for SI is a little higher than that for rainfed production
(1.64 vs 1.58 SL/kg), but per hectare profit is much higher
(6230 vs 3580 SL/ha).

In addition to increasing net returns, ST significantly
stabilises net benefits (or revenues) of wheat production over
seasons of different rainfall. SI decreases between-seasons
variability of net returns of rainfed production by more than
52%. The coefficient of variance (CV) is 86% for rainfed wheat
net returns compared to 41% for SI wheat (Table 5.2.6b),

However, comparing the net revenue of SI wheat production with
other irrigated crops (as given by the sample farmers) (Table
5.2.7), indicates that (except for sugarbeet) wheat was by far
the least profitable crop. The net revenue of SI wheat was
equal to about 70% that of maize, 46% of cotton, 30% of

Table 5.2.6a Summary crop bugdet of wheat production for normal,
low, ard high rainfall seasons

Ttem Normal Low High

R. S.I. R. S.I. R. S.1.
Grain yield (kg/ha) 1610 3600 560 2760 2490 4500
Straw vield (kg/ha) 1040 2150 830 1680 1510 2590
Grain price (SL/kg) 3.90 3.90 3.90 3.90 3.90 3.90
Straw price (SL/kg) 0.77 0.77 0.77 0.77 0.77 0.77
Grain revenue (SL/ha) 6280 14040 2180 10760 9710 17550
Straw revenie (SL/ha) 800 1660 640 1290 1160 1990
Gross revenue (SL/ha) 7080 15700 2830 12050 10870 19540
Total cost (SL/ha) 3310 9750 3110 8780 3610 10080
Net revenue (SL/ha) 3770 5950 -280 3270 7260 9460
Production Economics of wheat
Cost per kg (SL/kg) 2.05 2.70 5.55 3.18 1.45 2.24
Revenue per kg (SL/kg) 4.40  4.35 5.05 4.36 4.36 4.34
Profit per kg (SL/kg) 2.34  1.65 -0.50 1,18 2.91 2.10

R = rainfed; SI = supplemental irrigation
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Table 5.2.6b Role of supplemental irrigation in
stabilizing the net benefits from wheat production

Statistics Rainfed Supp. irrig.
Mean (SL/ha) 3583 6226
SD (SL/ha) 3081 2635
v (%) 86% 41%

Source a and b: Farm survey

Table 5.2.7 Summary crop budgets, 1987/88

Gross Total Net
Crop revenue cost revenue

(8L/ha) {SL/ha) (SL/ha)
Wheat, rainfed, low ! 2830 3110 -280
Wheat, rainfed, high ! 10870 3610 7260
Wheat, rainfed, normal ! 7080 3310 3770
Wheat, supp. irrig., low' 12050 8780 3270
Wheat, supp. irrig., high ' 19540 10080 9460
Wheat, supp. irrig., normal ! 15700 9750 5950
Barley, rainfed ? 6300 2320 3980
Lentil, rainfed ? 14750 6080 8670
Chickpea, rainfed 2 10350 5930 4420
Chickpea, supp. irrig. ? 18000 9650 8350
Watermelon, rainfed 2 13860 5100 8760
Watermelon, supp. irrig. ? 31810 11710 20100
Cotton 2 28210 15340 12870
Sugarbeet 2 17680 14940 2740
Potatoes ? 96080 43680 52400
Tomatoes 2 47860 22360 25500
Maize ? 17780 9310 8470
Sesame ? 31800 10540 21260

1) Farm Survey
2) Given as lump sum, rough estimates, by farmers

watermelon, 28% of sesame, 23% of tomatoes, and only 11% of
potatoes. If we compare wheat with ancther winter crop,
chickpea for example, net revenues for rainfed wheat production
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are 34% higher than those for rainfed chickpea; but with SI,
the situation is reversed with wheat generating net revenes
which are 29% lower than chickpea. Of all the crops compared
above, wheat and cotton are the only crops which are strictly
controlled and handled by goverrmental institutions.

This could be the main reason why the official price of wheat
has substantially increased during the last few years (from 1.50
SL/Kg of durum wheat in 1986 to 3.75 SL/kg in 1988 and 8.50 SL/kg in
1950), and by now the above econcmic picture could have changed.

5.2.3.2 The whole-farm budgeting analysis

The econcmic impact analysis of wheat prcduction, alone, does not
reflect the real economic impact of SI on rainfed farming systems.
Wheat, as discussed above, is the least profitable of the irrigated
crops that can be introduced, as water for SI becomes available. To
explore the real dimension of the economic impact, whole-farm
budgeting nodels have been established for rainfed and SI systems at
different levels of productivity and management efficiency.
Quantitative estimates of physical productivity (based on crop
patterns, cropping intensity, and yields) combined with estimates of
crop production cost and benefit, as reported by the sample farmers
(Table 5.2.7), are used as the basis for building whole-farm
budgets. To gain confidence in the farmers' estimates, the same
data were alsc solicited from the respondents of the village survey.

From the findings summrized in Tables 5.2.8 and 5.2.9, it can
be inferred:

i}  Net benefits per-hectare (or net returns) of SI systems, even
in the lowest productivity situation, can be as much as 188% of
those of the rainfed system. This can be gradually increased
to 310%, to 500%, and to 820% as the system approaches the high
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level of productivity (Figure 5.2.5). Net revenue per hectare
is estimated at SL 4410 for the rainfed system and at 8277,
13766, 22166, and SL 36287 for the four levels of 8SI
efficiency, respectively.

These results, at the whole farm level, confirm (and quantify)
the rough estimates given by respondents to the reconnaissance
(or cursory) survey and by the literature of impact assessment
(see Salkini 1992), which indicated that SI could be 2 - 10
times more remunerative than rainfed systems.

iii) Wheat is the largest contributcr to rainfed farm net income

iv)

(32%), followed by melons (30%). Under SI, at the low
productivity level, wheat contributes 25% of total farm net
income, but this declines to 15% as the system approaches the
high productivity 1level. The contribution of vegetables
correspondingly rises from 19% to 50%.

The anmual rate of return (or annual benefit/cost ratio) is
high for all alternatives, with the rainfed and the high
productivity SI situation having the highest rate (around 2.3),
and the other SI situaticns having almost equal rates (at about
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2.0}. The high rate of return of the rainfed system, however,
does not reduce the case for investment in SI; but, ignoring
the risk and uncertainty of the erratic rainfall, it implies
that _extending rainfed agriculture (if such an extension is
available without any new investment cost) might be
ec_ino_ml__'ca].m% Such an alternative is lindm
farm area that is fallowed each year (w
area in the sample regions). Most of the fallow occurs in the
drier parts of the wheat-producing regions (i.e. agroclimatic
zone 2 ard 3). Under current farming patterns and practices,
it seems that farmers have a strong belief in fallowing for
maintaining their seil's fertility. However, the findings of

ICARDA research on long-term crop rotations, and the
introduction of forage legumes in the cropping pattern of the
rainfed systems (of relatively low rainfall, zone 2, and 3),
have shown promising alternatives to fallowing for maintaining

soil fertility.

Table 5.2.8 Impact of supplemental irrigation on the economic

productivity of rainfed wheat farming systems

revenue for 1 hectare (SL)

(1987/88)

- net

Product Rainfed Supplemental irrigation systems
system I 11 11T v
Wheat 1395 1990 2252 2618 4541
Barley 876 279 279 - -
Ientil 693 854 954 - -
Chickpea 113 116 90 - -
Melons 1314 745 1041 1206 2010
Cotton - 1802 1802 3861 5791
Sugarbeet - 27 27 54 761
Potatoes/other veg. - 1048 5240 10480 16375
Tomatoes - 510 1275 1275 1594
Maize - 169 169 761 1162
Sesame - 637 637 1911 2919
Total 4411 8277 13766 22166 35153

Source: Farm survey
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Table 5.2.9 Summary of the whole farm budgeting analysis for
rainfed and supplemental irrigation (1987/88) (SL/ha)

Type of farming system Gross Gross Net
benefit cost berefit

Rainfed 7576 3165 4411
Supp. irrig., 1ist situation 16729 8452 8277
2nd situation 26579 12813 13766
3rd situation 43702 21536 22166

4th situation 62849 26562 35153

Source: Farm survey

5.2.4 Stabilising effect of SI on wheat production

The variability of wheat yields has been assessed for (i) a 16-year
time series of Syria's aggregated rainfed and SI wheat yield data;
(ii) vields obtained by farmers of the farm survey; (iii) yields in
the 4 years of experiments in ICARDA's SI project; and {iv) yields
in the on-farm test demonstrations conducted at different locations
to test the performance of deficit irrigation technology by farmers
on their fields (see FRMP, 1990, pp 253-256). A summary of these
analyses (Table 5.2.10) shows that SI, while not eliminating
variability, does have a significant effect in making yields higher
and more stable than those of rainfed wheat. At the national level,
SI and the introcduction of improved wheat varieties has reduced the
coefficient of variation (CV) of local rainfed wheat varieties (for
1973-1988) by more than 50%; the CV for improved irrigated wheat was
16% compared with 33% for lccal rainfed varieties. SI alone caused
a reduction of 33% in the yield variability of local rainfed wheat
and of 27% in that of improved rainfed varieties.
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Table 5.2.10 Indicators of the stabilizing effect of supplemental
irrigation on rainfed wheat yield (kg/ha)

Yield SD V%

kg/ha kg/ha

1) National level aggregates (1973-1988) *
Improved wheat varieties, irrigted 2570 420 1¢°
Iocal wheat varieties, irrigated 1910 400 21°
Improved wheat varieties, rainfed 1490 330 22
Iocal wheat varieties, rainfed 810 250 31°
Total irrigated wheat 2465 505  20°
Total rainfed wheat 1000 330 33°

2) Farm survey (1988)°

Normal rainfall, supp. irrig. 3600 714 20f
rainfed 1610 463 28
High rainfall, supp. irrig. 4500 776 17f
rainfed 2490 613 25
Low rainfall, supp. irrig. 2760 771 28
rainfed 560 286 51"
Overall three seasons, supp. irrig. 3620 710 20
rainfed 1553 789 51°

3) On-farm test demonstration (1989/90)°
Replenish 100% of WB requir., supp. irrig. 5003 485 10

50% of WB requir., supp. irrig. 4216 270 6
Rainfed 553 568 103
4) ICARDA research (1986/6-1988/9)°
Average 43-season, supp. irrig. 4600 489 1
rainfed 2647 822 318
Source: Calculated based on yield data presented in
{a) ARSA ({1973-1989) {e) includes time and space variability
(b) Farm survey data (f) includes only space variability
(c and d) Salkini, 1992 (g) includes only time variability

Yield variability aggregated at the national level does noct
show the real stabilizing effect of SI, as it is confounded by the
methods of yield estimation and by aggregation. A more realistic
assessment of the stabilising effect of SI is shown by the data from
the farm survey and the on-farm test demonstrations. SI decreased
the spatial (or location) variability of wheat yields (in the sample
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areas) by 29% for seasons of normal rainfall, 32% for seasons of
high rainfall, and 45% for low rainfall seasons. The spatial and
temporal (or between seasons) variability was reduced by 61% (the
overall seasons CV was 20% for SI wheat compared with 51% for
rainfed yields).

The dramatic influence of SI in stabilising wheat yields is
seen in the data from 7 on-farm test demonstrations carried out in
1989-1990, a season of low rainfall. The spatial (between sites)
variability was almost nil for SI fields (CV 6-10% according to
irrigation treatment), whereas the variability of the rainfed plots
yields was very high (Cv 104%). It should be noted that these
demonstration tests were not controlled by researchers or extension
agents. The farmers did all normal farming operations according to
their usual practices, with the extension agents supervising and
following up the water balance calculations required for irrigation
scheduling.

The variability analysis of 4 years field experiments in the
ICARDA/MAAR SI research project also revealed considerable effects
from SI on yield stability. The CV for SI plots was 8%; but, for
rainfed plots it was 31%. However, as El-Sherbini (1979) found, SI
yields were still significantly correlated with rainfall; higher
vields were obtained, for both rainfed and SI wheat in 1987-1988,
which had rainfall 45% above the long-term average.

It can be concluded that SI technolegies camnot eliminate all

influence of weather, mainly rainfall, on wheat yields, but it can
reduce both spatial and temporal variability to a minimum.

5.2.5 Impact of SI on system sustainability

Conway (1987} defines agricultural sustainability as the ability to



maintain productivity, whether of a field or farm or nation, in the
face of stress or shock. Following stress or shock the productivity
of an agricultural system may be unaffected, or may fall and then
return to the previocus lewvel or trend, or settle to a new lower
level, or the system may collapse altogether. Sustainability, thus,
determines the persistence or durability of a system's productivity
under known or possible conditions. It is a function of the
intrinsic characteristics of the system, of the nature and strength
of the stresses and shocks to which it is subject, and of the human
inputs which may be introduced to counter those stresses and shocks.

Agriculturalists equate sustainability with food sufficiency in
the long term, and sustainable agriculture can embrace arny measure
towards that end. For envirommentalists, though, the means are
crucial. For them sustainability means a responsibility for the
envirorment - a stewardship of our natural resources.
Sustainability for economists is a facet of efficiency, not short-
run efficiency alone, but the use of scarce resources in such a
fashion as to benefit both present and future generations. Finally,
sociologists see sustainable agriculture as a reflection of social
values. They define it as a development path consonant with
traditional cultures and institutions (Conway and Barbier, 19390).

Virtually everything that is perceived as good or benign is
included under the umbrella of "sustainable agriculture®:

- high, efficient ard stable production;

- low ard inexpensive inputs, in particular making full use of
the techniques of organic farming and indigenous traditional
knowledge;

- food security and self sufficiency;

- conservation of wildlife and biological diversity;

- preservation of traditional values and the small family farm;

- help for the poorest and disadvantaged (in particular those on
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marginal land, the landless, women, children and trikal
minorities);
- a high level of participation in development decisions by the

farmers themselves.

However, while it is relatively straightforward to attain one
or two such goals, it becomes progressively difficult as more and
more are included in program and project designs. There are trade-
offs, in terms of labour, time, skills ard capital, for the project
and its staff, and for the farmers themselves. Choices have to be
made -- productivity at the expense of equity, for example, or
sustainability at the expense of productivity. Not surprisingly,
attaining sustainable agriculture as ocurrently defined is a
difficult task.

One way of establishing, in principle, whether particular
agricultural production systems are likely to be inherently
sustainable, is to consider the local community or individual farm
and to classify the available resources into those which are
"internal" and "“external" (Table 5.2.11). Internal resocurces are
inherently renewable and, as such, have the potential to be used on
a "sustained" basis, indefinitely, through ecologically sound
methods of farming. Such resources include rain and/or small local
irrigation schemes (from surface flows or shallow groundwater wells)
as sources of water. After reviewing the characteristics of rainfed
and SI wheat-based farmirg systems in Syria, Salkini (1992)
concluded that at this stage, and due to the complex structure of
the two systems, it is difficult to properly assess their
sustainability using the criteria presented in Table 5.2.11. The
two sgystems, though utilizing mainly internmal resources, also

require some external resources (seed, fertilizer, pesticides).

Therefore, time-series trend analysis of crop productivity
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Table 5.2.11 Agricultural production resources which are derived
from internal and external sources

External resources

Internal rescurces

Sun scurce of energy for plant
photosynthesis

water rain and/or small, local
irrigation schemes

Nitrogen fixed from air,
recycled in soil organic
matter

Other nutrients from soil
reserves recycled in cropping
systen

Weed and pest control
pbiological, cultural amd
mechanical

Seed varieties produced on-
farm

Machinery built and maintained
on farm or in commnity

Labour most work done by the
family living on the farm

Capital socurce is family and

community, reinvested leocally

Management information from
farmers and local community

Artificial lights used in
greenhouse food production

water large dams,
centralized distribution,
deep wells

Nitrogen primarily from
applied synthetic fertilizer

other nutrients mined,
processed and imported

Weed and pest contrel
chemical herbicides and
insecticides

Seed hybrids or certified

varieties purchased annually

Machinery purchased and
replaced frequently

Labour most work done by
hired labour

Capital external
indebtedness, benefits leave
commnity

Management from input
suppliers, crop consultants

Source: C.A. Francis and J.A. King (1988).

(wheat and other major rainfed and SI crops) is used as an
indication of sustainability. Sayed Issa (1991), in an FRMP/Aleppo
University joint research project, and CIMMYT (1989) analyzed wheat
data (area, yield, and total output) for the last five decades,
1940-1980s. Both report similar results.

productivity in Syria, Sayed Issa reported:

Concerning crop
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Declining productivity tremd, significant at 5%, for toctal
(rainfed and ST) wheat for 1940-1961 (Figure 5.2.6a), with a
linear time trend regression: ¥ = 902.5 = 18.1 t, where Y is
the yield (kg/ha) and t is the time (years). The wheat
production system was non-sustainable in that pericd.

The period 1962-1972 was a non-significant period, with a
declinirg trend for rainfed, but increasing trend for irrigated
wheat yields (Figure 5.2.6b).

Rainfed: Y = B17.8 - 4.1 t, (sig. NS)

Irrigated: Y = 948.6 + 58.9 t, (sig. NS)

The sustainability of the system in this period was a little
better than in the previocus period.

The period 1973-1988 has witnessed a rapid increase of
technology transfer and adoption (improved high-yielding

varieties, with improved seed quality; nitrogen and phosphate
fertilizer application; and, increasing adopticn of SI).
Conseguently, successive increases in wheat yield have been
achieved (with the exception of rainfed improved varieties
which have declined, but non-significantly), and the system's
sustainability has been maintained. The linear time-trend
regressions (Figure 5.2.6c) for this period are:

¥ = 1985.5 + 68.5 t (sig. **), for SI improved varieties
1521.8 + 45,9 t (sig. **), for SI local varieties

1580 - 10.6 t (sig. NS), for rainfed improved varieties
543 4+ 31 t (sig. %), for rainfed local varieties

Y
Y
Y

Table 5.2.12 shows the results of the author's regression

analysis of a twenty-year time series (1968-1987) of yields of major

crops grown in rainfed and SI systems., All crops have increasing

trends of productivity with the exception of rainfed barley and SI

sesane (nhon-significant decline), and rainfed sesame, the only crop

with declining productivity, significant at 0.01. However, this can
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Table 5.2.12 Parameters of the trend analysis of major crops productivity
of the rainfed and supplementary irrigation farming systems for 20-year time
series (1968-1987) in Syria

Crop System Intercept. Slope R RrR2 Sig. level
wheat: Rainfed 603 +28.5 0.54 0.29 0.007%%
Supp. irrig. 1187 +96 6.86 0.73 0.0000%%x
Barley Rainfed 718 -8.2 -0.14 0.019 0.27 NS
Supp. irrig. 1150 +45.6 0.61 0.37 0.002%*
Tentil Rainfed 597 +12 0.35 0.12 0.06%
supp. irrig. 971 +7.7 0.21 0.045 0.18 NS
Chickpea Rainfed 711 -3.3  =0.16 0.026 0.25 NS
Supp. irrig. 1120 +11 0.34 0.11 0.07*
Faba bean Rainfed 837 +25.3 0.72 0.51 0.0002%%%
supp. irrig. 1680 +17.4 0.36 0.13 0.06%
Sesame Rainfed 336 -8.6 -0.61 0.38 0.002%%
Supp. irrig. 877 -5.7 -0.30 0.09 0.1 NS
Cotton Rainfed 367 ~5.3 -0.11 0.012  0.32 NS
Supp. irrig. 1558 +69 0.95 0.91 0.0000***
Maize Rainfed 806 +1.04 0.001 0.000 0.50 NS
Supp. irrig. 1788 +5.0 0.08 0.007 0.36 NS
Potatoes Rainfed 6986 +329 0.62  0.39 0.001 **x
supp. irrig. 11837 +289 0.83 (.68 0.0000***
Tomatoes Rainfed 4560 +39.5 0.28 0.076 0.11 NS
Supp. irrig. 13930 +604 0.84 0.70 D, 00DO***
Watermelon  Rainfed 5811 +34 0.12 0.014 D.31 NS
Supp. irrig. 142173 +206 0.34 0.12 0.07#

Source: Calculated by the author based on raw data included in AASA (1968-1988).

be viewed only as an indication of potential or prchable
sustainability of the two systems. Valid conclusions might require
analysis of a much longer period than 20 years. Nevertheless, it
should be emphasized that, although SI has increased crop
productivity, the increased lowering of the groundwater (by more
than 20 m in about 25 years, on average) must be considered a
warning. Wheat-based farming systems utilizing groundwater for ST,
under the current system of utilization and management, appear to be
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non-sustainable in the leng-term. The reliance on many "internal®
resources (Table 5.2.11) for crop production is, most likely, the
base upon which the sustainability of SI systems is built. Its weak
point is the overpumping of groundwater in some areas. Urgent and
effective control measures on groundwater utilization are needed.
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5.3 Econamic Analysis of Chickpea Production in
Aleppo and Hassakeh Provinces of Syria
Mustafa Darwich, Onur Erkan,
E. Bailey and R. Tutwiler

5.3.1 Introduction

As reported last year (FRMP 1990), 1n 1989/90 the Socio-Economic
Studies and Training Section of the Syrian ARC and ICARDA organized
a survey in Aleppc, Hama and Hassakeh provinces to assess the
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performance of winter-sown chickpeas under farmer conditions and to
hear the farmers' view of their potential for adopticon and positive
impact. At the same time, in a related thesis study, Mustafa
Darwich made a detailed comparison of actual on-farm costs and greoss
margins of winter and spring chickpea in Hassakeh and Aleppo. This
report summarizes the results.

5.3.2 Material and methods

The main material used in this comparative study is data collected
from farmers through questionnaires. In selecting chickpea
producers to question, it was decided to focus con the areas in which
winter chickpeas were grown in the 1989/90 seascn. So, Aleppo and
Hassakeh provinces were chosen, and within each province, the study
was conducted in two agricultural stability zones:

Zone 1: Average annual rainfall ranging between 300-600 mm
and not less than 300 mm in 2/3 of years.

Zone 2: Average annual rainfall ranging 250-350 mm with not
less than 250 mm in 2/3 years.

Eighty farmers, forty from each province, were visited after
harvest time, and questionnaires were completed. Data were analyzed
by computer using the SPSS statistical package.

5.3.3 Results and discussion
5.3.3.1 Farmers'® practices

Generally, the farmers in both provinces did at least two tillages
for either winter or spring chickpea. The number of farmers tilling
only once was the same for spring and winter chickpea within each
province; but, generally, the majority of Hassakeh farmers did fewer
cultivations than Aleppo farmers (Table 5.3.1).

Seeding method for winter chickpea is different in Aleppo and
Hassakeh. While most farmers (65%) use hand broadcasting in Aleppo,
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Table 5.3.1 Iand preparation activities (% of farmers)

Aleppo Hassakeh

Winter Spring Winter Spring

One tillage 5.0 5.0 20.0 20.0
Two tillage 40.0 65.0 60.0 55.0
Three tillage 55.0 25.0 10.0 10.0
Four tillage 0.0 5.0 10.0 15.0
Total 100.0 100.0 100.0 100.0

the majority (75%) use machinery in Hassakeh. For spring chickpea,
approximately half of the farmers in each province seed by machine.
The majority of Aleppo farmers use a drill, while the majority of
Hassakeh farmers use a spimner. This is because the area under
chickpea in Hassakeh is larger, and it is easier and faster to seed
with a spinner (Table 5.3.2).

5.3.3.2 Seed rate and price

In Aleppo, the average seed rates for each variety were
approximately the same. In Hassakeh, there were significant
differences in seed rate between winter and spring chickpea, due to
the difference in seeding methcds. The seed price for winter
chickpea was higher than that for spring chickpea in both provinces
and higher in Hassakeh than in Aleppo (Table 5.3.3). This probably
reflected lower seed availability in Hassakeh. Farmers there
obtained their seeds from both the Seed Multiplication Organization
and the private sector, while Aleppo farmers obtained their seed
from the Seed Multiplication Organization.



246

Table 5.3.2 Source of power for seeding and covering (% of
farmers)

Aleppo Hassakeh
Winter Spring Winter Spring
Seeding method
by machine 35.0 55.0 75.0 45.0
by hand 65.0 45.0 25.0 55.0
Machine used for
seeding Drill 85.7 9.9 6.7 0.0
Spinner 14.3 0.0 86.7 77.8
Others 0.0 9.1 6.7 22.2
Covering broadcast seed 75.0 40, 0% 100.0 85.0
Machine used for
covering Cultivator 86.6 62.5% 5.0 0.0
Gana plow 6.7 37.5 0.0 0.0
Disk harrow 6.7 0.0% 20.0 15.8
Disk plough 0.0 0.0 75.0 84.2

* significant difference between means at 5% level

Table 5.3.3 Seed rate and price

Aleppo Hassakeh

Winter Sprirxy Winter Spring

Seed rate (kg/da) 10.7 11.2 11.7 7.1 A
Seed price (SL/da) 18.3 16.1 B 19.1 14.3 A
Cost (rate.price) 185.8 180.3 223.5 101.5

Chi-squared value between groups significant:
A=0.1%; B=1%

Qualitative fertilizer use on chickpeas is shown in Table
5.3.4. Proporticnately more farmers in Aleppo than Hassakeh
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fertilized their chickpeas, but in both provinces winter chickpeas
were more likely to be fertilized than spring chickpeas. Average
rates of fertilizer used were higher in Aleppo province (Table
5.3.5).

Table 5.3.4 Kind of fertilizer used (% of farmers)

Aleppo Hassakeh
Winter Spring Winter Spring

Phogphate 100.0 45, Q%%x 70.0 20.Q%¥*
Nitrogen 60.0 55.0 25,0 5.0
Potassium 30.0 0.0%* 0.0 0.0
Significant differences between means: *** (0.1%; ** 1%.
Table 5.3.5 Average fertilizer rates (kg/decare)
Aleppo Hassakeh Total

Winter n* Spring n* Winter n* Spring n* Winter n* Spring n*

1 12.7 9

8
7.9 11 7.

2
1

MO
(S
I o ®
o
SIS

P 4.
N 9.
K 7.

O 0N

n*: Number of cbservations

5.3.3.4 Chickpea harvesting

In both provinces all the farmers who grew spring chickpea harvested
by hand, but there were differences between Aleppo and Hassakeh in
the harvesting of winter chickpea. The majority of the farmers
(75%) growing winter chickpea in Hassakeh harvested by combine
harvester, but Aleppo farmers prefer to use hand harvestirg hbecause
they have small holdings and sufficient family labor is available.
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For threshing, the majority of farmers in both provinces used
threshing machines, kbut a few of the Aleppo farmers (35%) growing
spring chickpea used tractors.

In Hassakeh, farmers growing winter chickpea spent less on
harvesting than spring chickpea farmers, because the cost of
harvesting by combine is lower than hand harvest. However, in
Aleppo, farmers growing winter chickpea spent more on harvesting
than those growing spring chickpea, because the higher yields of the
winter-sown crop require more harvest labor (Table 5.3.6).

5.3.3.5 Chickpea vield

Agronomic studies in Syria of various winter chickpea production
packages have established that weather conditions are the most
important determinant of yield (Pala and Mazid 1990). In the
1989/90 season, total rainfall ranged from an average of 282 mm in
Aleppo to 463 mm in Hassakeh.

Interviewed farmers were asked how they rated their chickpea
yield this season (1989/90). Whereas the 75% and 45% of farmers who
grew winter and spring chickpea, respectively, in Hassakeh province
reported geood yields, 55% and 65% of Aleppo farmers said the yield

was bad (Table 5.3.7). We can attribute this to rainfall
differences.
5.3.3.6 Economic indicators

Production costs of winter and spring chickpea: Table 5.3.8
compares production costs of winter and spring chickpea in the two
provinces. The major costs were for land rent, harvest, seed ard,

in Aleppo, irrigation.
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.8 Production cost of winter and spring chickpea in Aleppo and Hassakeh (SI/decare)

Table 5.3

Total

Hassakeh

Aleppo

% Spring %

ter

Win

Spring

%

ter

Ay

W

%

Spring

Winter

58.1

794.9

988.8 55.4

63.5 723.0 58.4

57.8 1125.0

4.7
12.1

47.5 866.7

852.6

lard rent

4.3
10.3

58.6

3.1
11.6

54.7

207.5

3.8
8.2
0.8

46.7
101.5A

70.5 42.5
219.1

181.7

67.0

Tillage cost

141.6A

12.4

10.9

195.8

0.6 17.6 1.3

11.1

25.64

0.8

13.5
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0.8
1.7
0.0

0.0

11.7
23.0
12.6
38.4

1.2
0

13.3

61.3

21.2
8

1.3
0.8
0.1
0.0

15.7
10.4
1.5
0.0
0.0
0.0
0.0
1.2
328.8

9.9
0

16.7
38.0

C.5
2.4

7.8
35.
23.7

0.0
76.7

32.4

10.0
84.7
16.8
107.8

cost
cost

Covering cost
P fert. cost
M fert.
K fert.

Irrigation cost

Weeding cost

Dis.

2.8
Q0.5
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5.1
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5.7

3.6 7.2
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1.0

14.4
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1.4
18.0
280.9

0.0
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Inse.
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260.9

1368.8

15.7

16.3

288.6
100.0 1772.3 100.0 1238.4

.9

+

54.8
1423.6

71.4
18558.3

48.5
1287.9

70.9
1843.2

60.0
1559.0

71.8
1867.5

Interest (4%)

GRAND TOTAL

19.8

15.7

15.8

13.5

24.9

18.6

Grain cost/kg

Straw cost/kg

1.0

1.2

2.0

A Chi-squared value is significant at 0.1% between groups
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Tillage costs for both winter and spring chickpea were higher
in Aleppo than in Hassakeh, because Aleppo farmers did more tillage
than Hassakeh farmers.

Seed costs were generally higher for winter chickpea than for
spring chickpea, reflecting both higher seed rate and seed price.
Similarly, since farmers tended to apply more fertilizer to winter
chickpea, fertilizing costs were alsc higher.

Weeds are an important factor affecting yield, and weeding is
a major variable cost in winter chickpea production. Average
weeding costs were higher in Aleppo, because the sample included
some farmers who irrigated their chickpea.

Harvesting costs were the second highest variable cost in both
provinces. Differences between varieties and between provinces are
attributable to different harvesting methods and different yield
levels, as indicated above.

Total production cost was higher for winter chickpea than for
spring chickpea in both provinces. This total cost should be
distributed beween chickpea grain and straw to obtain a measure of
cost per unit yield. Costs per Kg of grain and per kg of straw were
higher for both type of chickpea in Aleppo than in Hassakeh.

Gross margins of winter and spring chickpea: In estimating gross
margins, the imputed value of family labor is not included in the
variable costs. Thus, the gross margin represents the return to the
family's labor. The imputed value of family labor is included in
the estimated total producticn costs (Table 5.3.8). Thus, we can
see the contribution of family labor cost to total production costs
by comparing Tables 5.3.8 and 5.3.9. Family labor costs contributed
9-22% and 10-13% of total costs for winter and spring chickpea,
respectively.
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Results in Table 5.3.9 indicate that gross margins were higher
for winter chickpea than for spring chickpea by 23% and 102% in
Aleppo and Hassakeh, respectively. Comparing provinces, in Hassakeh
gross margins of winter and spring chickpea were 83% and 12%
respectively higher than in Aleppo (Table 5.3.9).

Table 5.3.9 Gross margins of winter and spring chickpea in Aleppo
and Hassakeh (SL/decare)

Aleppo Hassakeh Total

Winter Spring Winter Spring Winter Spring

Variable costs

Tillage 60.5 66.5 38.0 41.3 49.2 53.9
Seed 185.8 181.7 219.1 101.5 207.5 14l1.6
Seeding 10.5 17.9 6.7 5.2 8.5 11.5
Covering 10.0 7.3 15.5 14.8 12.7 11.0
P fertilizer 83.3 34.2 36.8 10.3 60.1 22.2
N fertilizer 32.4 23.7 9.9 1.4 21.2 12.5
K fertilizer 16.8 0.0 0.0 0.0 8.4 0.0
Irrigation 101.5 72.5 0.0 0.0 50.8 36.3
Weeding 80.0 8.4 7.2 0.0 43.6 4.2
Disease control 2.3 0.0 0.0 0.0 1.2 0.0
Insect control 33.3 3.1 0.1 0.9 16.7 2.0
Harvesting 234.4 127.8 248.2 272.7 241.3 200.0
TOT VARTABIE COST 860,8 543.1 581.5 448.1 721.2 495.4
Grain value 1385.5 965.4 1748.2 969.7 1566.9 967.6
Straw value 123.9 102.1 20.3 66.7 72.1 84.4
Residual value 1.3 2.0 1.6 .0 1.4 1.0
Gross production

Value 1510.7 1069.5 1770.1 1036.5 1640.4 1053.0
Gross margin 649,.9 526.4 1188.6 588.4 919.2 557.6

Note: There were 3 farmers growing spring chickpea in Hassakeh and 1 farmer
growing winter chickpea in Aleppo paying land rent. Average land rents, computed
from data for these farmers, were 500 and 106 SL/decare in Aleppo and Hassakeh,
respectively. Land rents were not included in the calculation of gross margin,
because mean value of the sample was too small to be representative.
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5.3.4 Summary and conclusions

In Syria, chickpea is the next most important lequme crop after
lentil. The comparison made in the present study of winter and
spring-sown chickpeas, in respect of actual on~farm cost and gross
margins, is the first one in Syria based on a large sample of
ordinary farmers growing these crops under commercial conditions.
All previocus budget data on winter chickpea were based on small
mumbers of farmers purposely selected to participate in on-farm
trials. Thus, the present study adds considerable legitimacy to the
findings of the earlier on~farm research, confirming them in the
"real world" of northern Syria.

Survey results indicated that: farmers applied higher rates of
phosphate and nitrate fertilizer on winter chickpea than on spring
chickpea; weeding is important for reducing yield losses in winter
chickpea; the average cost of combine harvesting was lower than that
for hand harvesting.

Average yields of winter chickpea were 78% and 64% higher than
those of spring chickpea in Hassakeh and Aleppo, respectively.
Economic analysis shows that in Aleppo province the cost of grain
production was 24.9 SL/kg for spring chickpea and 18.6 SL/kg for
winter chickpea, while in Hassakeh it was 15.8 SL/kg and 13.5 SL/Xq,
respectively. Further, when we compare gross margins, those for
winter chickpea were 102% and 23% higher than those for spring
chickpea in Hassakeh and Aleppe provinces, respectively.

Altogether, this research shows that the yields ard gross
margin of winter chickpea are higher than theose of spring chickpea.
However, this fact is not known by most farmers. Some efficient
extension work is necessary. Moreover, the government should take
steps to provide winter chickpea seeds and herbicides and a more
efficient marketing organization.
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During 1990/91 season, FRMP staff conducted a number of training
activities which included group training both at headquarters and in-
country, individual training and other miscellanecus training
activities.

6.1 Group Training Coursges

WMO/ICARDA training workshop on aqroclimatic analysis in

semi-arid areas

This training workshop was conducted at Tel Hadya in collaboration
with the World Meteorological Organization (WMO) during the period
6-17 October 1991. It was attended by 28 participants coming from

13 countries.

Survey methods and data collection

This coarse was conducted at Tel Hadya during the period 11-21

February 1991. It was attended by 15 participants coming from
different Agricultural Research Stations in Syria.

Soil and plant analysis
The course was attended by four participants, two from Syria and two

from Jordan. It was held at Tel Hadya during the period 10-21
February 1991.

Supplemental irriqation technoloqy

The course was attended by 10 participants from the Agricultural
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Extension Directorate, Syria. It was conducted at Tel Hadva during
the period 29 September to 10 Octcber 1991.

Camputer use of statistical analysis of agricultural experiments

This course was conducted in collaboration with the Computer Services
Unit at ICARAD. It was attended by six participants from Syria.

Farm survey methods

This was a sub-regional course conducted in cooperation with the
Agricultural Research Center, Libya. It was held in Misurata, Libya,
during the periocd 1-11 June 1991 and attended by participants from
Libya (10, Algeria (2) and Tunisia (1).

IDRC/ICARDA training workshop on regionalization of climatic data for
application in aqroclimatology

This was the first of three in-country training workshops on spatial
weather generation and crop modelling. It was held in Casablanca,
Morocco, during the priod 28 October to 1 November 1991 and attended
by nine participants from eight different institutes and services in
Morocco. It was conducted in cooperation with the Direction de la
Meteorologie Nationale (DMN) and Institut National pour la Recherche
Agronomique (NRA) in Morocco, as an activity of the IDRC/ICARDA
Project for Agroecological Characterization (PAC).

Satellite imagery for interpreting rainfall data

This course was conducted jointly with WMO in Geneva, Switzerland,
during the period 26~30 August 1991, It was attended by four
participants, two from Morocco and two from Turkey.
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Dryland agriculture
This course was conducted in Amman, Jordan, by the ICARDA Jordan
office, ut with major FRMP input, as part of the Mashreq Project,

during the period 13-22 October 1991. It was attended by
participants from Iraq (5), Jordan (4) and Syria (4}).

Crop modelling

This was an in~country training course conducted in Turkey during the
period 15-24 January 1991. It was attended by 21 participants from
Turkey.

6.2 Individual Training

Table 6.1 Individual training, degree-related

Name Country Degree University Topic
O.H. Ibrahim Sudan MSc Gezira Crop water use {wheat)
A. Mekhail Syria MSc Aleppo Effect of nitrogen fertilization and

supplemental irrigation on the yield
and quality of wheat

E. Afif Syria PhD Cordoba Phosphorus behavior in calcareous
s0ils of the Mediterranean region

M. Shahin Syria MSc Aleppo Crop rotations

M.A. Khazmeh Syria MSc Damascus Adoption of medics

M. Dbarwich Syria MSc Cukurova Econamics of chickpea production

A.H, Yousef  Jordan MSc Jordan Water balance of crop rotations
under different tillage/residue
practices

M.M, Khalaf Jordan MSc Jordan Nitrogen fertilizer management of

crop rotations under different
tillage/residue practices

A.S. Jabarin Jordan PhD Jordan Inpact of techrnology on the
production of selected field crops
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Table 6.2 Individual training, non-degree

Country Subject Duration
H.M. Swei Libya Soil and plant analysis 2 weeks
S.M. Hemaly Libya FSR methodologies and 2 weeks
economic evaluation of trials
S.I. Hraga Libva w 2 weeks
A.S. Hassan Syria Using PC for scheduling 1 week
supp. irrig. of wheat
F. Shami Syria " 1 week
M.E. Kahwaji Syria " 1 week
A.G. Zarka Syria Data entry and analysis 2 months
F. Hariri Syria n 2 months
A. Manlahassan (Ms) Syria FEconomic analysis of on-farm 3 weeks
trials
M.F. Sawaf Syria " 3 weeks
A.H. Hassan Syria Harvesting of experiments 3 weeks
S. Zinkah Syria " 3 weeks
F.G. Ted Syria Use of neutron proke 1 month
M.K. Beni Syria v 1 month
G. Tibi Syria Use of computer in statistical 3 weeks
analysis
M. Barbardi Syria " 3 weeks
M.A.H. Hassan Syria Planting methods 2 weeks
S. Zinkah Syria " 2 weeks
N.S. Khoury Syria Fertilizer recommendations 2 weeks
T. Khadra Syria " 2 weeks
W. Hosni Syria " 2 weeks
6.3 Miscelleaneous activities

A number of FRMP scientists, as in previous seasons, contributed to
training courses conducted by other programs, at headguarter and in-

countyy.



Michael Jones

Hazel Harris
Abdallah Matar
Mastafa Pala
Mchamed Bakheit Sa
Richard Tutwiler
Theib Oweis ?
Graham Walker °
Wolfgang Goebel
2hmed Mazid

Abdul Bari Salkini
Elizabeth Bailey

Karel Berrhard Timmerman ?

Dokhi Dozom
Mahmoud Oglah
Afif Dakermanji
Sonia Garabed
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AFPENDIY 3

FARM RESOURCE MANAGEMENT PROGRAM

Staff List for 1991

Program Leader - Barley-Based Systems
Agronomist
801l Water Conservation Scientist
Consultant - Scil Chemist
Wneat Based Systems Agronomist
iq ! Senjor Training Scientist
Adoption Anthropologist
Water Management Specialist
Agroclimatologist
Post-Doc fellow/Agroclimatology
Agricultural Economist
Agricultural Economist
VisitingScientist/Agricultural Economist
Post-Doc fellow/Wind Erosion
Research Assosiate T
Research Associate T
Training Assistant
Research Assistant II

Rafik Makboul Research Assistant IT
leith el-Mehdy Research Assistant II
Zuhair Arous Research Assistant IT
Atef Haddad Research Assistant I
Haitham Halimeh Research Assistant I
Nerses Chapanian Research Assistant II
Mohamed Salem Research Assistant II
Chalia Martini Research Assistant II
Hassan Jokhadar Research Assistant ITI
Mchamed Samir Masri Research Assistant IT
Shahba Morali Research Assistant IT
Hisham Salahieh Research Assistant IT
Mochamed Tahhan Research Assistant IT
Pierre Hayek Research Assistant T

Sabih Dehni Research Assistant I

Malika Abdul-ali Research Assistant T

Samir Barbar Research Assistant I

Mohamed 2ziz Kassem Research Assistant T

Ahmed Nael Hamwieh
Mohamed Lababidi
Issam Halimeh
Dolly Mousally

Research Technician IT
Research Technician I1
Research Technician IT
Research Technician II
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George Estephan Research Technician IT
Mohamed Zeki Research Technician I

Nabil Musattat Research Technician I

Shereen Baddour Research Technician I
Ghassan Kanjo Research Techincian I

Ralla Naeb Research Technician I

Ghazi Yassin Research Technician I

Ali Haj Dibo Research Technician I

Elianor Nasseh ? Research Technician I

Hayel el Shakher Assistant Research Technician
Jihad Abdullah Assistant Research Technician
Mohamed Elewi Karram Assistant Research Technician
Abdul Baset Khatib 2 Assistant Research Technician
Marica Boyagi Senior Secretary IIT

Katia Artinian * Secretary IT

Zuka Istanbouli Secretary I

1. Moved to the office of the Internaticnal Cooperation
2. Joined in 1991

3. Joined in 1990

4. left in 1991
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