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Statement of Objectives

The International Center for Agricultural Research in the Dry Areas
'ICARDA) was established in 1977 to undertake research relevant to
the needs of the agricultural systems of the West Asia and North Africa
region. The overall objective of the Center is to contribute towards
increasing the agricultural productivity in the region and thereby
increase the availability and quality of food in both rural and urban areas
and so improve the standard of living of the people.

The Center has five principal objectives:

¢ To conduct research into and develop improved cropping, livestock,
and cropping-livestock systems.

¢ To serve as an international center for the improvement of barley,
lentils, and faba beans.

° To serve as a regional center, in cooperation with other appropriate
international agricultural research centers, for the improvement of
other major crops in the region, such as wheat and chickpeas.

®* To collaborate with and foster cooperation and communications
among other national, regional, and international institutions in the
development of, adaptation, testing and demonstration of
improved crops, farming, and livestock systems.

¢ To provide and foster training in research and other activities to
furthsr its objectives.

The ICARDA region extends from Morocco in the west to Pakistan in
the east, and from Turkey in the north to Sudan in the south. It comprises
22 countries with a total population of more than 300 million. ICARDA’s
principal involvement in its region is with rainfed agricultural systems.
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Foreword

As early as 1930, Depois, a French agricultural scientist working in North Africa, advised plant
breeders that the variability of climate was such that testing under rainfed agriculture, without ir-
rigation, was an arduous task, if not an outright impossibility, in the Maghreb countries. Extrapolat-
ing between sites within the zone, let alone between countries, was rather fruitiess because resuits
were seidom repeated. If you cannot irrigate, do not experiment, he warned. If you can, then you
will need results from five years before you can make valid conclusions.

In 1961, Holme analyzed the available yicld data for cereals in Tunisia over several years. She
found that a crude frequency distribution for production over a five year cycle was one good, two
fair and two poor crops.

This climatic variability is characteristic of not only North Africa, but of the rest of the ICARDA
* region as well. Farmers in this area know only too well about the uncertainty of, for example, rain-
fall, and they have adapted their agricultural practices and even their life styles in order to survive.
Mixed crop-livestock systems, cropping patterns, land preparation, planting dates, etc., are all
chosen as part of farmers’ efforts to stabilize their incomes in such risky agricultural environments.

The message of Depois and Holme is that agricultural researchers must also consider this ex-
treme climatic variability and take care when analyzing results, setting research priorities and
developing recommendations for new technologies for dissemination in these areas.

At ICARDA, we realize the importance of climate to agricuitural research and are resisting the
temptation (0 claim successful findings prematurely. A look at the climatic variation during our
short tenure in Aleppo, Syria reinforces this perspective.

First, consider annual rainfall: at Tel Hadya, our main experiment station, 338 mm of precipita-
tion were received in the 1981-82 cropping season. This is close to the long term seasonal
average, but it must be considered in the light of a wide range of seasonal precipitation experienced
in the previous 25 years from 153 to 465 mm. We now have had five seasons at Tel Hadya with
annual pracipitation levels varying from 244 mmin 1978-79, to 425 mmin 1979-80; the annual
average for Tel hadya being 350 mm. Our results have not yet been tested in a real dry year. The
timing of the precipitation is also important. For example, the first rains, effective for crop ger-
wination at Tel Hadya in 1981-82, occurred over a month earlier than in the previous season.

Other short term meteorological events, such as frost, can also be important and are capable of a
large variation in intensity, duration and timing in Northern Syria. In 1981-82, medium intensity
and extended duration of frost severely influenced yields of < wide range in crops at Tel Hadya.
This contrasts with a highly productive season in 1979-80 in which extremely low temperatures
were recorded (close to -20°C) early in the growth season, yet without any apparent effect on
crop Yields.

We are certainly aware that extreme care must be taken in assessing the yencrality of research
findings, and several years’ research is required in this particular environment to j.roduce results.
Nevertheless, ICARDA has made progress this year in spite of two other uncertainties we faced:
political (particularly the war in Lebanon) and financial (particularly the shortfall in CGIAR funding).
We have pulled through and the Center has even experienced a period of dynamic and healthy

growth,
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The year began with the trensfer of most ICARDA staff and facilities from four offices in Aleppo
to the experimental station at Tel Hadya, about 30 km south of Aleppo. This consolidation has
given staff a remarkeble sense of cohesion which is amply reflected in performance and morale.

The year ended with another exciting step in the new era of development at Tel Hadya. On Ocz-
tober 21, at a gathering of distinguished guests, the Governor of Aleppo, on behalf of the President
of Syria, inaugurated the construction program for our permanent buildings. OPEC Fund and IFAD
have generously donated more than 6.5 million dollars for the development of two buildings: one s
a complex of scientific laboratories; the second is to accommodate the Training, Communicatior:s
and Administration departments, as well as the Computer center.

The year has been marked by a number of other developments and accomplishments:
A. The Training and Communications program has changed: Training has become an integral part
of the 4 research programs; and Communications, Documentation and the Library have been
grouped as an independent activity. This reorganization should lead to better training and more ef-
fective communication.
B. The scientific support services were re-organized and the various disciplines are now located in
the major research programs. Each commodity program now has its own plant pathology research;
microbiology and weed control became part of the Farming Systems Program, and the entomology
team joined the Food Leguume Improvement Program..
C. In February, the United Nations University, ICARDA and the University of Aleppo sponsored a
workshop on the interfaces between agriculture, food science and human nutrition. It was a
stimulating discussion by a multidisciplinary group of regional and international scientists on
agricultu:al development and rasearch priorities.
D. The Government of the Netherlands sponsored a workshop and seed production training course
in April which was attended by trainees from 10 countries in the region. The aim was to assist in
overcoming the inadequate seed production situation that exists at the national level.

E. Faba beans and lentils were the focus of an ICARDA/IBPGR workshop held at ICARDA in May.

F. Like other centers in the CGI2.R system, ICARDA experienced a most difficult and trying finan-
cial period from March to May. Intense activity and constant adjustment by the administration, as
well as the cooperation and patience of the staff, enabled ICARDA to survive this period of great
anxiety. The financial situation is still difficult, but not as difficult as at the begining of 1982.

G. New frontiers were opened for ICARDA when six ICARDA staff visited China in May. There is
great potential for collaboration in faba bean and barley research. Farming systems research and
training can play a positive role in developing contacts with Chinese scientists.

H. In the latter part of the year, ICARDA was engaged in the preparation of a medium-long term
plan for its research. This is a timely undertaking as it also represents a necessary part of our
preparation for the first Quinquennial Review of ICARDA, scheduled for April 1983.

I. Finally, a most valued development in 1982 was the intensification of ICARDA’s cooperation
with the Synan Ministry of Agriculture and Agrarian Reform and other organizations engaged in
scientific research in Syria. Collaborative research is now under way on the improvement of
cereals, food legumes, and forage crops.
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The growth and progress reported in this document would not have been possible without the
sustained, and often increased, support of our donors. Neither would it have been possible
without the healthy growing relationships between ICARDA and the research institutions in most
countries of the region, and in the developed countries of the world. Finally, our growth owes
much to the collaborative work we have conducted with other sister international agricultural
research centers.

ICARDA looks forward to the future with confidence and anticipates ignificant progress in all of
its activities; the goal being to improve the agricultural production and thus the economic and social
wellbeing of people who live in the ICARDA region. We hope that this annual report shows the
nature and scope of our research activities, and also highlights some of our accomplishments. We
also hope it attests to ICARDA’s awareness of the difficulty of improving food production in a
harsh and uncertain environment.

Mohamed A. Nour
Director General
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Under the auspices of President Hafiz Al-Asad of Syria, ICARDA’s ambitious
building scheme was launched on 21 October 1982. A memorial plaque was
unveiled by the Governor of Aleppo representing the Syrian Presidant. The
complete scheme will cost US $ 30 million, extending over a span of 5 years.
It is hoped that the first three phases will be completed within 2 vears. They
will comprise the Training and Communications building and two laboratory
blocks at a cost of US $ 11 million. The main spur to the start of the building
operations came from two generous donations for which ICAPDA is most
grateful: US $ 3.5 million from the International Fund for Agricultural Development
(IFAD) and US $ 3.165 millior from the Organization of Petroleum Exporting
Countries (OPEC) Fund. Another fund-raising campaign will be launched in the
spring of 1983 to obtain the additional funds required.

The two-storey Training and Communications building will include several
lecture rooms, an auditorium, the library, the computer services, offices for
editoria! staff, and the Director General's office. It will also accomodate the prin-
ting shop and the photographic and art units.

The two laboratory blocks will comprise laboratory modules and offices for
scientists and technicians. One distinctive feature of the design is the easy adap-
tation of the modules to meet the various requirements as for area and function.

The consulting architects are Giffels and Associates of Toronto, Canada; and
the contractor, Milihousing, the Syrian state-owned construction company.
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Meteorological Data
1981-82 |

The physical environmental conditions in

time and the first rains capable of causing

northern Syria at the beginning of the germination were recorded in early
cropping season were generally favorable November, approximately 5 weeks earlier
(Table 1). Rainfall was well distributed in than in 1980-81. Seasonally low
Table 1. Summary of meteorological data, ICARDA Research Station, Tel Hadya, 1981-82 season.
Latitude 35°55° N, Longitude 36°53° £, Altitude 362 m,
Datly air RH SR Eo Rain Wind
Weekly period temperature fun
Max. Min. Mean MJ
(°C) {°C} {°C) (%) (mi/d) {mm/d) {mm) (km/d}
1981
1-7 Oct 33.0 15.1 241 46.6 16.7 9.2 266.0
8-14 QOct 29.3 12.9 211 420 145 1.8 2017
15-21 Oct 21.7 9.8 18.8 420 13.7 5.5 46 155.4
22-28 Oct 285 1.1 19.8 414 131 6.6 156.9
29 Oct-4 Nov 252 11.3 18.3 51.6 94 47 3.6 194.8
511 Nov 18.7 3.8 11.3 52.0 1.3 48 43.2 240
12-18 Nov 15.5 6.4 11.0 66.4 8.3 25 13.6 226.3
1925 Nov 144 2.4 8.4 7.5 8.0 14 9.0 165.2
26 Nov-2 Dec 15.3 5.0 10.2 76.1 1.7 15 2.7 186.1
3-9 Dec 148 5.6 10.2 78.1 12 1.6 15.0 199.2
10-16 Dec 14.8 41 95 76.5 6.5 14 3. 17.8
17-23 Qec 149 4.6 9.8 n.1 16 1.9 59 258.7
24-31 Dec 13.3 6.4 9.8 82.8 4] 0.7 28.9 161.7
1982
1-7 Jan 109 6.1 8.5 88.5 3.7 08 151 2343
8-14 Jan 114 54 8.4 76.4 53 15 6.0 M6
15-21 Jan 12.0 3.3 43 56.9 1.1 3.0 179.0
22-28 Jan 11.3 0.2 58 64.6 19 23 234 2753
29 Jan-4 Feb 11.2 39 16 76.9 6.7 1.3 39.1 2281
511 Feb 96 -1.9 3.8 67.2 9.7 1.8 3.7 229.5
12-18 Feb 0.7 - 33 53.6 13.2 2.6 1721
19-25 Feb 12.5 , 6.3 64.0 114 26 11.8 331.7
26 Feb-4 Mar 15.2 38 94 68.8 105 3.0 104 261.7
511 Mar 15.7 3.1 95 68.9 13.0 3.0 6.9 228.8
Cont.
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TABLE 1 Cont.

Daily air RH SR E, Rain Wind

Weekly period tenperature run

Max, Min. Mean M

{°C (°C) (°C} (%) (m¥d) {mm/d) (mm} {km/d)
12-18 Mar 15.7 42 99 63.9 139 38 10.0 248.6
19-25 Mar 17.9 18 99 61.1 176 13 41 2107
26 Mar-1 Apr 19.1 0 96 51.8 18.9 5.7 1716
2-8 Apr 203 8.6 145 66.0 13.7 45 9.2 270.4
9-15 Apr 24,1 9.8 17.0 65.7 16.8 59 20 232.3
16-22 Apr 21.7 105 191 56.6 205 93 2619
23-29 Apr 23.1 10.2 16.7 66.1 15.2 5.7 1.1 2712.1
30 Apr-6 May 24.1 8.9 16.5 701 179 55 40.8 2113
7-13 May 2948 120 20.8 57.1 19.2 1.6 94 193.5
14-20 May 28.0 13.3 207 61.8 205 8.8 6.2 308.2
21-27 May 293 133 213 55.6 21.2 105 0.2 288.1
28 May-3 June 299 131 215 56.0 223 1.4 352.5
4-10 June 30.1 134 1.8 57.5 223 114 20 326.3
1117 June 33.7 113 25.5 435 23.7 170 499.0
18-24 June 35.7 11.2 26.5 3718 249 15.7 300.3
25 June-t July 381 17.9 28.0 32.7 233 17.8 362.8

RH = refative humidity 1%); SR = solar radiation {megajoules); E_evaporative demand.

temperatures with some frost occurred in
December and January (Table 2). However,
in February anticyclones resulted in minimum
temperatures that were consistently below
zero for a 3 week period.Lack of rain added
to the early damaging effect of low
temperatures. Most crops showed some
damage ranging in extent from minor loss in
leaf area to the more rare extreme of com-
plete crop loss at certain sites. However,
growth was retarded badly at all sites for
most of February and thus the development
of an adequate vyield bear-
ing structure was affected, particularly in
early maturing cultivars.

Later maturing cultivars were favored
this season by the highly atypical temporal
rainfall distribution. Large amounts of rain
were recorded in the late April to mid-May

period, especially at drier sites. These occured
in the mid-late grain filling period for early
cereal cultivars and considerably reduced
moisture siress effects.

The seasonal rainfall totals given in Table
3 show the odd situation in which the wet-
ter areas (zones 1a and 1b in Table 4)had a
drier-than-average season; intermediate
areas (zone 2) had a normal season, and
dry areas (zones 3 and 4) had a wetter-
than-average season.

Figure 1 shows that in the previous three
seasons, ICARDA's research center at Tel
Hadya received average or better-than-
average rainfall. The impact of very dry
years in Aleppo such as 19568-59,
1959-60, and 1972-73 has not yet been
encountered by the Center.

xvii



Aleppo

Tel Hadya
50Q" Y
- sl = —
£ s00F Ml I B e I r &
< | 2k ER=EEA 2 (2 ¥rE
£ ®]l© — | | = = ¥ o[ e
o 300- “jeo 3 -r] —— P | oen P
E. o) 'S p: G “t e «®
— N 2]
L]
E 2001 -
e 200 oo ] ™ o ’§ &
I\ [=2] K3 o™ (=] o
L7} o |y o aa—
z vy

100} ~

¥ L] L T T T ¥ ) L) L] T

L] |} T ¥ 1) T T L) T L 1 L L] L] L
1956 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 79 80 81 82
Seasons Seasons

Figure 1. Seasonal variaticn in precipitation at Aleppo during 1956-79, and at ICARDA's ree=arch station at Tel Hadya during 1979-82.

Table 2. Numt.r of frost days in 1980-81 and 1981-82 seasons.

JINDIRESS? KAFR ANTOON TEL HADYA BREDA KHANASSER
No. of Min No. of Min No. of Min No. of Min No. of Min
frost frost frost frost frost
days T°C days T°C days T°C days T°C days T°C
OCTOBER
1980 2 30
1981
NOVEMBER
1980 3 25 10 55 2 40 8 -65 8 -15
1981 4 .28 10 -40 ) 4 42 4 30 5 -6.0
DECEMBER
1980 1 40 15 -1.0 6 -36 14 45 17 50
1981 1 040
JANUARY
1981 2 25 1 10 3 24 6 -5.0 1 30
1982 9 5.0 13 6.0 11 6.0 9 6.0 g -40
FEBRUARY
1981 6 -20 13 40 7 -30 6 -2.0 10 -30
1982 16 -10 21 110 17 -18 17 8.0 18 -6.0
MARCH
1981 2 30 2 04 1 00
1382 10 5.0 18 10 1 42 9 48 16 -1.0
APRIL
1981 1 -15 5 3.1 3 25 3 22 2 20
1902 1 1.2
SEASONAL
TOTAL
1980-81 19 -40 5 -17.0 23 4.0 37 65 47 15
1961-82 39 7.0 63 -11.0 39 78 40 8.0 47 -1.0

a. For site locations see Table 3.
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Table 3. Seasonal rainfall (mm) in northern Syria in 1980-81 and 1981-82.

Long-term

Latitude Longitude 1380-81 1981-82 average

Lattakia 35°30N 37°47 895 517 784
Kamishly 37°03N 41°13¢ 566 384 480
Jindiress 36°23N 36°41°E 472 350 477
Kafr Antoon 36°32'N 37°02°€ 467 397 436
Tel Hadya 35°55'N 36°95°¢ 373 338 3719
Salamieh 35°00N 37°02°t mn 264 309
Hassakeh 36°30N 40°43°t N 284 279
Breds 35°55N 37°10°¢ 292 324 261
Khanasser 35°47'N 37°30°¢t 246 263 219

Table 4. Agroecological zonation of Syris.
Zona 1a  Average reinfall over 600 mm. A wide range of crops can be grown. Fallowing is nat necessary.

Zone 1b  Averaga rainfall between 350 and 500 mm and not less than 300 mm in two-thirds of the years surveyed. At least two crops 1an be grown every 3
years. The main crops are wheat, pulses, and summer crops.

Zone 2 Average rainfall between 260 and 350 mm and not less than 250 mm in two-thirds of the years surveyed. Two crops are normally planted every 3
years. Barley, wheat, pulses, and summer crops are grown.

Zone 3 Average rainfall over 250 mm and not less than this in half the years surveyed. One or two crops will yield in every 3 years. Barley is the principal
crop but some pulsas can be grown.

Zone 4  Average rainfall between 200 and 250 mm and not less than 200 mm during half the years surveyed. Barley is grown. The area is also used as
grazing land.

In general terms, 2ongs 1a and 1b can be referred to as 20ne A, 2o0ne 2 as 2one B, and zones 3 and 4 as zone C.
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FARMING SYSTEMS RESEARCH

Introduction

ICARDA's research was designed to include a farming systems orientation. The major aim
was to develop appropriate technologies that can be easily integrated into the existing farm-
ing systems in the region. This should increase the quality and quantity of foed, and in turn,
improve the well-being of the population, particularly the small-holdar and resource-poor

farmars.

Initially, the Farming Systems Program
(FSP) was expected to help set research
priorities for the Center and assure that
research findings of the commodity programs
were suitable for and acceptable to these
farmers. At first, the Program was hesitant to
accept this responsibility; there was no
theoretical basis on which to build, and there
were few staff trained in Farming Systems
Research (FSR). In the past five years, pro-
gress has been made in clarifying the
Program’s focus, developing an approach to
FSR, gaining experience in the region, and
conducting systems research. The benefits of
this research structure are becoming clear and
this is illustrated by research findings and
resuits from the 1981-82 cropping season.
The approach being taken to FSR is described
in this Introduction; the results of recent
research activities are then presented by pro-
jects in the subseaquent sections.

Farming Systems Research

As it is perceived within the Program, FSR s a
process that identifies problems limiting
agricultural productivity and then searches for
solutions to these problems. FSR is com-
prehensive in that an effort is made to evaluate
new technologies in the light of all the com-
ponents of the systems, including the com-
plex interdependencies of these components.
This process recognizes the resources and
constraints of the farming families (who are
both producers and consumers), and seeks
solutions that are relevant, useful, and accep-
table to these families. Research is undertaken
by multidisciplinary teams of scientists that
interact continually with the farmers for whom
the research is intended. This approach should
ensure that the research produces appropriate
technologies and, therefore, will be more easi-
ly and quickly adopted.



The FSP sees its research as a process that
passes through four stages: (1) diagnostic,
(2) design or experimental, (3) testing, and (4)
extension. FSR is problem oriented; a clear
diagnosis and definition of the problem are of
paramount importance if the effort to find ap-
propriate solutions is to succeed. This will
determine the composition of the team and
the allocation of research effort to the various
stages. Indeed, problem-oriented research
acts to keep the team together, the effort
focused, and on-schedule.

This process is dynamic and iterative
because there is a frequent return to previous
stages to clarify points as knowledge is gain-
ed, problems are confronted and research
alternatives considered. In addition, the
distribution between stages is not sharply
defined as there is much overlap, and several
stages are tackled simultaneously. Finally, the
process is flexible and adaptable to many cir-
cumstances and different problems. By
visualizing the research prccess this way, the
Program’s work is kept in perspective vis-3-vis
other scientists and the farmer as well.

Program Goal and Long Range
Objectives

The Program seeks to find strategies that will
add stability and improve the farming systems
in the region by increasing the technical and
economic efficiency of limited resources. Par-
ticular emphasis is placed on soil and water
resources, combined with improvements in
crop and livestock husbandry. To achieve this
goal, the Program has two over-riding objec-
tives that allow the design of strategies for in-
creasing agricultural production.

The first objective is to develop methods
and tools that are required to conduct FSR. An
agricultural system is determined by its natural
and human resources, historical development,
and the current social and economic en-
vironment. Because the ICARDA region is

4

large and diverse, these factors are found in
many combinations, and consequently, the
systems in the region are numerous.
Therefore, the FSP does not aim to develop a
new system or technology that has wide ap-
plicability or adaptability, but rather a process
that can be used to improve a particular
system and then be repeated elsewhere.

The second objective is to promote the use
of FSR as an efficient approach to solving
agricultural problems. FSR is a new approach
to agricultural research, and few people are
familiar with it. Thus, exposing scientists in
the region to FSR, and training them to use it,
is a high priority and will take a long time to
achieve satisfactorily. A first step is to test the
efficacy of the approach outside of Syria
(Tunisia has been chosen for this test) and
then adopt a training strategy to broaden the
geographical base to include other countries. It
is believed that a creative approach will have
to be taken towards FSR training. Developing
a regional FSR network is an idea that merits
consideration.

Research Projects, 1981-82

The FSP has a number of immediate objectives
that guide specific research activities. The
main thrust in 1981-82 was concentrated on
basic research (at the design stage) in search
of an understanding of the simple as well as
complex interrelations between plants,
animals, and human beings. Thus, it was im-
portant to assess the potential for increases in
productivity and find the means by which
these can be achieved.

The research was conducted in the following
five project areas:

Project |

Productivity of Rainfed Cereal Crops in
Mediterranean Environments.



Project i

Nitrogen Fixation, Productivity, and Water Use
of Grain and Forage Legumes.

Project ill

Crop Productivity and Profitability within
Rotation Systems.

Project IV
Livestock in the Farming Systems.
Project V

Environmental Zoning.

A large effort was allocated to research on
cereals (Project I). In the last three cropping
years a range of environmental conditions has
been experienced and there is a considerable
quantity of research findings that cover a
diverse number of topics relating to this
commodity group. While this research is not
yet complete, there is now a gond understand-
ing of the factors affecting crop growth, and
recommendations to farmers as agronomic
practices are now possible. This research has
lead the FSP directly into other activities such
as (a) on-farm joint-rnanaged (farmer and
scientist) trials, (b) complementary research
on legumes and crop rotations, (c) studies on
grain and straw use for animal feed and (d)
research on economic problems related to the
availability of purchased inputs.

A major effort on the subject of biological
nitrogen fixation (BNF) (Project |} indicates
that a large potential exists for legumes to
produce nitrogen, particularly when good
management practices are used. This poten-
tial decreases as the availability of water
decreases but even in the dry areas significant
amounts of BNF have been measured. The
research on crop rotations (Project lll) is con-
centrating on the barley/fallow rotation in
search of a forage and cereal-forage mixture
that would replace the fallow; results are
promising.

The livestock research (Project IV) has
shown that sheep performance can be in-
creased through improved feeding using home
grown feeds and pasture/forage crops. The
Program now has a better measure of how the
presence of animals influence the cropping
decisions of farmers. Finally, the recognition
of environmental zones (Project V) has been
useful in planning outreach activities. While
agro-climatic zones overlap with economic
zones, this research shows that basic research
allocation decisions solely on agro-climatic
zones will not be very effective.

Project I.
Productivity of Rainfed
Cereal Crops in Mediterra-

nean Environments

In extensive areas of West Asia and North
Africa, where winter rainfall is both limited and
erratic, barley, and to a lesser extent wheat,
are the principal crops Crop yields are affected
by envirormental, management, and
socioeconomic factors. Within the framework
of established crop rotations, the FSP scien-
tists study the traditional and new manage-
ment practices to determire their effects on
(a) the underlying process and rates of crop
growth as they are regulated by the physical
and nutritional environment, and (b) cereal
productivity within the limits of economic
profitability and social acceptability.

Greater understanding of these areas will be
helpful as agronomic recommendations are
developed for cereal production. They must
circumvent or alleviate the constraints in-
herent to agricultural production in the
ICARDA region, and thereby, help to improve
the living standards of the rural population.
Project | has the following four components:

1. Socioeconomic management. The
principal activity is a survey of barley produc-
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tion in Syria to gather information about cur-
rent practices and farming conditions with a
view to determining the constraints of in-
creasing production.

2. Cereal agronomy. This component aims
to identify and analyze limitations to cereal
productivity in environments that are typical of
the ICARDA region. The effects of seed rates,
nitrogen, and phosphorus fertilizers on various
yield parameters for wheat and barley varieties
have been studied for 3 years.

3. Physical environment. This component
focuses on the interactions between the
physical environment and factors under the
farmers control and the consequent effects on
plant growth and productivity of wheat and
barley.

4. Nutritional environment. This component
emphasises factors influencing soil fertility,
with particular focus on nitrogen.

Each component comprises one or more
studies, and their main findings are presented
below.

Component 1. Socioeconomic
Management: Barley Survey, Syria,
1981-82.

Our research on barley has shown that it is
possible for farmers to increase barley yields
and profitability by growing improved cultivars
for grain production, growing improved dual-
purpose types, applying phosphorus fertilizer,
and sowing with a seed drill. The relevance
and viability of these findings need to be
analyzed and assessed at the farm level.
Consequently, a survey was initiated in Syria
to berter understand the environment and the
way in which barley is produced.

In the barley survey in the 1981-82 season,
168 barley producers were each visited three
times. The first visit was in November-
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December 1981, at sowing time, when
socioeconomic information and data on pro-
duction practices were collected.

The second visit was in April 1982 to make
field observations on agronomy: plant physio-
logy, pathology, entomology, collect plant and
soi' samples, and obtain information on socio.
economic variables and production practices.

The third visit was in October 1982 to
gather information on yields, prod:iction, uti-
lization, storage, and marketing of tarley.

These visits were conducted by multidisci-
plinary teams of social and biological scien-
tists.

Preliminary Results

1. The differences in farming practices
between western (Aleppo, Idlib, Hama, and
Homs Provinces) and northeastern {Hassakeh,
Raqqa, and Deir-ez-Zor Provinces) Syria were
found to be greater and more complex than
expected (Table 1).

Table 1. Some practices in barley production {percent of farmers)in
Syiia, 1981-82.

Practice West Northeast
Planting by broadcasting 80 I
Planting by drills? 20 93
Fertilizer use: P,0¢ 28 1
Nitrogen 26 0
Barley grazed during the year®
{1925-51) Iprior to anthesis} 13 64
Crop grazed instead of harvested
{1980-81) 51 17

a. Some of these ‘drills’ are essential sophisticated mechanical means of
broadcasting, e.g., a drill hox plus disc, without shoes, or, a fertilizer
hopper and spinner for distributing seed on the soil, which is subse-
quently disced to cover the seeds.

b. The nature of grazing during the year is differant between the west
and the northeast. In the northeast most grazing is completed be-
tween emergence and mid-February. In the west grazing takes place
later in the year and in good years to prevent lodging.

{a) Even though the northeast appears
more mechanized, the level of technology is
substantially lower than in the west because
of differences in prevailing tenure arrange-
ments in the two regions. In the west, land is



typically owned or rented from other tarmers
and in the northeast, it is predominantly rented
from the State. When the tenant is a
resource-poor peasant, he often re-rents nis
land to large and mechanized share cropping
operators, who usually live in towns. Legally,
the share cropping contracts cannot be longer
than a year; thus there are no incentives to
employ anything more than a minimum tech-
nology. The result is that the land is being
“mined”’,

(b) Another significant difference is that in
the west, fallow is more often used in barley
rotations whereas in the northeast, barley is
grown more continuously (Table 2). This

Table 2. Usual crop rotations on the largest barley plot (% of a farms
in each region x zone) in Syria, 1981-82,

Zone@2  Zone 3 Zone 4
West NE West NE West NE

Barley-fallow 67 33 50 19 63 8
Barley-barley 13 2929 41 20 83
Barley-barley-fallow 19 33 8
Barley-legume-fallow 10

QOther 10 192 71117

a. See Meteorological Data 1381-82 in this report for characteristics
of zones.

situation in the northeast may be due to two
interrelated reasons: first, at low levels of
rainfall, fallowing and expensive land prepara-
tion to conserve moisture may not be
worthwhile from a technical viewpoint; and
second, the resource-poor peasant may not be
able to afford to give up a year’s crop and the
contractor farmer has no interest in fallowing
land that he can share-crop with annual con-
tracts.

Situations (a) and (b) result in the predomi-
nance of continuous barley “mining” the land.

{c) In the northeast there are important
interactions between the cultivated areas,
livestock, and the steppe. In some areas, there
are no qualitative environmental differences
between the steppe and cultivated areas,
which are contiguous with an arbitrary border
separating them.

Barley planted in cultivated areas is grazed
after plant emergence in January and the
beginning of February. This is not part of the
contractual arrangement between the peasant
and the contract farmer-share-cropper.
However, the absentee contractor farmer
tolerates this, because he cannot control it,
and because he does not want to jeopardize
the tenurial relationship. About the beginning
of February, by law and with the enforcement
of the security authorities, flocks are removed
from cuitivated areas and sent to the steppe
for grazing. Shepherds whose flocks remain in
cultivated areas face the penalty of having
their sheep confiscated.

Therefore, in the northeastern provinces,
not only is there “’mining’’ or over-exploitation
of the cultivated areas, but also increased
pressure on the remaining marginal lands in
the steppe.

2. Some technical observations from the
barley survey are given in Table 3. Analyses
indicate that the soils are deficient in phos-
phorus and nitrogen.

3. Barley production in Syria is particularly
influenced by climatic variables. Our studies
indicate that rainfall is the primary constraint
limiting barley yields. Yields in 1981-82 were
low due to the severe adverse weather, parti-

Table 3. Some summary physical information from the second visit of the barley survey in Syria, 1981-82.

Zone 2 Zone 3 Zone 4
West NE  West NE  West NE
Average P-Olsen {ppm) 6.4 (60)p 49 (691 7.3 (78) 43 12%) 7.5 {76 53 (581)
Average plant N (%) 1.56 1.45 1.56 1.7 2.1 1.6
Average plant population per m? 431 143) 349 (29) 242 (48) 320 (350 217 (50Q) 331 131)
Average plant height {cm} 36 128} 41 {25) 26 (27} 34 123) 21 {34) 32 116}

a. Figures in parentheses are the CVi%).




cularly repeated frosts. Farmer's expected
yields in the long term and expectations for a
poor year like 1981-82 are given in Tables 4

Table 4. Expectations by Syrian formers of long-term barlay yields.
Zone2  Zome 3 Zone 4
West NE West NE West NE

Average yield (kg/ha) 867 997 967 778 573 8&7
_ v 81 40 52 33 55 42

and 5. Two conclusions can be drawn from
this information.
¢ Yield expectations seem low; however
they appear to be realistic when com-
pared with actual performance within
the region. Under these circumstances
there is great potential for technical
development, provided it is gradual and
recognizes the constraints of the farmer.

kets, policies, etc) nor the farmers
appear to be ready for changes which
may produce vields of 4000 to 6000
kg/ha. Research geared to more realistic
targets will have a higher chance of
success.

* Farmers expect “‘poor’’ years to occur in
at least one year in 5 years. The
expected gross returns from a ‘“poor”’
year, e.g., 1981-82, are very low
(Table 5). A 20% probability of a year
with such low gross returns imparts a
significant degree of risk to barley pro-
duction. Therefore, farmers are reluctant
to invest in costly technologies. If
research is focused on increasing the
stability of yields, as well as increasing
yields, it is probable that the perceived
risks of poor years will become less
significant. This will increase the
chances of adoption and diffusion of

Neither the system (infrastructure, mar- technology.
Table 5. Expected barley yields and gross returns for 1981-822 in Syria.
Zone 2 Zone 3 Zone 4
West NE  West NE  West NE
Expected yields (kg/ha} 687 209 298 180 272 254
Expected gross returns (SLb; .a) based on
expected market prices 756 312 385 189 313 274
Expected gross returns (SLb/ha) based on
expected government prices 632 243 277 183 253 216

[

b. SL = Syrian Lira, 1 US $ 5.7 SL approximately.

These are based on products of averages and relate solely to grain yields. When gross returns fall below a threshold level, the fields will be grazed.

Component 2. Agronomic
Management

Seed Rate, Nitrogen, Phosphorus (SNP) Trial

This research component was designed to in-
vestigate the interaction between crop
management and environment (principally
rainfall). Field trials were established at five
sites spanning the steep rainfall gradient
(200-600 mm p.a.) found in Aleppo Province.
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At these sites a range of agronomic manage-
ment practices was examined to estimate
responses associated with environmental
variations. This work aims to determine the
most suitable agronomic management
packages for specific environmental condi-
tions.

A full analysis of the results should be
available in 1983; however some general
comments can be made now on specific
results (Table 6).



Table 6. Effacts of seed rates, nitrogen, and phosphate on grain yields of Beecher barley, tonnesfha (1 toane = 1000 kg), 1981-82.

Individual sites

Regression
Coeffts. Jindiress Kafr Antoon Tel Hadya Breda Khanasser
.................................................................................. BEEChEr DAlBY ....ooeocve et enes
Adj. Mean 3.09 3.68 3.34 1.74 0.95
S 0.02 0.02 -0.15%"* 0.04°** 0.25°°"
N 042°°* 0.26°°* -0.06°"* 0.08** 0.04%°*
P 0.15°* 0.10°°* 0.0 0.09°°* 0.13*°*
SN -0.02 0.03 0.00 0.00 0.12°"
SP -0.00 0.08° -0.08* 0.01 0.05°
NP -0.01 -0.i5 0.08* 0.02 0.04*
§? 0.00 -0.10 -0.07* 0.01 0.01
N2 0.14*°* -0.02 021 0.01 0.03*
P2 -0.04 -0.09 -0.12 -0.01 0.04°°

“** significantly different from zero at p< 0.01.
** significantly different from zero at p < 0.05.
* srgnmcanﬂy different from zero at p = 0.10.
Regression equation ; Y = a+byS+b,N+byP+b,SN+bgSP+bgNP+b; 87+b8N7+b9P7
where S = seed rate,
P - P205, and
N = Nitrogen.
For these regressions the data were transformed for each input according to the following schedule:
Independent variables

-2 1 0 1 2

level S 30 60 90 120 150
of N 0 30 60 90 120
input P 0 30 60 90 120

1. In 1981-82 Beecher barley again yield-
ed well at all sites and surpassed durum wheat
Sahl and bread wheat S311 x Norteno at the
wetter sites (Jindiress, Kafr Antoon, and Tel
Hadya) by a good margin. In the dry areas, it
yielded more than the local Arabi Aswad and
Martin barleys. At the driest site, Khanasser, it
yielded nearly 1000 kg/ha, whereas Martin
virtually failed, and the farmers’ crops in the
surrounding area were also very poor. Thus,
an improved variety appears to be a valuable
agronomic input, particularly in crrier areas.

2. Seed rates for Beecher barley had no ef-
fect on yields at the wetter sites, which im-
plies that the high seed rates normally applied
in areas with more than 350 mm arnual rain-
fall in Syria could be reduced (providing weed
control is not a problem). At the drier sites, a
high seed rate seems to be more effective.

3. At the two wettest sites, Jindiress and
Kafr Antoon, nitrogen application increased
yields for the third successive year. At the two
driest sites, Breda and Khanasser, the
responses to N in 1981-82, although small,
were generally positive, whereas in the
previous 2 years they were mainly negative.

The positive responses to phosphorus were
similar to those in previous years at the two
wettest sites. At the two driest sites they
were also positive, but due to the poorer
growing conditions in the early part of the
season, were not so large as the previous 2
years. The positive response to P is particular-
ly noticeable in a barley crop after a fallow
season. The responses of grain at Tel Hadya to
N and P were generally negative which is the
reverse of the general trends at the other sites.
However, this site is probably a special case as
it possesses a high level of natural fertility.



Table 7. Partial budget for Beecher barley at Breda, Syria, 1981-82.

Nil P,0g 60 KG P,05/ha

INCOME

Grain yield (kg) 1520 1740

Grain ravenue {SL) 1444 1653

Straw yield (kgl 1070 2810

Straw revenue {SL) 588 1545

GROSS REVENUE {SL} 2032 3198
INCREASE IN EXPENSES

Fertilizer :

Labor for application (SL) 10

Credit (SL) 15

Harvesting :

Labor, equipment, transport, bags, etc. (SL) 38

TOTAL CHANGE IN EXPENSE (SL} 207
NET BENEFIT {SL} 2032 2991

SL 24 perkg.

Cost of P,0¢ SL 0.95 per kg

Price of barley grain -

Price of barley straw - SL 0.55 per kg.

Labor for broadcasting fertilizer. = SL 10.00 per 120 kg of TSP
Both trials received 60 kg of N/ha, at a seed rate of 30 kg/ha.

lOOOT
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Figure 1. Increase in net benefit (Syrian lira, SL) from P,05 applied to
Beecher barley at Breda, 188182,

10

'2conomic Implications of the SNP Trial Resuits

The increased economic return from fertilizer
application, particularly P, makes it ver pro-
fitable to use. In Table 7, a partial budget is
shown that compares two barley plots at
Breda: one with no phospate and another with
an application of 60 kg P,0./ha. The increase
in the net benefit, derived from adding this
amount of fertilizer, is SL 959, Thus, the
benefit-cost ratio is more than 4.5, i.e., for
every Syrian lira spent, four-and-a-half Syrian
liras were earned, which makes this an attrac-
tive economic investment.

Figure 1 illustrates the increase in net
benefits at Breda at different levels of P ap-
plication. The most profitable level was 60 kg
P,0s/ha. The increases in net benefits at all
five different levels of P,0, are given in Table
8. At three sites 60 kg P,0O-/ha was the op-
timum rate. At Kafr Antoon and Khanasser,
the farmer would probably also apply 60
kg/ha; he would increase his net reven' 2 by a



Table 8. Increases in net benefit in Syrian Lira {SL) from using P,05 on Beccher barley in 1981-82.

.............. Pylg (KGINA) oo crrrerrsrnesscncneesrecsninnnnens
Site 3 60 90 120
Jindiress 689 10058 935 482
Kafr Antoont 293 359 405 418
Tel Hadya 57 7578 591 53
Breda 851 996s 951 548
Khanassert 284 567 569 657

These calculations follow the same procedure as used for Table 7. The fevel of nitrogen was held at 60 kg/ha and the seeding rate was 30 kg/ha for all calcula-
tions. Since both straw and grain were included, the computations tend to refute the previous statement that there was no fespanse to fertilizer application at

same sites.
a. Highest increase in net benefit at that site.

b. No clear, best choice as net benefits from applications of 30 and 120 kg/ha of P,0; are only slightly above the net benefit of 60 kg/ha.

very small amount if he used higher levels of P,
and it is unlikely that he would accept the

greater risks involved.

Residual Effects of Phosphate

At the two drier experimental sites, Khanasser
and Breda, the raiation is two crops of barley

after the year in which barley experiments are
grown. Therefore, it is possible to measure the
residual effects of P in the 2 years after ap-
plication. At the two wetter sites, Jindiress
and Kafr Antoon, there is one barley crop after
the cereal experiments, hence 1 year's
residual effect can be measured (Table 9).

Table 9. The direct and residual effects of 60 kg P,05/ha on Beecher barley yields, t/ha (1 tonne - 1000 kg), 1981-82.

Year when response was measured

1st year 2nd year 3rd year
Site Years when Total response
P over (n)
was applied X P.A. X P.1. X P.2. years
Khanasser 1973-80 1.80 0.84°°* 0.51 0.44** 0.6 0.16°** 1.44 (3)
1980-81  1.26 0.44°°° 045 0.06° 0.50 (2}
1981-82  0.88 0.26"°* 0.26 {1)
Breda 1973-80 1.76 0.32°** 0.64 0.24** 015 0.21°** 0.77 13)
1980-81  2.03 0.54°°* 0.42 0.23°°* 0.77 12}
198182  1.52 0.18°°° 0.18 (1)
Kafr Antoon 197980 331 032°° 218 0.30° 0.62 (2)
1980-81 . 0.32°° 1.66 -0.10 0.22 (2)
198182  2.51 0.20°"* 0.20 (1)
Jindiress 197980 2.78 0.20 1.65 0.28°* 0.48 12)
1980-81  3.08 0.30°"* 1.50 -0.04 0.26 {2}
198182 190 0.30°°* 0.30 11}

x is the mean yield obtained without phosphate, and with 20 kg N/Na.
P.A. is the direct yield increase over x obtained by applying 60 kg P,0¢/ha at planting.
P.1.is tha residual response to 60 kg P,0g/ha 1 year after application.
P.2.is the residual response to 60 kg P,0¢/ha 2 vears after application.

*** significantly different from zero at p < 0.01.
** significantly different from zero at p < 0.05.
* significantly different from zero at p < 0.10.

11



There was a steep decline in barley yields

after a barley crop the previous year.
The vyields of the second barley crop were
generally about half of those obtained from the
first crop (after fallow in the dry areas, and
after a summer crop of sesame at the two
wetter sites). The yield of the third successive
barley crop, at Breda and Khanasser, was ex-
tremely poor.

In the 1981-82 season significant positive
responses to residual > were again obtained at
the two drier sites, but not at the two wetter
sites. In previous seasons, responses have
been feund at all sites, except Tel Hadya. The
effects of residual P are generally observable
and add significantly to potential profitability
of phosphate application over the range of
environments.

Further Research

Based on our research into important farmer-
controlled management practices, it is now
possible to make ‘‘best bet’’ recommenda-
tions on management factors for specific en-
vironmental zones. Many years of cereal
breeding (at ICARDA and elsewhere) have
made improved wheat and barley varieties
available. These have been extensively tested
(under high levels of management), and as a
result the breeders are in a position to
recommend improved varieties for different
zones.

However, because a vast majority of
farmers in the region have limited resources, it
is extremely unlikely that many could afford to
adopt a complete “improved cereal farming
package’’. ICARDA and the concerned na-
tional programs should, therefore, be in a
position to recommend a clear order of
economic priorities to farmers in different
zories. Work planned in 1983 is designed to
provide the information needed.

Component 3. Physical Environment
This study, initiated in the 1979-80 season in
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order to complement the agronomic trials
reported in Component 2, was designed to
examine the influence of pnysical and nutri-
tional environment on the growth and pro-
ductivity of barley and wheat. Particular at-
tention is paid to five overlapping areas,
namely: (a) the effect of environmental fac-
tors on crop phenvlogy and the development
of a yield structure; (b) the crops’ ability to
maximize their interception of incident radiant
energy and the subsequent efficiency of its
conversion to dry matter; (c) the crops’
response to the rapid onset and the severity of
drought stress in Mediterranean en-
vironments; (d) the interactive effects of
nutrition and environment on phenology and
crop productivity; and (e) quantification of the
findings of items (a)-(d) for developing a crop
model driven by meteorological parameters to
predict crop maturity date and potential pro-
ductivity.

Research highlights from two sub com-
ponents of this study (c and d) are reported in
the following sections.

Barley: Effects of Physical Environment and
Nutritional Factors on Growth, Phenology, and
Productivity

Key fertilizer treatments were selected form
the SNP agronomic trial that would produce
different patterns of growth and yield in barley
(cv Beecher). In the 1981-82 season three
levels of fertilizer were studied at Jindiress,
Breda, and Khanasser. The treatments were:
(1) zero fertilizer, (2) P at 60 kg P,0/ha, and
(3) P at 60 kg P,0./ha plus 60 kg N/ha.

Some aspects of the data from the
1980-81 and 1981-82 seasons that are
based on comparisons between unfertilized
and fertilized crops are:

1. The large yield responses to fertilizer
application, observed across all rainfall zones,
were associated with large increases in
water-use efficiency (Table 10). Similar trends
were observed in the 1979-80 season.



2. Fertilizer application, principally P, had
the effect of advancing phenological
development; the effect began at early stages
of growth. This has important implications for
the analysis of crop growth and water use for
different crop development phases.

3. Increased grain yield from fertilizer ap-
plication was associated with increased total
drymatter yield. The differences in drymatter
production between ‘urtilized and unfertilized
barley occurred during the early stages of
growth; thereafter crops had generally similar
relative growth rates.

4. Fertilizer application resulted in increas-
ed ievels of drymatter production at anthesis,
but this did not result in an increase in the
fraction of the total water supply used by an-
thesis. This suggests that further increases in
early growth could lead to further field in-
creases.

5. In the results of the two seasons
reported here, yield increases were obtained,

in many cases, with no additional crop-water
use (Table 10). The depth of water extraction
was not affected by fertilizer application and
generally it coincided with the depth of the
wetting front. Increased growth of fertilized
crops appears to be asscciated with a greater
proportion of the total water supply passing
through the crop in transpiration, i.e., water
that would otherwise be lost by evaporation
from soil surface.

Wheat: Plant-Water Status Studies

in previous seasons we observed that
management practices, particularly the ap-
plication of N and P fertilizer, could change the
pattern of crop moisture use. This is caused by
an increase in, and earlier development of,
crop green area in response to improved fer-
tility. As a result, significant levels of moisture
stress can be experienced in the later growth
stages, particularly at grainfilling. Such

Table 10. Grain yield and crop-water-use efficiencies® (WUE) of barley, 1980-81 and 1981-82 seasons.

Cumulative WUE in grain WUE in total
Site Treatment Crop yield crop-water use production OM production
(kg/hal {mm) {kg/ha/mm) {kg/ha/mm}
1980-81
Jindiress No Fo 2200 n 7 16
N+ P 5000 352 14 34
Breda No F 1600 224 7 16
N+P 2600 214 12 33
Khanasser No F 1400 226 6 14
N+P 2200 220 10 25
1961-82
Jindiress No F 1400 323 4 14
N+P 2900 315 9 28
Breda No F 1300 218 6 18
N+P 2200 218 10 28
Khanasser No F 0400 210 2 6
N«+P 0900 210 4 12

a. Water-use eificiencies are based on crop-water use |evapotranspiration] from germination until maturity. Yields are expressed on a dry weight basis.

b. No fertilizer was appli~d.
¢. 60 KG of P,0; and 60 kg N/ha.
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stresses were recorded in the 1980-81
season and 1000 grain weights of fertilized

crops were significantly reduced.
in the current season this problem was

studied in greater detail. Plant-water potential
and diffusive resistance profiles were
measured on a wheat crop with variable fer-
tility treatments. These measurements were
made every 2 hours from before dawn (3:30
hr) to late evening (22:00 hr) at weekly inter-
vals from just before anthesis to maturity, at
Tel Hadya.

The wheat treatments at Tel Hadya, which
received additional N (90 kg/ha) as a top-
dressing, suffered severe decrease in their:
plant-water potentials (more negative) (Fig.
2), from preanthesis (5 April 1982) to early
grain filling (20 April 1982). The plant-water
stress was sufficiently severe by 20 April
1982 to cause a considerable increase in dif-
fusive resistance by mid-morning and this in
turn would decrease the current production of
photosynthate. Had this situation continued
until harvest, it is likely that 1000-grain
weights in the treatment with additional
nitrogen would have been significantly
reduced. However, iri the next week there
was 41 mm rainfall and this was foilowed by
an additional 24 mm in the subsequent 2
weeks. The amount is atypical and was suffi-
cient to relieve the moisture stress on the
crop: hence, no reduction in 1000-grain
weight in the high N treatment was recorded.

This experiment indicates that the higher
yields obtained from improved nutrition in the
seasons to 1980 are not achieved without a
consequent increase in the risk of a reduced
kernel size at harvest or ultimately severely
reduced grain yields.

Component 4.
Nutritional Environment

Nitrogen Dynamics in Soils in Aleppo Province

During the 1980-81 growing season the

mineral nitrogen status of soils was monitored
at five sites in Aleppo Province: Khanasser,
Breda, Tel Hadya, Kafr Antoon, and Jindiress.

Mineral nitrogen is defined as the sum of
ammonium- and nitrate-nitrogen. The ratio of
ammonium-nitrogen to nitrate-nitrogen in soils
at all sites tends to increase with increasing
annual rainfall. At harvest time, fallow plets at
all sites contained more mineral N {mainly in
the form of nitrates), i.e., 50-80 kg more
N/ha, than plots cropped with cereals. The
nitrate contents of soils in fallow plots at all
sites tend to fluctuate less during the season
than the ammonium contents. At most sites,
in particularly Breda and Tel Hadya, the onset
of rains is followed by an increase in
ammonium-nitrogen, presumably as a result of
mineralization of easily decomposable organic

Using an atomic absorption spectrophotometer to identify micro
nutrients in Soil samples.
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matterThis is illustrated in Fig.3 for Tel Hadya.
The decrezce in ammonium-nitrogen in
February and March is not accompanied by ar:
increase in nitrate-nitrogen, probably due to
immobilization of ammonium-nitrogen in the
biomass of the soil rather than to nitrification.

Nitrogen Fertilization

Because soils at most sites {with the notable
exception of Khanasser) are low to medium in
plant-available N, cereal crops at most sites
responded to the application of N fertilizer.
The N uptake efficiency (defined as the dif-
ference in nitrogen-uptake between a fertilized

400 . x Fallow
o Wheat (unfertilized)
. .
350 | Wheat (fertilized)
=300 ,/:\
< ;o\
-y I x|
—2s50f 1
=} / [l
) / '
3 / |
2200 oo
L}
2 L \ N 2° x
| 150 | N
~ oh <8 x°
\ [- R §
\\ x L]
100 |- AN o e
\\\ / x
sof 7
Plant uptake
0 ! - 1 1 1 1 L1 1 1 |

Figure 3. Dynamics of labile nitrogen in fallowed and crapped- plots at
Tel Hadya. (Labile nitrogen is defined as the sum of mineral N in the
suil (0-120 cm depth; and total N in the plant (cropped plots only).
Applied N fertilizer is not included in the labile N. At planting a com-
posited soil sample representative for the whole field was analyzed
{solid square). The broken line visualizes the dynamics of labile N, an.|
the dotted ling the dynamics of mineral N in soils in cropped plots.
Thus, distance between the two lines is a measure of plant uptake of
N.).
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and an unfertilized crop divided by the amount
of N applied) tends to increase with increasing
annual rainfall, i.e., from 30 to 40% at the
drier sites (Khanasser and Breda) to 70 to
80% at the wetter sites (Kafr Antoon and
Jindiress) (Fig.4). A similar trend was
observed at Tel Hadya, where the N uptake
efficiency increased from 59% under rainfed
couditions to 72% (157 mm) and 84 % (236
mm) with irrigation.

Nitrogen Balance

In a number of experiments at Breda and Tel
Hadya, 15N-labeled nitrogen fertilizers were
used to make up a mass balance for N in soiis
and to investigate whether losses of N occur-
red from the soil-plant system at these sites.
At Tel Hadya, 15N-recoveries were high: about
95% of the labeled material was recovered in
the crop (Mexipak wheat) and the soil at
harvest. This suggests that no significant
losses occurred at Tel Hadya during the grow-
ing season. At Breda about 80% cf the ap-
plied 1sN-enriched material was recovered in
the crop (Beecher barley) and in the soil at
harvest, which suggests that losses may have

—
(=]
(=]

[~ o Wheat
[ ® Barley o

o
o

N uptake efficiency (%)

- Kh Br TH KA Ji
0 iy Ly T L T i ]
200 300 400 500

Rainfall (inm}) in 1980-81 season

Figure 4. Relation between nitrogen uptake efficiency of barley and
wheal, end rainfall during the 80-81 growing season at Khanasser
{Kh), Breda {Br), Tel Hadya (TH), Kafr Antoon (KA), and Jindirass {Ji).
The simple correlation coefficient of r=0.75 is significant at 1%
level.



occurred at Breda during the growing season.
At both sites about equal amounts of
15N-enriched material were recovered in soil
and plant materials. Most of the 15sN-enriched
material in the soil (60 to 70%) was recovered
in the top 20 cm of soils at both sites (Fig. 5).
Nitrogen losses may occur as a result of am-
monia volatilization (the conversion of NH, in-
to NH,) or denitrification (conversion of NO,
into N, or N,0). Information available to date
suggests that ammonia volatilization is the
more likely loss mechanism. Immobilization of
mineral N in the biomass of the soil at both
sites occurred mainly during February and
March.

N - 15 Recovery

Conclusion

In Project |, components 1 and 2 are efforts to
understand and analyze socioeconomic and
biological constraints that face farmers in the
region. it is hoped that adaptable research
based on these results will allow the formula-
tion of viable and effective recommendations
for improved cereal production. Components
3 and 4 examine more deeply the dynamics of
crop growth and seek an understanding of the
complex interactions between nutrients,
physical environment, and other factors that
can be manipulated. Interaction between the
four components is expected to improve
ICARDA’s research efforts.

Plant
43% 49
N-15 Recovery (%)
0 % 50 0 % 50
0 ] 0 ]
—_— ]
37% 46% |Soil
50 1 50
Breda Tel Hadya 100+ 1004
Breda Tel Hadya
37% (46%)
cm (37%) cm

Figure 5. Schematic presentation of 15N recoveries in soil and plsnt materials, and the depth distribution of *5N-enriched nitrogen soils at Breda and

Tel Hadya.
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Table 11. Selected crops and levels of niansgement (H = optimum, L = farmer) for thrae rainfall zones in Aleppo Pruvince, 1831.82.

Zone <350 mm 350-450 mm > 450 mm
Lentil (L Lentit (L) Fababean (L}
Lentil (H} Lentil (H} Faba bean (H)
Chickpea  {H) Chickpea L} Chickpea (L)
Vicia {H) Chickpea  {H) Chickpea  {H}
Pisum  [H) Pisum  [H) Pisum  (H)
Fallow p'at Fallow Fallow
Non-nod.2 (barley) Non-nod. {wheat) Non-nod. {wheat)
Sites Nasrigh Tel Hadjar Jindiress

Breda Hayyan Segeraz

Ghrerite Te! Hadya.

a. Non-nod. = non-nodulating plant.

Project II.

Nitrogen Fixation, Produc-
tivity, and Water Use of
Grain and Forage Legumes

Research conducted by national programs and
ICARDA has indicated that nitrogen deficiency
is widespread within the region, and large
responses to nitrogen fertilizer have been ob-
tained by both farmers and researchers on a

variety of crops, However, many farmers can
ill afford the ever increasing cost of fertilizer,
and thus the importance of nitrogen
biologically fixed in the soil in association with
the grain and forage legume components of
the cropping system is very apparent.

There is considerable scope for the im-
provement of nitrogen fixation by manipula-
tion of the two partners of symbiosis, i.e., the
crop and Rhizobium, and by appropriate crop
management practices. In order to obtain
more information on the potential for increas-
ed nitrogen fixation within cropping systems,

Table 12. Manegement of grain and forage legumes at eight sites in Aleppo province, 1981.82.

Manage- Row kg/ha kg/ha Sitona
Crop ment Seeding date  Seeding rate width P-fertilizer N-fertilizer®  Inoc. control Weeding®
{cm} (2

Lentil {L}  Late winter 100 kg/ha 45 20 (a)
Lentil (HI Early winter 100 kg/ha 225 50 20 + + (b} + fa)
Chickpea (L) Spring 10 plants/m

row length 45 20 (a}
Chickpea {H)  Early winter 10 plants/m

row length 225 50 20 + (bl + (a)
Faba bean {L]  Early winter 10 plants/m

row length 45 20 (a)
Faba bean () Early winter 10 plants/m

row length 45 50 20 + (b} + {a)
Vicia/Barley (HI Early winter ~ 90/20 kg/ha 225 50 20 + + {b) + {a)
Pisum (H}  Early winter 10 plants/m 225 50 20 + + {b} + {c)
Barley Early winter 80 kg/ha 22.5 50 20 {c}
Wheat Early winter 80 kg/ha 22.5 50 20 (c)

L = Farmer's management; H = Optimum management.
a. Fertilizer will be placed with the seed. Al reatments hand planted.

b. la) = hand weedings; (b) = preemergence spray; [c) = postemergence spray.
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a collaborative project between the Farming
Systems Program and the Food Legumes Im-
provement Program was conducted during the
1981-82 growing season. The main focus of
this project was nitrogen fixation by grain and
forage legurnes at eight locations spanning the
250-550 mm/annum rainfall transect in
Aleppo Province. Crops were selected for
each location depending on their agronomic

109

suitability (Table 11) and were grown at two
levels of management to represent (a)
farmer’s current practice and (b) what at pre-
sent is thought to be optimum management
(Table 12).

The results obtained are interesting and will
guide the continuation of this research. They
are presented and discussed in the following
six, separate but interrelated, sections.

Soil Taxonomy

. Clay

. Sandy clay
. Silty clay

. Clay loam

. Sandy clay loam
. Silty clay loam

. loam

. Sandy loam

. Silt loam
. Loamy sand
. Sand

L
N = O W0 00~ O Oy o OO N

. Silt

90
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100 90 80 70 60

40 30 20 10

—e
Percent sand
Figure 6. Texture of surface horizons {0-20 cm depth) of soils at BNF sites. All sails are in the shaded area. Textures range from clay to clay loam

and loam.
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Component 1.

Soil and Soil Fertility at Biological
Nitrogen Fixation (BNF) Ex-
perimental Sites

Soil Texture

The texture of the soils at the BNF sites (plus
Khanasser and Kafr Antoon) is indicated in
Figure 6. Soils at Breda and Khanasser are
loam to clay loams in the surface horizon,
merging into silty clay and silty clay loam at
depth. The texture at Ghrerife and the wetter
sites is clay throughout the profile. Soils at
Kafr Antoon merge into the calcareous
substratum below 120 cm depth. Soils at Tel
Hadya have a heavy layer at 90-120 cm
depth, possibly kaolinitic clay, which probably
impedes root development.

The clay contents (averaged over the top
90 cm) at the different sites tend to increase
with increasing annual rainfall (r=0.78
significantly different from zero at p=0.05,
Fig.7). Soils at Hayyan, Jindiress, and Kafr
Antoon are deep-cracking, heavy clayc (Ver-
tisols).

Lime Content

Soils at all sites are calcareous; lime contents
range from 10% (Hayyan) to more than 40%
(Breda and Khanasser). At most sites, lime
contents are quite constant with depth. Only
at Breda and Khanasser are there clear clacic
horizons. At higher-rainfall sites there are no
horizons with lime accumulation, although
there is redistribution of lime in the profile (soft
lime spots).

The lime contents (top 20 cm) at different
sites tend to increase with decreasing annual
rainfall (r=0.79**) (Fig.7).

Organic Matter

Organic matter contents at all sites are low,
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ranging from 1.6% (Segeraz) to 0.5%
(Nasrieh). Organic-carbon contents in soils at
Breda and Khanasser decrease more steeply
with depth than at other sites. Carbon to
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Figure 7. Reletion between soil characteristics and estimated annual
rainfall at BNF sites.



nitrogen ratios at all sites are around 9, i.e.,
rather low.

Organic-carbon contents (0-20 cm) of the
soils tend to increase with increasing rainfall
(r=0.32, not significant). The correlation
between organic-carbon and annual rainfall
becomes highly significant (r=0.75**) if the
average contents of the top 120 cm are taken
as the basis for comparison between sites
(Fig.7).

pH and EC

Soils at all sites have quite similar pH values
{1:1 soil-water suspension), ranging from 8.0
(Jindiress, Segeraz, and Kafr Antoon)-to 8.4
(Nasrieh).

Electrical conductivity of 1:1 soil-water ex-
tracts are low at Tel Hadya and wetter sites
and are quite constant with depth. At the drier
sites, EC, increases with depth due to the
presence of soluble salts such as gypsum.
Salinity is not expected to impede plant

Available phosphorus (ppm)

growth at any of the sites, because of low
values of EC_, in the rooting zone.

Available Phosphorus

Available phosphorus contents (extraction
with sodium bicarbonate) are medium to high
in the top 20 cm of soils at Segeraz and Tel
Hadjar and low at all other sites. The higher
contents at Segeraz and Tel Hadjar may be
due to the use of phosphorus fertilizers in
previous years. Available phosphorus con-
tents of soils are low in horizons below the top
layer (0-20 cm) at all sites (Fig.8).

Mineral Nitrogen

Mineral nitrogen contents of soils at planting
are in the low range, except at Segeraz, which
seems to be quite high. However, without
knowledge of the nitrogen dynamics in these
soils throughout the growing season, it is dif-
ficult to predict the availability of nitrogen to
the crop.
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Figure 8. Distribution of available phosphorus (P-Oisen) with depth in soils at BNF sites. (Hay = Hayyan; Ji = Jindiress; T.Hjr = Tel Hadjar; Seg =

Segeras; Nas = Nasrieh; Ghr = Ghrerife; TH = Tel Hadya; Br = Breda).
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Component 2. Nitrogen Fixation
and Microbiological Studies

Native Rhizobium Popuiation

Composite soil samples were collected from
the sites before planting the trials. Estimations
of the Most Probable Number (MPN) of
rhizobia present in those soils were made with
a plant infection technique using a specific
host crop, which was inoculated with a series
of soil dilutions. As lentil, faba bean, and
Pisum sp. are all nodulated by Rhizobium
leguminosarum, counts were made on lentil
alone for convenience.

The same method was used for vetch and
chickpeas. Unfortunately, none of the soil
dilutions resulted in nodulation on chickpeas,
which may have been due to an inadequate
environment in the growth room. Thus
nodulation of the uninoculated plants during
early vegetative growth was used to provide a
measure of the native chickpea Rhizobium
population.

Table 13 gives the MPN of rhizobia present
at the locations of the crops being in-
vestigated. There was a native Rhizobium
population for vetch, lentil, faba bean, and
Pisum sp. present at all siies, but population
numbers were quite variable. Only two (Jin-
diress and Tel Hadya) of the eight sites had a
native Rhizobium population compatible with

chickpeas. Plants from Jindiress had more
nodules than those from Tel Hadya.

Nodulation and Nitrogenase Activity

Nodulation assays were made at the early
vegetative and early pod filling stages.
Nitrogenase activity of nodules was measured
by acetylene reduction at early pod filling. In
the early vegetative stage there were few dif-
ferences between treatments in nodule
status; however, by early pod filling dif-
ferences were apparent (Table 14), which are
discussed below on a crop by crop basis.

In all locations, faba beans with improved

v et

Identifying new rhizobium strains for biological nitrogen fixation,

Table 13, Mast probable number (MPN) of Ahizobia prosent (per gram dry soil} et different locations in Syria 1981-82.

Lentilf
faba bean/
Location Pisum Vicia Chickpea
Jindiress 1.7 x 103 59 x 103 0.0116.4)
Sageraz NA 1.8 » 104 0.0 0.0
Tel Hadjar 1.0 x 108 NE 0.0 0.0)
Hayyan 5.5 x 10 31 x 104 0.0 0.0
Tel Hadya 1.0 x 105 NE 0.0( 6.0)
Nasrigh 1.7 x 104 3.4 x 104 0.0 0.0)
Ghrerife 55 x 103 1.1 x 104 0.0t 0.0)

Figures in perentheses represent the number of nodules/plant formed during the vegetative stage in the uninoculated treatment.

NE = Not estimated.
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Table 14. Nodule mass, nitrogenasa activity, and total drymatter oroduction of five legume crops in diffarant locations in Syria under farmer (low) and optimum (high) levels of

crop managment, 1981-82.

Nodule dry wt. MC,H,/plant/hr MC;Hy/g. Total dry wt.

Crop Location _Amg/plant} __nodfhr ___lgfplant}
Low High Low High Low High Low High
Faba bean Jindiress 141.0 486.0 030 3.24 208  6.47 1042 23.74
Segeraz 396 5509 0.77 174 204 314 16.02 23.21
Tel Hadya 209.2 2801 077 1.0 280 410 121 14.23
Lentil Te! Hadjar 58 108 0.013 0.004 264 039 0.34 147
Hayyan 19 6.8 0.025 0.005 238 082 0.22 1.15
Nasrich 13 38 0.004 0.004 g 1.1 0.14 1.00
Breda 1.3 28 0.002 0.003 2.25 1.07 0.24 1.07
Ghrerife 1.0 42 0.003 0.017 168 441 0.22 0.80
Chickpea Jindiress 21.2 1452 009 085 an 453 0.32 4.44
Segeraz 85 731 0.001 0.0 012 1.40 0.19 0.72
Tel Hadjar 11.0 2876 0.002 0.9 016  3.36 0.29 2.89
Hayyan 138 122 0.012 0.014 091 1.13 0.25 0.24
Nasrieh 3193 0.313 097 267
Breda 54.4 0.35 0.63 1.26
Ghrerife 36.9 0.061 1.65 095
Pisum Jindiress 30.6 0.07 207 11.66
Segeraz 35.1 0.02 0.86 1.84
Tel Hadjar 78.1 0.26 3.29 10.93
Hayyan 23.0 0.02 0.94 3.64
Nasrieh 129 0.010 0.82 5.28
Breda 13.7 0.010 0.69 41
Ghrerife 9.2 051 5.60 1.82
Vetch Nasrieh 3.7 0.10 2.81 241
Breda 5.6 0.003 0.61 1.12
Ghrerife 24 0.006 1.30 0.70

23



management had a greater nodule mass than
those in the low management treatment. The
difference between these management
treatments was much greater at Jindiress than
at Segeraz and Tel Hadya. This suggests that
the introduced strains performed better in the
nresence of even a small native Rhizobium
population. The plants grown with improved
management had higher nitrogenase ac-
tivities, both in terms of ethylene production
and of nodule efficiencies, than grown with
unimproved management. This was reflected
in their drymatter productivity.

With improved management, lentil crops
had a greater nodule mass and produced more
drymatter than with unimproved manage-
ment. The greatest nodule mass was produc-
ed at Tel Hadjar whether the crops were in-
oculated or nct. This reflects the large native
Rhizobium pepulation. Nitrogenase assays
were made at the pod filling stage, but as this
was rather late for lentils, there was very little
difference in ethylene production between the
two levels of management. Nodules produced
at the lower level of management were more
efficient at this stage possibly because nodule
formation was delayed and the nodules were
younger. In most locations, chickpea crops
fixed more nitrogen with the improved
mianagement practices.

This difference was greater where the
native Rhizobium population required for
chickpeas was absent. Pisum crops were well
nodulated at all locations although the degree
of nodulation varied between sites. The
highest nodule mass was obtained at Tel Had-
jar and the lowest at Ghrerife. Nodules show-
ed their maximum activity at Tel Hadjar. In
contrast, nodules were the most efficient at
Ghrerife. This may have been the result of
significant rainfall at this site two days before
the assay was made. For vetcii, nodule
weights were greatest at Breda but fixation
efficiencies were greater at Nasrieh. The
greater efficiency may have contributed to the
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larger drymatter production obtained at
Nasrieh.

Nitrogen Fixation

The total drymatter production, seed yields,
and estimated nitrogen fixation of the grain
and forage legumes studied are presented in
Table 15. Since the 15N analyses have not
been completed, computation of nitrogen fix-
ation is still to be done. Nevertheless, at all
locations the trial followed a cereal crop in
1980-81, and the growth and N-uptake of the
non-nodulating crop indicated severe N defi-
ciency. An exception was at Segeraz where
the farmer had applied a heavy dressing of N
fertilizer to his wheat in the preceding season.
Because these sites were so N deficient, a
reasonable estimate can be made of N-fixation
by simply calculating the difference in
N-uptake between the nodulating and non-
nodulating crop.

As expected, there is a close relationship
between the total drymatter produced and
nitrogen fixation; it follows that a relationship
also exists between levels of nitrogen fixation
and potential productivity at different sites,
depending on the availability of moisture.
Figure 9 illustrates that nitrogen fixation by
three legume crops under optimum manage-
ment was related to rainfall. However, when
the low level of management data is con-
sidered, it would appear that other constraints
such as phosphate deficiency, weeds, and
inefficient root nodulation combine to reduce
the overriding effect of moisture availability.

The results (Table 15) aiso indicate a big
variation in the potential increase in nitrogen
fixation resulting from improved management
in all the grain' .gume crops. In faba beans, the
potential increase ranged from 54 kg/ha at
Jindiress to O kg/ha at Segeraz. In chickpeas,
the largest increase in N-fixation of 85 kg/ha
was found at Jindiress, but only 16 kg/ha at
Tel Hadya. In lentils, a 58 kg/ha increase oc-
curred at Nasrieh compared with 12 kg/ha at



180 Ghrerife. This large variation in the response of

0—o Pisum nitrogen fixation to improved management is
160 %—X Lentil due to a whole range of soil and environmental
o---¢ Chickpea factors, not all of which were investigated in
140f Vicia[Barley this trial. Nevertheless, when all the recorded

data have been more fully analyzed, a clearer
picture may emerge.
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While any conclusion is still tentative, the
data from the first year of this trial show thatin
spite of differences between crops and be-
tween sites there is considerable potential for
improving biological nitrogen fixation. In
general, this potential decreases from the
wetter to the drier zones. In 1982-83 poten-
e, tial fixation rates will be measured in greater
detail at three sites representative of wet (475
mm p.a.), intermediate (350 mm p.a.), and

Nitrogen fixation kg/ha
o o
S o
Al Ll

-8
(==
T

nNo
(=]
T

Jin. Seg. T/Hj. Hyn. T/H Nas. Brd. Ghr,

Sites in order dry (275 mm p.a.) conditions, and on addi-
of decreasing rainfall tional treatments particularly forage legume
550 mm 250 mm crops and forage legume/cereal mixtures.

Figure 9. Nitrogen fixation by Pisum, Lentil, Vicialbarley and chickpea
under optimum management as related to rainfail. (Jin= lindiress;
Seg ~ Segeraz; T/Hjr - Tel Hadjar; Hyn = Hayyan; T/H - Te! Hadya;
Nas = Nasrieh; Brd - Breda; Ghr = Ghrerife.

Table 15. Dry matter, seed yield, and nitrogen fixation of grain and forage legumes at eight locations in Aleppo Province 1981-82.

Total dry
Site/Crops Manage- matter Seed yield N-Fixatione
ment (kg/ha} (kg/he) {kg/ha)
Jindiress
Faba bean H 4980 2380 108 (3p
L 3040 1540 54 (19}
Chickpea H 6510 3440 94 (12
L 1740 990 9 (3)
Pisum H 5380 127 (1§)
Segeraz
Faba bean H 6590 3420 146 (13)
L 7090 3210 68 (1)
Chickpea H 4480 2920 60 121}
L 3590 2150 26 (M)
Pisum H. 4470 83 (33}
Tel Hadjar
Chickpea H 6330 3230 114 (5]
L 2880 1640 N
Lentil H 6440 1900 1 0n
L 110 1230 79 (7
Pisum H 5720 175 (8] Cont.
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Cont. TABLE 15

Tota! dry
Site/Crops Manage- matter Seed yield N-Fixation?
ment {kg/ha} (kg/ha} {kg/ha)
Hayyane
Lentil H 4280 1570 12 (6
L 2210 8o 25 (8)
Tel Hadya
Chickpea H¢ 2840 1170 3z 10}
) L 1850 960 16 (3)
Lentil H 3450 1280 59 (12}
) L 2920 1260 43 (5)
Pisum H 4430 89 (15)
Nasrigh
Lentil H 4130 1590 66 {4
i L 1400 540 8 (6}
Chickpea He 2000 880 12 (2)
Barley/Vicie H 2580 40
Brede
Lentil H 2140 720 29 (2)
L 1000 390 4 (2)
Chickpea He 780 450 4 {5}
Barley/ Vicia H 2080 2 (8}
Pisum H 2120 34 (14)
Ghrerife
Lantit H 1230 340 12 (8
L 790 180 0 {1
Chickpea H¢ 850 100 1 n
Barley/ Vicia H 1500 15 i5)
Pisom H 1200 17 (8
a. 15N anelyses not yet completad at AEA. N-fixation estimated as difference betwaen N-uptake of nodulating and non-nodulating crops. {See text for further
explanatation).

. Figuras in parentheses are standard arrors.

. All crops except lentils destroyed by children or frost.
. Severa Aschocyta blight during pod filling.

H= Optimum managament; L = farmer management.

a o o

Component 3. Soil Moisture
Studies

Trials were conducted at locations that cover
a wide range of average annual rainfall in order
to investigate the interaction between
moisture supply and production of a grain
legume (chickpea) and forage legume (Pisum).
In both crops, the improved management
treatment was selected to minimize variation
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among sites of factors other than moisture
supply. In addition to these two crops, fallow
plots were included at each location, and
moisture storage under fallow was in-
vestigated. These results are reported in Pro-
ject Il

Results

The total drymatter production, total water
use, estimated nitrogen fixation, and water



use efficiency data for Pisum are presented in
Table 16. In general, drymatter production
and water use declined with delining seasonal
rainfall. At the four wettest locations a
substantial water-use efficiency value of
around 20 kg/ha/mm was measured.
However, this value decreased considerably at
the three driest sites. Water-use efficiency
(WUE) values are derived from
evapotranspiration data that include both soil
evaporation and crop transpiration. Large
variations in WUE's (Table 16) are mainly due
to variation in the percentage of radiant energy
intercepted by the crop canopy ard its resul-
tant effect on the variable partitioning of
evapotranspiration into its two components.
Thus, at locations such as Jindiress (where
the maximum green area index of Pisum is
6.0), much less radiant energy reaches the soil
surface than, for example, at Breda (where the
maximum green area index is 1.7). Therefore,
at Jindiress a greater proportion of
evapotranspiration is being actively used by
the crop as transpiration rather than evapora-
tion from the soil. This is reflected in the higher
WUE value obtained at this site.

WUE can also be considered in terms of
nitrogen fixed (Table 16). It is apparent that,
because of a general relationship between
total drymatter and nitrogen fixation, the same
trends are observed. However, there is amuch
greater variation in the WUE for nitrogen fixa-

tion than for drymatter production at the wet-
ter locations. The small value obtained at
Segeraz may be associated with the high soil
nitrogen status. (see Component 1.)

Extractable soil moisture is the difference
between the maximum moisture observed ir. a
discrete soil depth interval and that at harvest.
These measurements are presented in Table
17. Because Pisum followed a cereal crop in
1980-81, there was no extractable soil
moisture at the start of the season. Thus only
depth intervals recharged by the rainfall in the
current season contained moisture available
for the Pisum crop. The extractable soil
moisture data in Table 17 reflect both the
depth of penetration of the current season
rainfall, and the depth of extraction of
moisture by the crop. These data emphdsize
the very restricted rooting depth of the crop at
the drier locations.

There is, at present, much interest in the role
that a forage legume could play in replacing
the fallow year in the barley/fallow rotation
practiced by many farmers. There is strong
evidence to suggest that a barley/forage rota-
tion will be much more productive and will
maintain greater yield stability over long term
(Project lll). These forage crops are harvested
for hay in mid- to late April before all the soil
extractable moisture has been fully utilized.
Thus, besides fixing appreciable nitrogen,

Table 16. Total dry matter (TDM), water use, nitrogen fixation, end water-use efficiency (WUE) of forage Pisum at seven locations in Aleppo Pro-

vince, 1981-82.

Rainfall-

germ. to

harvest TOM Water use N-fixation
Site (mm} kg/ha {mm} {kg/ha) WUE (1) WUE (2)
Jindiress 308 5380 252 127 1.3 0.50
Segeraz 322 4470 224 83 19.6 0.36
Tel Hadjar 285 5720 250 175 22.9 0.70
Tel Hadya 263 4430 214 9 20.7 041
Nasrieh 250 2700 210 61 129 0.29
Breda 245 2120 185 34 1.4 0.18
Ghrerife 21 1200 151 17 19 0.11

WUE [1) = kg TOM/ha/mm; WUE (2} = kg N fixed/ha/mm
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Table 17. Extractable soil moisture (cm/15 cm depth interval) under forage Pisum at seven locations in Aleppo Province, 1981-82

Depth

interval Jindiress Seregaz Tel Hadjar Tel Hadya Nasrigh Breda Ghrerife

(cm)
15-30 1.7 1.7 2.3 24 2.1 1.5 14
3045 1.3 13 21 21 20 1.3 0.8
4560 1.2 13 1.8 2.0 1.7 1.0 0.1
60-75 1.1 1.2 1.4 1.0 15 04
75-90 1.0 1.0 0.8 0.1 0.9
90-105 0.7 0.3 0.3

105-120 0.4 0.2

120-135 -0

135-150

Total 1.5 6.8 8.9 16 8.2 42 23

8. For rainfafl averages for these sites see chapter on Metearnlogical Data in this report.

?isum crop also leaves some residual soil
moisture from the current seasons rainfall
which, with timely postharvest cultivation,
can be stored. This is illustrated in Fig. 10,
where the moisture distribution under Pisum
at three dates is presented for two locations.
The dotted line represents the distribution at
the start of the season, and the other two

dates represent the distribution at maximum
profile recharge and at harvest. The shaded
area in Figure 10 represents the moisture
potentially available for next year’'s barley
crop. Research in Project Il indicated that
similar results are obtained with a vetch forage
crop in long-term rotation trials at Breda and
Khanasser.

cm moisture/15 cm depth interval

2 3 4 5 6
T T I T L

14 Oct 1981 10 Feb 1982

(=2
(=]

Soil depth (cm)
©
S
T

—

N
(=]
i

150 |-

Breda

180 -

2 3 4 5 6
T ) T T 1
~o 22 Apr 1982
30 |- 11 Sept 1982
21 Oct 1981
60 |-
90~
120
150 |-
180L Ghrerife

Figure 10. Moisture distribution under Pisum at two locations {< 275 mm) in northern Syria.
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Component 4. Crop Physiology

This study was begun in the 1980-81 season
to consider problems arising from the in-
troduction of winter sowing of chickpeas as a
potentially more productive management
practice than the tradional practice of sowing
in the spring. Cultivars for winter sowing must
possess enhanced resistance to Ascochyta
blight. If they do not, there is a risk of complete
loss in cool humid winter conditions. The
resistant cultivars that are currently available
can be separated into erect, and spreading
types. The interaction between environment
and plant type is a further major consideration
in this study as the erect forms, though they
are more disease resistant, appear to be in-
herently less productive than the spreading
types. Both aspects of this study are in-
timately linked to Component 3 of this Project,
which investigates the growth behavior and
moisture relations of legume crops.

Resuits
In the 1981-82 season, unlike the 1980-81

season, winter plantings of the spreading type
ILC 482 showed no advantage in seed yield
over the erect types ILC 202 and ILC 72
(Table 18). This resulted from a combination
of circumstances, the principal factors of
which were: (1) the heavy incidence of
Ascochyta blight on the pods of ILC 482,
particularly at Tel Hadya, which may have
been due to atypical late rain, and (2) the ef-
fect of extensive frosts in February which
seem to have had more impact on the produc-
tivity of the earlier maturing and less densely
planted cultivar ILC 482.

The unusually late but abundant rains and
some diseases incidence at Tel Hadya and
Breda also served to eliminate the expected
advantage of winter over spring planted ILC
482. However, an increase in yield was
measured at Jindiress where there was little or
no disease. The advantage of winter sowings
was clearly evident in the performance of the
resistant erect types.

Further data for detailed growth analysis on
the improved management plots of chickpea
and forage pea was collected from all eight

Table 18. Chickpea productivity in Aleppo Province 198182,

Cultivar & Nrymatter Harvest 100-seed
Site planting Seed yield production index weight
time {t/hae t/hae lgl
1982 (1981)
Jindiress ILC 482 W) 344 (4201 6.51 0.53 22.3
e 202 W) 314 7.38 0.43 245
IC 72 (W) 3.84 (3.24) 8.32 0.42 249
ILC482 (S) 1.37 (1.86} 2.4 0.57 25.8
Tel Hadya ILC 482 (W) 1.17 12.09) 2.94 0.40 205
ILC 202 (W) 22 450 049 253
ILC 72 (W) 1.92 11.38) 430 0.45 26.5
ILC482 (S) 1.43 10.80) 2.65 0.54 24.7
Breda ILC 482 (W) 0.45 10.99) 0.79 0.57 255
ILC 202 (W) 0.63 1.40 0.45 233
ILc 72 (W) 0.51 {0.28} 1.05 0.49 26.0
ILC 482 {S) 036 (0.74) 0.85 0.42 20.2

W = winter planted.S = spring planted.
8. 1 tonne = 1000 kg.
b. 1980—81 results.
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BNF trial sites. The analysis of these data is in
progress.

In the 1980-81 season the total moisture
used by chickpeas planted in the winter and
spring was similar at any one site and largely
depended on the amoiint of the current
season’s rainfall. In both winter and spring
planted crops, a marked cut-off point was
observed in the relationship between the frac-
tion of extractable moisture remaining in the
soil profile and the crop’s ability to increase
transpiration loss in response to increasing
atmospheric demand (Fig.11). Moreover,
significant differences were observed in the
patterns of crop-moisture use between winter
and spring plantings.

As aresult of these findings, the relationship
between moisture supply and plant-water
status was considered in greater detail in
1981-82. This was examined at weekly in-
tervals from preflowering to maturity at Tel
Hadya. Plant-water potential measurements

1.0 T T Q01—
b o
-g 0.9r //
:f.,_,’ 0.8F / ¢ Jindiress
E ok g oTel Hadya
E ) o/ X Breda
® 06 i E, Evapotranspiration
1
E: 0.5 L ¥ E, Evaporative demand
o !
.S 04| ‘//‘
g B
g 03F /x
D™ 0 2 -,O
a o 4
o 0.1F
m"‘ l i 1 1 1 | 1 L J J

0 0.1 0.2 0.3 0.4 050.6 0.7 0.80.9 1.0

Fraction of total extractable
water in root zone

Figure 11. The influence of extractabls moisture on the relative value
of the EJE_ retio of winter and spring-sown chickpea at thres loca-
tions.

were taken at intervals of 2 hours from before
dawn (3:30 hr) to late evening (22:30 hr) on
winter-planted ILC 482 (spreading type) and
ILC 72 (erect type) and the spring-planted ILC
482. The diurnal plant-water potential profiles
(Fig.12) indicate that in winter-planted ILC 72
overall stress increased throughout the neriod
from 21 March to 20 April 1982 (Fig. 12 A,
B, and C). By 18 May 1982 plants were
unable to recover high (less negative) potential
values during the night. In contrast, spring-
planted ILC 482 showed no change in plant-
water potential profile during the same period
mainly because the canopy was still small;
water use increased later in the seacon.
However, in the period close to maturity (3
weeks later) the diurnal plant-water profile of
ILC 482 was similar to that of ILC 72 at a cor-
responding stage of development (dotted line,
Fig. 12 C). This suggests that the soil
moisture reserves are depleted to comparable
levels. The similarity between plant-water
potential profiles in ILC 482 and ILC 72 as
both near maturity, indicates that the
development of pre-dawn potentials in the
region of — 1.0 to — 1.5 MPa and/or minimum
(most negative) values of —2.0to —2.5 MPa
may cause the onset of maturity.

In the 1982-83 season we will continue our
studies on the effect of physical environmen-
tal factors on the growth of legume crops in
association with a proposed root development
study.

Component 5. Survey of Lentil
Production in Syria

At an early stage in its development, ICARDA
recognized that there was little available in-
formation on legume crops. especially on
production practices of lentils by farmers in
the region and the role that lentils play vis-a-vis
the other productive enterprises of the lentil
farmer. Therefore, a survey was conducted in
Syria during the growing season of 1978-79



and 1979-80 to collect this information. The
Project was conducted jointly by the Food
Legumes Improvement Program and the Farm-
ing Systems Program. One hundred and fif-
teen lentil farmers in 52 villages in Syria were
interviewed on their farms; each farmer was
visited four times. Now that the Computer
Center is operational, the information on this
crop is being re-analyzed in order to under-
stand better the relationship among variables
that were found to be important.

A summary of the findings is given below to
illustrate the value of this kind of research. In-
cidence of weeds and limited use of fertilizer

are two factors that may be suppressing lentil
yields.

Summary of Results

1. Yields vary greatly (Table 19). Major
yield constraints as seen by the farmers are:
irregular rainfall; insufficient phosphate fer-
tilizer; weed infestation (especially Oroban-
che); lack of mechanical implements,
especially tillage and harvesting machinery;
pests, particularly pod borers; and
temperature fluctuation during flowering.

2. The use of phosphorus and nitrogen on
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Figure 12. Diurnal variation in plant-water poizntial on three dates for ILC 482, spring planted and ILC 72, winter planted, dense. Final (pre-harvest)

readings for ILC 482 (as on 7 June 1932} also shown.
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Table 19. Yields (kgiha) of lentils in Syria, 1977-78 to 1979-80.

Normal year;

1977-78 1978-79 1979-80 farmer's

estimate

Average grain yield 1080 610 1020 1070
Spe 430 650 440 340
Range 0-2000 50-1750 0-2000 300-2000
Average straw yield 1250 930 1270 1220
Spa 500 530 530 450
Range 150-2800 200-3000 0-3000 250-2800

a. SO = Standard Deviation.

lentil production was found to be so variable
among the farmers in the sample that provi-
sion of fertilizer recommendations by ICARDA
would be beneficial to the farming community.
At present, many do not use chemical fertilizer
nor manure and those who do use fertilizer
show considerable variation in the quantity
applied. For example, phosphorus application
was found to vary from 50-250 kg TSP/ha.
Although ICARDA at present has general
agronomic recommendations on fertilizer ap-
plication in lentil production, an economic

analysis of the benefits from applying fertilizer
would currently be of value in guiding farmers
to determine their most profitable fertilizer
management practice (Table 20).

3. Weeds can be a serious problem. More
than 46 % of plots in the sample were heavily
infested and 29% were moderately infested
by different species of weeds. Only 2% of
plots were weed free. Overall, weeds com-
prised more than 20% of total vegetation; in
Hama Province, the figure was 33%. Farmers
estimate that weeds cause, on average, a

Tabla 20 Distribution of fertilizer use in Syria, 1979.80.

Large Small Overall
holders holders Zone 1 Zone 2 sample
PHOSPHORUS 1L |
TSP kg/ha
0 A 67 55 37 50
50-60 8 0 2 li 3
90-120 27 16 18 30 ya|
130-170 ya| 8 17 li 14
200 9 6 5 16 8
250 4 3 3 3 4
Total 100 100 100 100 100
NITROGEN
Urea kg/ha
0 75 78 78 73 11
50 » n 3 b 10 I
100-120 10 9 9 10 10
130-160 4 8 li 3 6
350 0 2 0 4 1
Total 100 100 100 100 100
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20% vield loss (Table 21).

Weed infestation was greater in Zone 2 than
in Zone 1, which could be due to more fre-
quent cultivations performed in Zone 1.

The timing of cultivations before sowing
and soil tilth condition are recognized by 71%
of farmers as the most important factors af-
fecting weed populations. Seed rate (49%),
rainfall (30%), frequency of cultivations
(22%), fertilizer application (16%), and rota-
tion {9 %) were also mentioned as factors in-
fluencing weed populations.

Due to the increasing shortage and cost of
farm labor, manual weeding is becoming less
frequent (33% of farmers weeded once, 5%
twice, and 1% three times). Manual weeding
is carried out by the family when possible or
sometimes by neighbors.

4. Straw is an important component of
total revenue in the production of lentils

(Component 6). Lentil grain yields vary more
than straw vyields. Straw acts to stabilize in-
come over time, makes up a higher proportion
of total biological yield in dry years, and also
commands a higher price in such years.

6. Lentils play an important role in summer
crop rotation with cereals in northern Syria.
The fact that lentils benefit soil is recognized
by farmers. However, few understand the
biological nitrogen fixation capability of a
legume plant.

6. Lentil production is sensitive to the
economic environment, and the area sown in
the recent years has decreased due to a fall in
the price of lentils relative to other crops, and
to a rise in the cost of manual labor. Lentil
production currently uses more manual labor
than cereal crops.

Processing of the survey data by computer
will substantially improve the usefulness of

Table 21. Weed infestation in lentil crop in Syria, 1979-80.

Zone 1 Zone 2 Combined
percent of plots
I Level of infestation
Nit 23 0.0 1.7
Low 216 10.0 23.0
Moderate 26.4 36.7 29.0
High 43.7 53.3 46.3
Total 100.0 100.0 100.0
Il Dominant type
1. Broad leaf weeds 43.5 73.5 51.3
2. Grassy weeds 20.0 0.0 14.9
3. Both 1 and 2 weeds 235 16.7 217
4. Orobanche 35 0.0 26
5. Both 1 and 4 weeds 9.5 10.0 9.6
Total 100.0 100.0 100.0
Plant/m? Plany/m?2 Planym?
Ill. Plant population
Broad leat weed 43 76 52
Grassy weeds 17 7 14
Orobanche 5 2 4
Total 65 87 70
Lentils plants 259 m 272
Total 324 398 342
Weeds as percent of total plants 20% 2% U%
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the survey. The Farming Systems Program in-
tends to proceed with multiple regression
analysis, mapping of production practices and
problems, and prepare a more refined
classification of farmers and farm
characteristics. A report will be submitted in
the spring of 1983 to complete the study.

Component 6. On-Farm Trials

Most farmers cooperating in the on-farm lentil
trials gave two main reasons for not sowing
lentils earlier in the year, i.e., weed infestation
and increased risk of frost damage. The trials
on early vs late sowing over the past 3 years
have given some evidence that, on average,
greater yields may outweigh these disadvan-
tages (Table 22).

Increased yields of grain and straw obtained
from early sowing generally produce more
gross revenues. An average of SL 142 more
revenue per hectare was gained from early
sowing, after subtracting the cost of an extra
weeding. However, variations in yield be-
tween years were substantial due to the effect
of time of sowing treatments (Table 22).

In the first year of the on-farm trials,
1979-80, an advantage of SL 775 per hect-
are was achieved from early sowing of lentils.
In 1980-81, the comparable revenues of the
early and late sowing were nearly identical,
differing by only SL 19 per hectare. In
1981-82, the late-sown trials showed greater
average revenues, i.e., SL 367 per hectare,
which is a considerable economic disadvan-
tage of early sowing. The range of year-to-
year variation in comparable revenues was
greater for the late-sown trials than for the
early sowings; if it is established that early
sowing stabilizes and increases the profits of
lentil production, the practice will interest
many Syrian farmers.

Trial sites were selected partly to avoid
areas with notorious weed problems, e.g.,
Orobanche-infested areas. Thus, the above
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results may not apply to lentil farms in general.
Even with two weedings, the early-sown len-
tils may suffer serious yield declines relative to
the normal sowing on sites where weed
populations are heavy. Thus, further trials are
justified to define, more precisely, the condi-
tions (especially weed environments) under
which early sowing is more successful than
late sowing.

Project lll. Crop Productivity
and Profitability within
Rotation Systems

Improvements in crop productivity can be
achieved by introducing new technologies
within traditional cropping rotations or by
changing the rotations. The interaction of the
many factors involved needs to be understood
from an economic as well as agronomic
viewpoint before any changes can be pro-
moted within the region. Project Ill is designed
to test new techniques and crop varieties in
proper rotational sequence and to refine future
research.

Component 1. Socioeconomic

Perspectives

Twenty years ago, the agricuitural sector in
Syria began a process of modernization, the
speed and scope of which was in sharp con-
trast to the long period before 1960, when
agricultural techniques were primitive and
agricultural development was stagnant. Since
1960 rapid and wide ranging changes have
taken place; the Syrian peasant has switched
from the animal-drawn feddan plough to
tractor-drawn tillage implements, and from
hand harvesting and threshing to a combine
harvester.

Although these changes were profound,
others, equally important, can be observed
today. Land reform, improved transportation

Interviewing farmers about crop rotations.

facilities, and changes in communications
have contributed to completely modifying the
agricultural environment. As a result, people
living in these areas are having to adjust to
new circumstances and incentives. The ad-
justment process is just beginning and is slow;
the system is no longer in equilibrium. This has
created problems, some of which are severe
and deserve immediate attention.

In the past 20 years, tremendous disparities
in potential have developed between
agricultural regions, and all regions have not
equally benefited from new techniques. For
example, in the marginal areas, modernization
has been restricted to partial mechanization.
These areas are located in the drier zones of
sedentary agriculture, and production per unit
area is stagnant or even declining. The
neighboring areas have increased their pro-
ductivity, and the relative importance of the
marginal villages has been dramatically
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reduced. Due to their lower potential, com-
pared with higher rainfall and irrigated areas,
the marginal villages are neglected by
government agricultural policy; yet, the plight
of marginal villages goes beyond development
policies.

Compared with areas that have increased
their productivity through modernization, the
cost of sheep production in the marginal areas
is higher and thus less profitable. In some
cases the returns are negative, and this raises
questions about the future prospects of sheep
production in these areas.

The situation becomes even more critical
when the resource base is examined. Villages
that were recently settled are suffering from a
decline in soil fertility, which can be very
acute. If the degradation process continues
during the coming years, which it is likely to
do, it would surely jeopardize the system'’s
future. Declining production and profitability
have caused other changes in the villages. In
general, agriculture in this area has become
either a soil ‘mining’ activity or a secondary
activity depending on the availability of off-
farm employment; the latter is becoming more
common as off-farm income increases.

The future prospects of the marginal villages
are critical not only for the area, but also for
the country as a whole, and there is an urgent
need to improve them The plight of these
villages is highly related to the modernization
process at the national level. If it is to succeed,
an approach aiming to provide suitable im-
provements will have to take into account the
on-going evolutionary process and the forces
affecting it. Instead of simple technical
changes, the area requires a strategy that
combines technical and socioeconomic im-
provements.

Therefore, a need exists to develop a
specific research effort that focuses on these
villages and integrates the technical and
socioeconomic components of the problem.
Such an effort will use and provide feedback
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to the more technically oriented research
discussed in the following sections, with par-
ticular reference to the drier areas, i.e., 350
mm rainfall or less.

Component 2. Rotation Trials at
Breda and Khanasser

Two-Course Rotation Trial

This season is the second year of a two-course
rotation trial at Breda (275 mm rainfall) and
Khanasser (220 mm). The objective of this
research is to compare, from technical and
economic perspectives, existing and alter-
native rotational systems that could make the
use of land resources more profitable and
provide a more stable source of food and in-
come, while maintaining or improving soil fr.r-
tility.

Traditional rotations under study are barley/
fallow and barley/barley, and alternative
rotations are barley/vetch with and without
fertilizer, barley/chickpeas and barley/len-
tils with fertilizer.

Results. Yield data obtained in 1981-82 are
given in Table 23. There was a marked dif-
ference in barley yields in response to the ap-
plied treatments, particularly at Breda (from
490 kg/ha in Bo/Bo to 1710 kg/ha in B /F).
Seed yields of barley grown after fallow at
Breda were the highest of the rotations
studied. Barley yields following chickpeas (the
latter yielding 790 kg/ha in 1930-81) and
lentils (yielding 615 kg/ha in 1980-81) were
also promising. Barley/chickpeas and
barley/lentils were the two most productive
rotations after the barley/fallow rotation. Un-
fortunately, the chickpea yields in 1981-82
were infested by Ascochyta blight and were
very low. This may affect the results of this
rotation next year as well. Yields of vetch plots
where fertilizer was applied were about 2000
kg/ha. Given the high cost of animal feed
these yields are likely to be highly profitable.



Table 23. Yields and yield components of barley, vexch, chickpea, and lentils in two-course rotation at Breda and Khanasser, 1981-82.

Breda? Khanasser?
Treatment Total DM Grain yicld Grain yield
(kg/ha} {kg/ha) {kg/ha}

Bo/F 3700 1470 940
Bnp/F 5250 170 120
Bo/Bo 1300 490 640
Bnp/Bnp 2790 920 780
Bo/Vo 2380 870 850
Bo/Vp 2500 870 960
Bnp/Vo 2890 1020 830
Bnp/Vp 3220 1120 1020
Bnp/Lent. p 1250 690
Bnp/Ch.P. p 1320 1010

LSD {0.05} far . 740 150 217

barley yield:
Vo/Bo 1200
Vo/Bnp 1830
Vp/Bo 1800
Vp/Bnp 2010

LSD 10.05) 260

for vetch
Ch.P./Bnp 980 160
Lent./Bnp 2580 860

a. Breda results given here are from combined yields. Combining was done atter severe storm. Hand harvesting of 1 m2 quadrats before the storm gave higher
vields. An estimate of grain loss due to storm was established and used to correct combined yields. {Mean value of estimated grain loss = 290 kg/hal.
b. No vetch, lentil or chickpea yields are available from Khanasser, as these crops were completely destroyed in late winter by birds and frost.

B - Barley; F = Forage; V = Vetch; Lent. = Lentil; Ch.P. = Chickpea.
0 = No fertitizer; n = Nitrogen added; p = Phosphate added.

At Khanasser, the yields were generally
about 25% lower than at Breda and the
treatment effects were less.

The effect of rotation on yields is highlighted
when unfertilized treatments are compared.
At both [ocations, the highest yields wer. ob-
tained in the barley/fallow rotation; yields from
continuous barley were the least. At Breda,
the barley grain yield of the barley/vetch rota-
tion was 78% more {380 kg/ha increase) than
continuous barley; at Khanasser it was 33%
more (210 kg/ha increase). The increase in
barley yields after a fallow are even more
dramatic when compared with continuous
barley. This increase was 200% (a gain of
980 kg/ha) at Breda and 47 % (a gain of 300
kg/ha) at Khanasser. These yields, at Breda at
least, were greater than expected. The cropp-

ing history of the plot always plagues rotation
trials. In this case, the plot was in fallow for 2
years prior to the barley crop, and this may
explain part of the 200% increase. In the third
year of these trials, this problem should be less
important.

Yields of barley after vetch at Khanasser
were not significantly different from barley
after fallow; at Breda, barley/vetch yielded
less barley grain than barley/fallow. The barley
yields in the barley/vetch rotation were about
the same at both Breda and Khanasser (870
and 850 kg/ha, respectively), which was less
than expected at Breda. A possible explana-
tion is that vetch was mixed with barley in
1980-81 (at Breda barley comprised 69% of
the total drymatter produced, and 57% at
Khanasser), which resulted in poor nitrogen
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fixation by the vetch crop and decreased
yields in the second year. This effect was less
important at Khanasser due to the high
nitrogen levels in the soils at this site. During
the 1981-82 season, the vetch treatment
was a pure vetch stand, and next year’s
results will reflect more accurately those of a
barley/vetch rotation.

There was a large barley yield response to
fertilizer application only at Breda, in contrast
to the previous season where a significant
fertilizer effect was observed at both loca-
tions. Phosphorus increased vetch yields even
when applied to the barley phase of the
barley/vetch rotation. However, residual
phosphorus did not appear to affect barley
yields in this same rotation when applied to
the vetch crop. This year’s resuits suggest
that the most efficient way to apply
phosphorus is in the barley phase of the
barley/vetch rotation and in combination with
nitrogen. In this way, barley production is in-
creased and vetch is still able to benefit from
the residual phosphorus.

Fertilizer application failed to increase grain
yields significantly at Khanasser this season,
contrary to 1980-81, even though the total
amounts of annual rainfall were similar (246
mm in 1980-81 vs 250 mm in 1981-82).
Temperature and rainfall distribution,
however, were different this season. Frost
damage was more severe than in 1980-81,
and rainfall distribution was characterized by a
dry period from mid-February to the end of
April when most growth normally occurs (34
mm in 1981-82 vs 69 mm in 1980-81). By
increasing vegetative growth and thus
moisture use in the beginning of the season,
fertilizer may add to the water stress during
dry periods and at the end of the season during
grain filling, thus reducing grain yield.

Moisture Studies

This season, soil moisture was monitored in
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the unfertiiized barley plots at both locations
and on vetch in Breda. A vetch crop was not
obtained at Khanasser due to frost and bird
damage.

Results. Profile recharge occurred from the
start of rainfall until mid-February, when max-
imum recharge occurred at both locations
(Figs. 13 a,b and c). Less recharge occurred at
Khanasser than at Breda and in general, did not
extend beyond 105 cm depth in the fallow
plots and 75-90 cm in the other treatments at
either site. Rapid profile discharge, due to in-
creased plant growth combined with a dry
period, occurred at both sites from mid-
February until the end of April, when late rains
slightly recharged the soil.

Studies conducted this year on fallow
management at Breda and Khanasser in-
dicated that water storage is possible under a
well-managed fallow. This is confirmed by the
results of 1981-82 Bo/F moisture use(Fig.13)
where 12 mm available moisture at Breda and
6 mm at Khanasser were stored in the fallow.
Although very small, these amounts were us-
ed very efficiently; 1 mm of stored water
yielded approximately 30-40 kg/ha of grain.

In the continuous barley rotation at Breda,
growth was so poor that the crop could not
extract all the available moisture in the soil
profile. This is in contrast to barley following
vetch and indicates that a nutrient deficiency
is a major limiting factor in continuous barley.

The vetch crop did not use all available
water stored from the current season rainfall
{(Fig. 13 b). The reason is not poor growth, but
early harvesting of the crop for hay (mid-April).
This moisture can be saved for next season’s
crop, if cultivations can provide a good mulch
layer shortly after harvest.

At Breda, water-use efficiency (WUE) was
greatly increased by fallowing, which pro-
duced 6.8 kg grain/ha/mm and 17.2 kg
drymatter/ha/mm, compared with 2.6 and
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7.0, respectively, in continuous barley (Table
24), At Khanasser there was little difference in
water-use efficiency between treatments,
except in continuous barley which was less
efficient in using water.

The inefficient use of water from ger-
mination to anthesis in all treatments at
Breda (Table 24) was caused by the very
low proportion of the evapotranspiration
that was accounted for by transpiration
from the crop. In addition, the accumula-
tion of drymatter in the roots is not included
in drymatter production measurements.
From anthesis to maturity, however, WUE
was greater in the Bo/F treatment and ap-
proached Fisher’s predicted value of
transpiration efficiency of 45 kg/ha/mm for
April and May in Aleppo. This greater rate
of WUE in Bo/F between anthesis and
maturity was due to the development of a
much greater ground cover by the crop
(about 75%). Transpiration constitutes a
larger proportion of the measured E,. Root
growth in cereals effectively ceases at an-
thesis, and drymatter production is then

more accurately reflected by measuring the
above-ground part of the plant.

In 1982-83 more intensive research will
be conducted to obtain data from the rota-
tion trials, aiming to develop a better
understanding of soil nutrient and moisture
dynamics of the different rotations and the
climatic constraints on crop growth.

Component 3. Moisture Conser-
vation in Fallow

Fallow Moisture Studies

Much work has been done on the role of
fallow in the cereal/fallow rotation system
in the Mediterranean environment. In-
variably barley after fallow outyields barley
after barley, and this has been confirmed
by farmers and scientists in the ICARDA
region. The major factors involved in this
difference appear to be water conserva-
tion, available nutrient accumulation (prin-
cipally nitrogen), weed control, ease of
seed-bed preparation, and control of
diseases.

Table 24. Barley and vetch yields and water-use efficiencies (WUE) in the two-course rotation trial at Breda, 1981-82.

DM oM E, E, Total WuEa WU WUEe WUE?
anth. matur. Seed Germ. Anth. E,
(15/4) (6/5} yield anth. matur.
Treatment (kg/ha) {kg/ha) {kg/ha) {mm} {mm) (mm}) (kg/ha/mm}
Bo/F 2486 3700 1470 178 37 215 140 32.8 17.2 6.8
Bo/Bo 1609 1300 430 158 29 187 102 32.8 7.0 26
Bo/Vo 1935 2380 870 178 K] 209 1.4 14.8 12.0 44
Bo/Vp 2203 2500 870 178 N 209 124 9.6 12.0 4.2
Harv.
{15/4)
Vo/Bo 1200 159 15
Vo/Bnp 1830 7 10.7
Vp/Bo 1900 164 1.6
Vp/Bnp 2010 170 11.8

a. Germination-anthesis.

b. Anthesis-maturity.

c. Total WUE. .

d. WUE of seed yield.

8. Higher yields obtained at anthesis than at maturity.
See Table 23 for treatment details.
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It has been established that little
moisture conservation is achieved by cur-
rent levels of farmer-managed fallow in
areas receiving less than 300 mm rainfall.
However, there is potential for increased
moisture conservation when fallow land is
well managed. Moisture conservation
studies were continued at several locations
in Aleppo Province in 1981-82 (Fig. 14).

Results. The moisture distribution on three
dates during the season is shown in Figure
13:(a) start of the season, (b) maximum
profile recharge, and (c) at 2 months prior

to seeding the following season’s crop. The
shaded area represents moisture stored
from the current season. It is expected that
between 6-12 mm of further evaporative
loss will occur before the profile recharge
starts in the 1982-83 season.

Optimum fallow management was
achieved by rotavating to a depth of 25 cm
in late spring. The deep, uniform tillage us-
ed in this treatment would be difficult for
farmers to duplicate using local im-
plements. From 2 years data there appears
to be a general relationship between rainfall
andmoisture storage. Even under optimum
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Figure 14. Moisture loss under fallow managed at optimum levels during summer manths, 1982, at 5 locations in N. Syria.
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fallow management it seems that no
moisture can be expected to be stored in
areas receiving less than 260 mm of annual
rainfall, and this may be true for even wet-
ter areas where local management prac-
tices are used.

To investigate whether moisture can be
stored with these practices, a very simple
trial was carried out in the 1981-82
season. A simple comparison was made at
Breda (275 mm rainfall p.a.) on fallow
management using a farmer’s duckfoot
cultivator. The cultivator was set up by the
farmer with a single bank of tynes at a
45-cm row width. In one treatment the
land was cultivated by one pass of the im-
plement, and in the second treatment the
land was cross cultivated a second time on
the same day.

This cultivation followed the last heavy
rainfall at the end of April.The moisture loss
was monitored by use of a neutron probe
with four access tubes per treatment. Initial
results from this trial clearly show that the
deeper, more even soil mulch achieved with
the cross cultivation has significantly
reduced the rate of soil evaporation during
the summer months. Because of these in-
teresting results, a more detailed fallow
management trial is planned for the
1982-83 season.

Component 4. Cropping Systems
and Crop Rotation Experiments at
Tel Hadya

Long-term, large-scale trials were

established at Tel Hadya in 1978 to ex-
amine typical two-and three-course rota-
tions. The management of these rotations
was varied to compare an improved
agronomic package and the traditional
farmer practice. Treatment details are
summarized in Table 25.

Data from two seasons (1980-81 and
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1981-82) are reported in Tables 26 and
27. These results are currently inadequate
to arrive at any specific, long-term trends,
but some generalized comments can be
made. Owing to the large size of these trials
(currently occupying 50 ha), agronomic
management in the improved practice
rotation proved to be a problem given the
available resources. This, coupled with
seasona’ climatic variation, is reflected in
inconsistent and variable yields. In general,
however, improved management increased
cereal yields in all rotations; y=t, there was
no clear indication that the management
practice affected lentil yields. Data on
surnmer crops were severely affected by
the very low sesame yields in 1980-81 as a
result of a severe disease infestation.

The vield of cereal crops, following either
forage or fallow, showed no differences in
1980-81 but yields were reduced in 1981-82
in the piot following forage. More time is
needed, and an economic evaluation of all
components in these trials will be necessary to
determine whether a forage/barley rotation
can effectively replace the commonly prac-

Table 25. Cropping sequences in Two-and three-course rotational trials
at Tel Hadya, 1978-79 to 1980-81.

Two-Course Rotations

Rotations Deep soil Shallow soila
years 1978-79 1979-80  1978-79 1979-80
1 SC W F B
2 SC+ W+ F+ B+
3 Fo+ W+ Fo+ B
Three-Course Rotations
1978-79 1979-80 1980-81
1 L SC W
2 L+ SC+ W+
3 SC L w
4 Fo+ SC W

F = Fallow; B = Barley; Fo = Forage; W = Wheat; L = Lentils.
+ = |mproved management; SC = Summer crop: Water melon or sesame.
a. A soil survey showed that only a small proportion of the soil is shallow.




ticed fallow/barley rotation. It is clear that
replicating farmers’ practices on an ex-
perimental station is difficult and perhaps not a
valid exercise. Fesearch on crop rotations will
change focus next year and more alternatives
to a two-or three-course rotation will be con-
sidered.

Conclusion

Results obtained from this Project suggest
that it is possible to increase crop productivity
in marginal, low rainfall areas, by the in-
troduction of new technologies and by
changes in the traditional crop rotations.

Project iV. Livestock in the
Farming Systems

Animal production accounts for 30 to 40% of
the value of agricultural output in the countries
of North Africa and West Asia. Demand for
meat and milk products in particular is expand-
ing rapidly due to human population growth
and rising incomes, and it is necessary to in-
crease production to satisfy this demand.,
However, the producers of these products are
as important as the consumers; they are often
resource-poor farmers with small areas of
cultivated land and a few sheep and goats.

Table 26. Crop productivity from two-course rotations at Te! Hadya in
the 1980-81 and 1981-82 seasons.

Table 27. Crop productivity from three-course rotations at Tel Hadya
in the 1980-81 and 1981-82 seasons.

Cropping season
1980-81 1981-82

Treatment

Shallow sail
1. Barley {grain kg/ha)
Barley after fallow
Traditional management
Barley after fallow
Improved management 47268 2555
Barley after forage
Improved management 2256 1613
2. Vetch \Total drymatter kg/ha)
Vetch/barley mixture after barley
improved management 2282 361N
Vetch/wheat mixture after wheat
Improved management 1877 A
Vetch/wheat mixture after
water melon
Improved management 2530 2301
Deep sl
1. Wheat (grain kg/ha)
Wheat after sesame
Traditional management 2264 1321
Wheat after sesame
Improved management 40482 26222
Wheat after forage
improved management
2. Sesame {grain kg/ha)
Sesame after wheat
Traditiona! management 69 160
Sesame after wheat
Improved management 17 150

2388 2654

1986 1092

a. Significant effect of management.

Cropping season

1980-81 1981-82
Wheat
Wheat after [entil
Traditional management 2440 1299
Wheat after water melon
Traditional management 2366 1648
Wheat after water melon
Improved management 41402 33462
Wheat after water melon 2342 1706
Lentil
Lentils after wheat
Traditional management 1149 897
Lentils after water melon
Traditional management 1552 137
Lentils after wheat
Improved management 9326 1559
Sesame
Summer crope :.fter lentil
Traditional m3nagement 81 4156
Summer crop sfter wheat
Traditional n-anagement 54 g
Summer crop & ‘ter lentil
Improved management 44 3097
Summer crop after forage
Improved management 22 4162

a. Significant effect of management.

b. Sowing was delayed.

c. In 1980-81 the summer crop was sesame and in 1981-82 it was
water melon,
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In this region, livestock are so completely
integrated into the farming systems that
research aimed at increasing animal produc-
tion must take into account that it com-
plements crop production. The aim of
livestock research in this context is to find
ways of increasing farm income while raising
the supply of animal products for consumers
and enhancing ecosystem stability.

In the following section, some highlights of
the livestock research are presented to
demonstrate the approach being used. The
research is organized into three components:
crop-livestock systems, animal production
from forage crops, and performance of
Awassi sheep.

Component 1. Crop-Livestock
Systems

Forage and Grain Values of a Barley Crop

Few crop management decisions in the drier
areas are taken without considering the feed
demands by livestock, and few livestock
management decisions are taken without
regard to the availability and prices of these
feeds. One very close relationship between
sheep and barley management is illustrated by
the farmers’ decision to harvest a crop for
grain or use it for direct grazing by sheep.

The relationships between harvest costs
and the economic values of barley grain and
straw when harvested and the standing crop
when grazed directly, are presented
graphically in Figure 15. Some simplifying
assumptions are:

1. Prices are constant through time and
across locations.

2. The frequency distribution of grain
yields is stable through time for a given cultivar
and location, but differs between locations (as
between Khanasser and Breda, Fig. 15c).

3. Harvest costs, grain, and straw values
all increase as grain yield increases (Fig. 15a).
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4. The direct grazing value of a standing
crop (line dg in Fig. 15b) also increases with
grain yield and is positive even at the lowest
grain yields.

The shaded area in Figure 15b represents
the contributions of forage to the total value of
the crop. Grain yields are so low at Khanasser
that farmers would have little interest in barley
cultivation if there were no demand for forage.
At Breda, average grain yields are nearly dou-
ble those at Khanasser, and are rarely low
enough for farmers to decide to graze rather
than harvest. Nevertheless, forage values at
Breda add substantially to the total value of

the crop.

A farmer may be indifferent when choosing
two cultivars if one exhibits lower grain but
higher forage values than the other. Such an
ambiguous case is illustrated in Figure 16.
What cultivar A lacks in grain yields, relative to
cultivar B, is compensated by its superior
grazing and straw values. Another cultivar
with the same yield distribution as cuitivar B
could be considered superior to both cultivars
A and B, if its forage value were only slightly
higher than that of cultivar B.

Barley is Syria's number one forage crop
with most of its above-ground biomass being
used in one way or another by livestock. More
research is needed to develop cultivars
superior to the local ones with respect to
mature forage quality and quantity, and grain
yields.

Livestock-Crop Survey Results

An important objective of the livestock studies
has been to identify economic and husbandry
constraints that limit animal productivity. In-
formation on husbandry systems and sheep
performance was collected in a 3 years survey
conducted in the steppe area of Aleppo and
Ragga Provinces receiving about 200 mm
annual rainfall. Results have been compiled on
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the flock structure, reproductive rate, and
mortality levels of 18 flocks (Table 28).

During the survey, sheep numbers expand-
ed on average by 3 to 4% per annum even
though sheep numbers decreased due to adry
year in 1978-79. The flocks ranged in size
from 30 to over 1000 head. Additions to the
ewe flocks averaged 31%, of which 2% were
purchased. Attrition from the flock totalled
about 30%. After deducting transfers, which
represent ewes given to other members of the
family, the culling rate was 23%. This culling
rate suggests that the average ewe bears four
or five lambs and is culled at an age of 6 to 7
years. Increasing the culling rate would have
little impact on ewe productivity since farmers
are already removing ewes from the flock that
are found to be barren following the mating
season.

Lambing percentage is defined as the
number of lambs born per 100 ewes mated.
The average lambing percentage of 84% for
the flocks in the survey is well below the 97%
achieved across the three Tel Hadya flocks in
1981-82. However, large variations across
flocks were evident, the range being from 69
to 102%. The 84% lambing rate is the same
as that estimated in the earlier FSP studies of
six villages in Aleppo Province. Low lambing
percentages are a major factor limiting the
biological and economic efficiency of the

system. Increasing the lambing performance
from 84 to 100% and holding mortality cons-
tant at 10% would increase lamb sales by
30%. The causes of low lambing percentages
in village flocks warrant further study.

Mortality levels for ewes, yearlings, and
lambs in the sample were less than expected.
These values may be slightly higher since
some sick animals are sold. Again the mean
values are associated with large variations.
There were cases where losses exceeded
30% in localized epidemics. The pathogens
responsible for these epidemics need to be
identified. They often attack healthy lambs
that have passed through the critical neo-natal
period. Good husbandry practices, particularly
nutrition of ewes in late pregnancy, can
reduce neo-natal deaths. But good nutritional
practices can do little to reduce mortality of
older lambs when virulent pathogens are in-
volved. Instead, routine vaccination may be
the only effective control.

Component 2. Animal Production
from Forage Crops

The unit farms at Tel Hadya have shown in-
creasing value as testing grounds for pro-
totype crop rotations and sheep husbandry
practices in the context of a complete system.
Particular emphasis is being placed on the

Table 28. Summary of inventory balance sheet of survey flocks, 1978 to 19812

Ewes Yearlings Lambs

{per 100 {per 100

ewes in yearlings

opening in opening (per 100

inventory| inventory} lambs born)
Transfers (In} 29+ 69 101 + 49.7
Purchases 2+ 24 1+ 32
Sales 15 ¢+ 107 5+ 5.1 40+ 13
Deaths 7+ 6.7 2+ 25 11+ 95
Consumaption 1+ 06 2+ 17 6+ 30
Transfers {Out) 7+ 13 90 + 9.3v 43  9.1c

a. Average flock size was 176 + 110 ewes and 58 + 39 yearlings. Over 3 years these numbers expanded at an annual rate of 3 and 4%, respectively.

b. To ewes.
c. Female lambs to yearlings.
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replacement of fallow by a pasture crop, and
the impact of improved nutritional regimes on
the reproductive rates and milk production of
ewes (as measured by the growth perfor-
mance of their lambs).

The unit farms consist of one medium-input
and one high-input farm of 14.1 and 10.9
hectares, respectively. Each has an area of
stony-shallow soil and an area of deep soil. On
the medium-input farm a barley/fallow rotation
is practiced on the stony-shallow soil and a
wheat/lentil/watermelon rotation on the deep
soil. On the high-input farm a vetch pasture
replaces fallow on the shallow soil and a vet-
ch/wheat hay mixture replaces the lentil crop
on the deep soil. In addition, improved crop
varieties, higher fertilizer levels, seed drills,
and herbicides are used on the high-input
farm.

Flocks of 36 and 42 Awassi sheep are
assigned to the medium-and high-input farms,
respectively. The medium-input flock is
managed in a manner similar to that by
farmers in the Tel Hadya area. The high-input
flock receives additional supplementary feed
during the mating season, during late
pregnancy, and early lactation. They are also
vaccinated against diseases such as foot-
and-mouth and enterotoxaemia.

Each flock is allocated a separate 11.5 hec-
tare area of marginal rangeland for grazing.
The stocking rates on the medium-and high-

input farms are 2.6 and 3.9 ewes per
cultivated hectare, respectively.

A third, low-input flock (named the sacrifice
flock), serves as a control. It is subjected to a
poor level of husbandry: limited supplemen-
tary feed in winter and over-stocking on
marginal land are examples. The management
of this flock is below that practiced by most
farmers in the area. The three levels of
husbandry, i.e., low, medium, and high, pro-
vide a useful framework for studies that aim to
determine the most economical levels of in-
puts,

The performance of lambs grazing the vetch
pasture, which replaces fallow, is shown in
Table 29. A grazing season of 70 days was
achieved in the 1981-82 crop year, which is
close to the maximum that can be achieved
with vetch. The daily lamb liveweight gains
were less than those recorded in two previous
years because of the higher stocking rate.
However, there was an increase in liveweight
gain per hectare to 260 kg, which is also con-
sidered to be near the maximum possible for
vetch pasture.

It appears from these results that inci=asing
animal production beyond 260 kg/ha will be
possible only if drymatter yields can be in-
creased or the length of the grazing season
extended. It is unlikely that vetch can fulfil the

first condition, so it will be necessary to iden-
tify a species with a longer grazing season;

Table 29. Lamb growth rates on vetch pasture, Tel Hadya 1979-80 to 1981-82.

1979-80s 1980-81 1981-82
Number of lambs 30 24 38
Start of grazing 22 April 1 April 8 March
End of grazing 19 May 1 June 17 May
Grazing days/ha 18 41 LY
Stocking rate lambs/ha 20 16 25
Initial liveweight (kg) 21.2 28.8 232
Final liveweight (kg} 34 43.3 33.7
Liveweight gains:
per hectare (kg) 139 232 260
per lamb (g/day} 255 238 151

3. Crop resown in January.
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such a species has not yet been identified.
Alternative strategies could include using a
sequence of a species or a mixture of species
that combine early and late maturity. The
Pasture and Forage Program has already iden-
tified barley cultivars that can provide early
grazing in February.

The animal production potential of a pasture
species that replaces fallow has been defined.
A goal over the next 5 years is to reach a
liveweight gain of 500 kg/ha in a 4 month
grazing season in the 350 mm rainfall zone.
Studies that aim to define the animal produc-
tion potential of pastures in zones receiving
below 350 mm are in progress and will receive
increased emphasis in the future.

An assessment of the economic returns
associated with replacing a fallow with a
pasture crop is the most important criterion for
judging the viability of this change in rotation.
This has been studied in the case of the unit
farms, and the results are presented in Table
30. Net benefits are defined as the difference
between the gross revenue of a rotation minus
the variable (direct) costs of carrying out the
rotation. Introducing the pasture crop ac-
counted for nearly 40% of the increase in net
benefits of the barley/pasture over the
barley/fallow rotation. The remaining increase
was due to using an improved barley variety
(Beecher), more nitrogen, and a seed drill.

Pastures are not yet able to supply sheep
with feed from November until March, a

Table 30. Comparison of net benefits for medium-and high-input
2 years rotations at Tel Hadya2

Net benefit {SUhajb
Medium input High input

Year 1 1097 {barley) 2369 (barley)
Year 2 (fallow) 1497 {pasturele

Two-year sum 1097 3866

a. 1979-82 average performance.

b. Based on constant 1482 prices.

¢c. Gross revenue based on lamb liveweight gains when fattened on vetch
pasture.

period when the nutritional needs of the ewe
are considerable. In Syria this deficit is cor-
rected by using supplementary feeds.
However, these are usually expensive and
some are currently imported. Thus, hay pro-
duction is being given considerable attention
by researchers. There are numerous obstacles
to the introduction of haymaking
technologies. For example, vetch-wheat mix-
tures for hay following a wheat crop on the
unit farm have not given satisfactory yield,
partly because wheat follows wheat in 2 years
of the rotation. It may be necessary to resort
to pure stands of legume forage. Other dif-
ficulties include problems of mechanical
harvesting .on stony soils, loss of highly
nutritious leaf material during the haymaking
process, and the making of hay before the end
of the rainy season. These problems should be
given special attention by researchers, and
some are already under study.

Component 3. Performance of
Awassi Sheep

Lamb Growth Rates
Part of the 1981-82 survey of 13 flocks,

Weighing sheep for comparing various food regimes.
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which was spread across the rainfall transect
of Aleppo Province, involved the monthly
weighing of about 250 ewes and their lambs.
The actual growth performance of lambs in
farmers’ flocks was compared with those ob-
tained in the three experimental flocks at Tel
Hadya (Table 31). Such information on the
actual and potential performance of a breed
makes it possible to define the yield gap that
exists in the system. With this information,
research priorities can be established.

Results of the survey showed that growth
performance of lambs in farmers’ flocks could
be increased by 59% if management of ewes
in late pregnancy and early lactation were
given more attention. This aspect, therefore,
is given special emphasis in the study reported
in the next section.

Supplementary Feeding of Ewes

The level of feeding of ewes during late
pregnancy and early lactation can have a
marked effect on the growth rate of lambs and
on milk production for yoghurt and cheese
making. A trial was conducted to study the
effect of three levels of supplementary feed
during the last 49 days of pregnancy and the
first 56 days of lactation on lamb growth
rates. The aim was to determine the
economically optimal levels of supplemental
feeds under various price and cost situations.

The low-, medium-, and high-input flocks
received three levels of supplementary feed
based on barley, cottonseed cake, wheat bran
and a basal diet of vetch/ wheat-hay or lentil
straw. Ewes were weighed weekly and sup-
plements were fed on an individual basis. The
metabolizable energy intakes, mean
liveweights, and liveweight changes are
presented in Table 32.

Supplementary feed had a marked effect on
liveweight changes of the ewes during late
pregnancy. During lactation the daily
liveweight change of the low-input flocks was
-96 g, but that of the other two flocks was
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Table 31. Daily liveweight gain (lambs to weaning®} in farmers’ and
three experimental flocks at Tel Hadya, 1981-82.

Daily liveweight gain (g)
Males Females
185+32.2(75)> 158+ 28.3(71)

2461+49.7141) 222+49.2147}
299+16.4113) 247+37.2{18)

Farmers' flocks
Three experimental flocks
High in-put flock only

a. 60 days.
b. Numbers of animals weighed.

about -200 g. The high level of nutrients
supplied from the supplements together with
the energy derived from body tissue reserves
were the two major factors that leaa to the
highest liveweight gains in lambs of the high-
input flock (Table 32). The total weight of
lambs in the medium- and high-input flocks
were, respectively, 25 and 45% higher than
the low-input flocks.

A preliminary analysis of profitability was
made on data from the three experimental
flocks. Nutritional management of ewes had a
clear effect on lamb weaning weights, but less
impact on mill. and wool production. This is
significant since about 70% of earnings from
breeding flocks are derived from the sale of
lambs. These animal products are expressed
as gross revenues in the budgets presented in
Table 33, together with the cost of sup-
plements. A measure of the returns for com-
paring the three flocks is given by the Margin-
Over-Supplementary-Feed-Costs (MOFC).

Whereas gross revenues increased by 51%
from the low- to high-input flocks, the increase
in supplementary feed costs was 348%.
Hence the MOFC was lowest for the high-
input flock. Expressing the MOFC per hectare
altered the picture because the stocking rate
on the high-input farm was higher than on the
medium-input farm. The MOFC of the high-
input flock, however, was still less than that
for the medium-input flock.

The major reason for the poor economic
performance of the high-input flock was the
heavy cost of supplementary feed during the



Table 32. Intake of supplemantary feed, mean livewaight, and liveweight changes of ewes and growth rate of lzmbs (Tel Hadya flocks), 1881-82,

Level supplementary feed

Low Medium high

Pregnancy {last 49 days)

Dry matter inteke {kg) 0.4 0.68 1.09

Metabolizable energy intakee {M.J) 349 5.43 11.44

Liveweightb(kg) 45.5 52.3 58.8

Liveweight change (g} 1.0 61.0 122.0
Lactation (first 56 days)

Drymatter intake {kg} 0.45 0.8 1.04

Metabolizable energy intake (MJ) 3.89 64 - 1097

Livawsighre (kg) 349 40.3 48.3

Liveweight change (g) -86.0 -202.0 -206.0
Growth Rate

Mala Lambs

Number of lambs 13.0 15.0 13.0

Birth liveweight (kg} 430 510 520

Weaning iiveweight (kg) 16.60 19.10 23.20

Liveweight gain g} 206.0 238.0 299.0

Female Lambs

Number of lambs 13.0 16.0 18.0

Birth liveweight (kg} 4.1 45 47

Weaning liveweight (kg) 16.0 11.2 18.6

Liveweight gain (g} 200.0 212.0 2410

a. Estimated from drymatier intake x digestibility of orgenic matter in drymatter x 0.15.

b. 24 days before lambing.
¢. 28 days after lambing.

Table 33. Level of supplementary feeding and margin over supplementary feed costs in three gxperimantal flocks, 1981-82.

Leve! of input

) Low Medium High

Unit farm sue (hal 141 10.9 (109}
Unit farm flock sizeb 32 32 32 132}
Supplementary period (day) 140 140 231 1140)
Flock gross revenue {SL) 6541 8863 9904 (19304)
Total suppl. feed cost (SL 1875 2938 6433 14925)
MOFCe per ewe {SL) 146 185 106 (156}
MOFC per hectare (SL) 419 309 (457}

a. Supplementary feed during mating period shown in parentheses.

b. Includes barren ewes and one ram.

¢. Margin over feed costs.

mating period and the absence of an effect of Conclusion

this on reproductive rates. In future studies,
emphasis will be placed on designing
husbandry practices that will assure maximum
reproductive rates and on controlling costs.

Livestock enable farmers to extract an
economic value from resourcas that would,
otherwise, be unusable. In thedrier farming
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areas as at Khanasser, for example, sheep
constitute an insurance policy against poor
grain production, which is risky and un-
profitable. Research will be continued to
clarify these and other crop-livestock interac-
tions and to estimate the parameters of those
interactions already identified.

Project V. Environmental
Zoning

There is a need to classify the ICARDA region
into zones to provide realistic targets for
agronomic or breeding programs, and this
project seeks to fill this need. It has two prin-
cipal objectives that comprise the initial data
collection phase: (a) to collect and collate
agroclimatic data for use in agroecological
zoning and (b) to collect information on
agricultural policies with the purpose of
analyzing their effects on agricultural produc-
tion.

Component 1. The Collection, Col-
lation, Distribution, and Use of
Agroclimatic Data

A comprehensive collection of a full range of
daily records of meteorological variables was
made in the 1981-82 cropping season at the
five principal FSP research sites in Syria (Jin-
diress, Kafr Antoon, Tel Hadya, Breda, and
Khanasse.). This information has been widely
circulated on a weekly basis within ICARDA.
These data serve as the basic information re-
quired to assess the effects of climate on ex-
periments in all FSP projects. They are of par-
ticular value in crop physiological and soil-
moisture studies. The value of these data has
been further enhanced by the increased use of
the FSP research sites by the ICARDA com-
modity programs in the 1981-82 cropping
season. Additional data (usually only rainfall)
have been collected from a wide range of on-
farm trial sites, to act as the minimum data

52

required for site assessments. A summary of
data from all sites for the 1981-82 season is
presented in the chapter ''Meteorological Data
1981-82" in this report.

Important additions to the ICARDA data
bank in the current season include all available
daily rainfall values for up to 25 years from the
six Syrian Meteorological Service recording
stations nearest to the principal FSP research
sites. These include Jindirzss, Azaz (for Kafr
Antoon), Aleppo and Saraqeb (for Tel Hadya),
Breda, and Khanasser. Long term seasonal
rainfall values for these sites were generally
calculated from daily data over 20 years.

This year, the ICARDA climatic data bank
was tranferred from the University of New
England, Australia, to ICARDA’s computer.
This comprehensive collection of data will act
in the future as the core information for
ICARDA's data collation effort.

Initial Zoning

The long term rainfall data acquired from the
Syrian Meteorological Service for the six sites
were given to the Agricultural Meteorology
Research Gioup at the University of Reading
for analysis and for quantifying the probability
of a rainfall event and its likely intensity.Dif-
ferences in the probabilities of rainfail occur-
rence between sites are evident and as a result
of these differences it is hoped that the
descriptive constants of the probability equa-
tions may act as initial building blocks for
developing a zoning scheme.

The University of New England/ICARDA
wheat maturity modeling project has been
further developed in the 1981-82 season.
This model, which is driven by meteorological
variables, has considerable potential for zon-
ing. The model is near completion and
preliminary results are expected by mid-1983.

Iintensive data collection at the principal FSP
research sites will continue in the 1982-83



cropping season. Further sites will be added to
the current on-farm trial network including the
majority of cereal agronomy trial sites in Syria
and Jordan (Project |}.

Component 2. Socioeconomic En-
vironments: The Perspective of
Agricultural Policies

The basic premise for this component is that
socioeconomic constraints, especially those
emanating from government policies, are be-
ing increasingly recognized as important.
Technical research aimed at a physically
homogeneous zone may have variable results
if the zone is further divided into several dif-
ferent socioeconomic environments. From an
awareness of such policies, and without get-
ting involved in value judgements, it is ex-
pected that the effectiveness of the FSP
agricultural research will be increased. This
project was initiated in 1982 with a literature

-

s

A typical Syrian village in the drier zones.

survey and insights cbtained have allowed the
research effort to be economized by em-
phasizing summary measures or indicators of
policy rather than by extensively enumerating
specific policies.

The FSP is particulaily interested in policies
influencing ICARDA crops in the Middle East
and North Africa. It is likely that, despite vast
differences in political regimes, agricultural
policies within the region will have substantial
similarities. These similarities will be clearer in
policy objectives whereas policy instruments
will show a high degree of variation. These
objectives and instruments are mentioned
below followed by a brief discussion of sum-
mary measures.

Policy Objectives

Agricultural policies have various objectives of
which the most important are:

1. Change income distribution among
classes of producers, among classes of con-
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sumers, between consumers and producers,
and between the urban and the rural populace.

2. Increase production in general, or for a
particular commodity.

3. Stabilize incomes, prices, or production.

4. Increase government incomes by taxing
the agricultural sector.

5. Accelerate economic development as it
is now recognized that economic develop-
ment is impossible without agricultural
development.

Policy Instruments

There are six classes of instruments with
which these policy objectives can be achiev-
ed:

1. Price policies are the most widely used
policy instruments. These include fiscal
policies and foreign trade policies that directly
influence the prices of agricultural products
and inputs. Examples of these are subsidies,
preferential credits, export taxes, subsidized
sales from imports, etc. The variation in price
policies is substantial; support prices,
guaranteed prices, minimum prices, input
subsidies all reflect on the costs and prices of
agricultural products.

2. Fiscal and monetary policies, for exam-
ple, taxes, subsidies, and credit policies usual-
ly impinge on the prices and profitability of the
crops. Credit has a particularly important role
in agriculture because of the seasonality of
production.

3. Foreign trade policies generally involve
controls, export and import taxes, tariffs and
quotas on imports etc. Exchange rate policies
even though aimed at foreign trade, have in-
teresting implications for agricultural produc-
tion. Overvalued or undervalued exchange
rates essentially imply tariffs or export sub-
sidies for domestic production, respectively.

4. Physical controls involve hectarage and
area controls, delivery quotas to government
purchasing agencies, restrictions on the
movement of products, etc.
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5. Structural change involves a discreet
change or transformation with wide spatial
and temporal effects. Examples of this sort of
policy are land reform, agrarian reform, or im-
plementation of irrigation schemes.

6. Agriculturai research involving both pure
and applied research and covering extension
efforts as well, is usually not considered to be
a policy instrument. However, the resuits of
and returns from agricultural research and
technological developments have indicated
them to be most effective instruments,
especially in achieving targets of production.

The multiplicity of policy targets and in-
struments makes analysis quite difficult: what
is needed is a summary measure. The initial
effort in this project is directed to those cases
that are amenable to analysis within the frame
of agricultural price policies.

Effects of Agricultural Price Policies

They can be summarized under four headings:

1. Production. It has been demonstrated
fairly extensively in the literature that
agricultural producers in developing countries
are responsive to prices.

2. Costs of the purchasing agency and the
state. Effective price policies require efficient
management in purchasing, storage, etc.

3. Income distribution. Price policies
targeted at given commodities (or inputs used
intensively in the production of some com-
modities) benefit the producers of those
commodities relative to other producers. Even
for a given commodity, larger producers or
those who market a larger amount benefit
more. Price policies aimed at consumers are in
essence income transfers.

4. Resource allocation. Changes in the ab-
solute price of a given commodity implies -
change in relative prices. These changes alter
the relative profitability of producing different
commodities. Consequentlv, resources will be
drawn out of the production of less profitable



commodities, and transferred to more prof-
itable uses.

Summary Measures

Only an example of a summary measure is
given here to indicate the direction that this
research is taking and its value. The:Nominal
Protection Coefficient (NPC) is the ratio of
domestic prices to border prices, i.e.,

NPC = P/rP,

where P, = domestic price, P, = border price,
and r = official exchange rate.

NPCs provide simple measures that can be
calculated easily. Furthermore, they provide a
good idea about the extent to which a com-
modity is being subjected to interventions and
whether these are in the form of incentives or
disincentives. Following on the discussion
above, a NPC less than 1 implies that the
domestic producers are discriminated against,
whereas a NPC more than 1 indicates policies
that support local producers by protecting
them from the effects of the international

market.
For example, the NPC's for collection center

purchases from farmers in a country in the

‘ICARDA region are given in Table 34 for

wheat and barley for 1972-73 to 1979-80.
The general indication from these data is that
there is a significant bias against agricultural
production. Even when there are periods of
preferential treatment of certain commodities,
this treatment lacks continuity. The bias
which exists in national policies against
ICARDA crops will be a serious impediment to
the effective dissemination of the new
technologies that ICARDA is developing.

In 1982-83 work will continue in this pro-
ject with a shift to data collection for detailed
studies of the region and for ICARDA crops.
Preliminary emphasis will be on claculating

NPC.

Table 34. NPC ratios for a country in the ICARDA region for wheat
and barley, 1972-73 to 1979-80.

Durum Wheat Bread Wheat Berley
1972-1973 0.65 0.65 0.53
1973-1974 0.47 045 0.41
19741975 0.68 0.70 0.63
1975-1976 091 0.94 0.78
1976-1977 1.24 1.26 093
19771978 1.10 1.20 0.88
1978-1979 0.93 095 1.00
1979-1980 1.02 1.08 097
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CEREAL IMPROVEMENT PROGRAM

Introduction

The Cereal Improvernent Program seeks to assist national research institutions in the region to in-
crease barley and wheat production through the development and/or introduction of improved
genotypes with high yield potential under rainfed conditions, stable performance, better resistance
to diseases and insects, together with the development of improved management practices for
their cultivation. It further aims at breaking the traditional yield limits of the less favorable cereal
growing environments where resources and management are limited.

Barley ranks second to wheat as the most
important winter cereal crop in North Africa
and West Asia. It covers an area of about 10
million hectares and produces slightly less
than 10 million tonnes of grain. A large
percentage of the barley crop is grown in en-
vironments where other cereal crops are not
dependable. Low prices of barley in relation to
wheat and the absence of any significant
research on the crop in the region are respon-
sible for the dramatically low yields; however,
the superior water-use efficiency of barley
compared with other winter cereals makes it a
suitable choice for many environments of the
region. Very often in North African and West
Asian countries, barley is grazed by sheep
during the winter months, particularly in drier
areas where barley fields are the only source
of feed during the period December-February.
Therefore the development and identification

of varieties that produce good drymatter yields
when grazed at the tillering stage and then
recover well to produce large grain yields is a
means of improving the productivity of one of
the poorest farming sectors in the region.
Durum wheat occupies the largest cereal
area in many countries in North Africa and the
Middle East, e.g., Morocco, Tunisia, Algeria,
Syria, Turkey, and Jordan. About 31% of the
total wheat production in the region is durum
wheat. Inparticular it is in the drier areas wh-
ere it has proved to be better adapted than
bread wheat. However, little work has been
done in durum wheat improvement. Local
unimproved varieties and traditional
agriculture still prevail in much of the region.
There is therefore ample opportunity for
ICARDA to make an impact on durum pro-
duction. One of the main objectives is to
develop durum wheat varieties that possess
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the genetic potential to perform satisfactorily
on limited soil moisture, with the capacity also
to respond well when water and nutrition
become less limiting. Selection for nutrient
and moisture-use efficiency are also
important.

Bread wheat ranks first among food crops in
the ICARDA region and provides the principal
food for the majority of the population, which
on average consume more than 150
kg wheat/capita/annum. Although the region
as a whole produces approximately 44 million
tonnes/year, it is a substantial net importer.
Over 90% of bread wheat is grown on
250-650 mm of rainfall; haif of the area
receives less than 400 mm annual precipita-
tion. Because many modern high yielding
varieties are more suitable for irrigated and
high fertility conditions, ICARDA bears a
special responsibility with CIMMYT to develop
varieties and production technologies suitable
for the low-rainfall zones. The goal of the

ICARDA/CIMMYT bread wheat cooperative
project is to develop and distribute within the
region, superior germplasm that is tolerant to
drought, cold, diseases, and insects.

ICARDA aims to breed triticales for specific,
adverse environments. Development of
triticales with high and stable yields, for these
conditions, is a major goal. There is interest in
triticale for the poultry industry. In Tunisia, it
may replace imported maize grain for poultry
food. ICARDA plans to do less work on
triticale in future and devote more of its
resources to barley and durum.

Agronomy research in the Cereal Program is
conducted in support of breeding. The main
aim is to develop genotypes adapted to less
favorable environments, where resources are
limited and the return from the use of fertilizer
is uncertain

Because losses caused by diseases and in-
sects are substantial the identification and
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Hybridization, i.e., crossing, is the first step in the breeding program. It aims at bringing together desired characteristics. Here, barley lines are being

crossed at Tel Hadya.
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utilization of sources of broad-based genetic
resistance is a8 major thrust in the Program.

ICARDA plans a different approach to
research for high elevation environments
(1000-3000 meters) than was proposed
whun the Center was established. Instead of
centralized research at a mai~r nigh elevation
research station, efforts are now being
directed towards the dewelopment of a net-
work of smaller projects vovering the diverse
range of high elevation environments in the
ICARDA region.Here, the hich and medium
elevation arable areas account for 50% of the
total wheat areas in addition to eight million
hectares of barley. These areas are mainly in
Turkey, Iran, Afghanistan, Pakistan, and North
Africa where more than 100 million people
live, and of whom 60% are engaged in
agriculture. Because the technologies evolved
for lowland agriculture in various ecological
zones of the region are not always applicable
to the dryland farming communities of these
areas, the development of suitable production
technologies is of great importance. A
research project at two locations (Quetta,
Pakistan; Annaceur, Morocco) has been in-
itiated to address the problems of these areas.

Where the Program is not able to conduct
research needed in the ICARDA region,
because of lack of expertise or facilities, it
has developed contacts with centers of
excellence in order to acquire and ac-
cumulate the scientific information needed.

Barley
Improvement

In previous years barley improvement con-
centrated on assembling a large germplasm
pool, which has since been used in crosses.
The resultant improved germplasm is now
being distributed to national programs to
meet an urgent need for fixed lines in many
countries in the region.

Barley Breeding

1. Improved Barley Varieties and Produc-
tion Technology for Low Rainfall Areas
The main objective of this project is to
develop disease-resistant barley genotypes
with greater yield potential, yield stability,
and adaptation to the lower rainfall areas in
the region. There, barley is the dominant
cereal crop, and with sheep constitutes the
main farming activity. Information on .
breeding material tested in this project is
presented in Table 1. The decrease in
screening activities begun during the
1980-81 season continues while selection
in generations F,-F; and testing have in-
creased. The effort devoted to international
nurseries and yield trials remains more or
less constant.

Many lines have now been selected by

Table 1. Evolution of germplasm material in the barley program: number of lines tested.

Season

Matarial 1978-79 19-80 80-81 81-82 82-83
Tel Hadya nurseries 13412 13496 3310 1404 900
International nurseries 448 349 374 6740 674
Seg. populations 13316 14412 22976 20030 16000
Yield trials 1078 nn 1188 1386 968

a. Different sets of material from one type of nursery are sent to different environments.

61



Table 2. Number of lines selected by national programs from intemational nurseries.

Barley Yield Trial Barlay Observation Nursery Total
Country 1877-78 78-79 79-80 80-81 81-82 1977-78 78-79 79-80 80-81 91-82
Morocce 16 3 5 23 38 85
Algeria 4 0 3 4 40 94
Tunisia 15 20 18 20 51 116 57 2970
Egypt 13 19 7 0 29 10 0 78
Syria 2 15 13 6 14 3 117 16 63 51 3560
Lebanon n 2 20 2 5 16 25 9 3 30 1808
Jordan 17 Al 19 6 " 53 4% 101 29 113 415
Cyprus 4 9 8 6 3 16 28 60 6 20 160
rag 16 n b 3 50 114
Saudi Arabia 9 16 1 26
ran ¢ " 1 n 14 97
Afghanistan 1 14 38 53

a. ICARDA input.
b. Data returned but selectad lines were not indicated
¢. Data received too lete to be included.

Table 3. Yieids of the mast promising genotypes in the ICARDA region during the past five seasons.

Maan yields? Season
1977-78 78-79 79-80 80-81 81-82
National check 3ng 2613 3039 4521 4261
Long term check 3464 3175 3320 4228 4150
Two checks 3290 2894 3179 4374 4255
Best 5 lines 3458 3024 3775 4783 47517
Best lines 3556 3150 4155 4931 5144
LSO (5%) 262.6b 1445 152.8 121.3 181.5

e. Means are over 24, 20, 23, 18, and 13 locations, for the years 1977-78 to 1981-82, respectively.
b. LSD Cafculated on the basis of 21 locations only.

national programs (Table 2). The table
shows a better exploitation of the interna-
tional nurseries in those countries where y
ICARDA has had a direct input. The yields
of the most advanced genotypes
distributed in the region have increased.
This confirms the superiority of new
genotypes (Table 3), which are now being
used as national checks at research sta-
tions in the region e.g., Kantara (Roho) in
Cyprus, ER/Apam in Tunisia, Orge 905 in
Morocco, etc.

The main achievement in Syria has been
the identification of ER/Apam, Badia, and This recently developed barley variety, Badia, has shown wide
Beecher for zones B (250-350 mm rainfall) edaptability in trials in the region. Badia is to be released to
and C ( <250 mm). ER/Apam and Badia in farmers in Syria,
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Table 4. Highest yielding entries in the advanced yield trials in four growing seasons at Tel Hadya, 1978-82.

Year Cross/pedigree Yield % checke CV% LSD(5%]
(kg/ha)
1978-79 Comp. Cr. 89 4486 156.70
Arizona 5808/Aths 4255 140.90
CYBB-16A-1A-2A-2A-0A
Esp./1808-4L 41137 136.60
Esp./1808-2L 4046 115.80
9120/Cl 13280 3668 121.70
1979-80 Impala 5234 169.24
Impals/11012.2 5023 161.45
DL69/Sultan 4478 143.94
H252 4651 129.77
Ci 13871 4203 14061
1980-81 Mari/CM67 5963 150.12 19 £00.5
CMB 72-140-8Y-1B-3Y-1B-1Y-0B
Rihaneb 5670 143.07 135 1006.1
Harmal'S" 5361 159.36 18.7 966
Matnanb 5346 134.90 135 1006.4
Rihane'S® 4923 127.80 18 564.5
1991-82 Rihane'S™ 6533 130.50 9.0 700.9
Sal, 2L-1AP-3AP-DAP
As46/Pro 6366 127.00 12.7 1096.4
AP, Sel.
Rihang’S 6294 125.60 13 618.5
Sal, 12L-2AP-0AP
Mzg/Aths. 6300 125.00 6.8 513.8
AP, Sel.
Matnan'Sb £030 120.00 5.6 ns

8. Tha long-term check Beecher had an average yield of 3238, 3570, 4206, and 4220 kg/ha for the yaars 1978-79 to 81-82 respectivaly.

b. ICARDA-developed germplasm.

particular had a greater yield than Arabi
Abied in both zones.

The varieties Roho and Rihane will be in-
creased for possible release to growers in
southern Tunisia. ER/Apam has been found
suitable for northern Tunisia.

The improvement in yields among the
highest performing entries in the advanced
yield trials at Tel Hadya since the 1978-79
season can be seen in Table 4. The yields
varied from 3868 to 4486 kg/ha in
1978-79, from 4923 to 5963 kg/ha in
1980-81, and from 6030 to 6533 kg/hain
the 1981-82 season. The trend shown for
the previous seasons has been maintained
despite excessive cold weather and erratic

distribution of the rainfall. Such results il-
lustrate the gap that exists between yields
obtained in farmers’ fields from local
cultivars and those from the newly
developed genotypes. Table 4 shows the
increased frequency of ICARDA-developed
lines among the elite germplasm.

Wide genetic diversity has been incor-
porated into the new, high yielding
genotypes. This is shown in Table 5 (Tel
Hadva and Terbol data). Lines are selected
on the basis of disease resistance — mainly
powdery mildew and scald. Agronomic
performance is scored on a scale of 1 to 5
for head type and plant type, where 1 is the
best and 5 the poorest. At Tel Hadya and
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Table 5. Yield and agronomic performance of promising ines in advanced yield trials, 1981-82.

Tel Hadys Terbol Agronomic performance
Line name/pedigree Yield (kg/ha) % check Yield (kg/ha) % check PLHt  DH DM HS PS PM SC Pro
Mzg/Aths 6300 125 6472 131 88 129 176 2 2 3 2 8.8
Mezquite 6175 123 7072 143 90 143 178 2+ 1- 3 1 8.6
Matnan® 6030 120 7306 148 85 149 ML 2 22 1 1 8.5
Rihane'S’ 6533 131 6483 146 109 144 178 2 2 8.9
Sel, 2L-1AP-3AP-0APe
As 46/Prge 6366 127 6706 151 105 143 ML 2- 3 3 1 105
Rihane’s’ 6294 126 6683 155 100 143 178 3+ 3 2 8.9
Sel, 12L-2AP-0APe
Rihane’s’ 6047 121 6158 139 90 143 3+ 3 3 3 3 9.6
Sel, 7L-4AP-0APe
Matnen's’ 5622 125 6941 141 91 143 17 2+ 2 ] 3 1.8
Clipper/CR 115/Par 5700 126 6600 128 85 146 ML 2- 2 3 2 9.2
Rihane'S’ 5608 123 6917 134 106 143 117 2 2 2 8.7
Sel, 2L-1AP-0AP
Alger/Cerese 5955 121 6278 112 7% 151 late 2 2+ 8.4
ER/Apama {Check} 5755 114 6694 136 86 138 184 2+ 2+ 2 2 9.2
Badige {Check} 5160 120 6033 123 105 142 184 2+ 3 2 2 36
Beecher (Check} 5229 122 6126 124 100 141 180 3 3 4 1 9.6
A. Abied {Check) 4302 100 4924 100 87 142 1719 3 4 4 3 19

a. ICARDA-developed lines.
PLHt = Plant height; DH = days to heading; DM = days to maturity; HS ~ head score; PS = total plant score {both scores are on a scale of 1 to 5 where 1 is the best and 5 the poorest);
PM = powdery mildew; SC = scald; Pro = protein.




Table 6. Highest yielding lines in preliminary yield trials, Tel Hadys, 1981-82.

Name/predigrea Source  Yield (kg/ha) % check LSD{5%) CVi%)

Comp. 29/Mzq//Gve 1120 8216.67 133.85 - 044 9.3
CMB 771-1340-3AP-0SH-4AP-0AP

ER/Apame (Check) 2101 8186.89 159.17 - 998 9.9

Matnan'S® 1313 1777.18 126.22 - 842 8.5

Av/2763 2L-0AP 3302 7766.67 128.72 - 648 6.1

Aths/3/ Api/Kristina//M66.85 1114 7661.11 126.97 - 994 93
CMB 77A-16-1AP-0SH-1AP-0AP

Vanguard/Coho 910 7622.22 13/.48 - 973 9.8
Oregon S x W-86-3403-1AP-0AP

Gerbel (C) 3322 7561.11 125.32 - 648 6.1

Manker/4/Bal.16/Pro//Apm/Dwarf 11-1Y/3/Api/CMB7 1116 1527.78 124.66 - 994 93
CMB 77A-110-4AP-0SH-4AP-0SH-4AP-0AP

Gizeh 134/Apm//2196.68 3320 7405.56 122.74 - 648 8.1
CMSWB 77A-60-5AP-0AP

Manker/4/Bal.16/Pro// Apm//Dwarf 11-1Y/3/Api/CME7 115 7371.18 12217 - 994 83
CMB 77A-110-4AP-0SH-1AP-0AP

Cerise 2122 723333 140.61 - 988 9.5

Apm/HC 1905//Robur 1020 7183.33 132.89 -1668 11.2
CMSWB 771-115-1AP-0AP

CR 115/Por//6-1Y-103C//Giza 121# 613 6827.78 132.11 - 912 9.2
ICB 78-77-3AP-0AP

Leb 71/CB.937//Leb 71/CB.B29 2107 6811.11 13240 - 968 95

a. ICARDA-developed germplasm.

Terbol, days to heading of the most pro-
mising lines have varied from 129 to 151,
while days to maturity varied from 176 to
more than 185 days. On a regional basis
many lines were promising at 5-9 sites in
the 13 test locations. The most frequently
selected lines in the 1981-82 Barley
Observation Nursery (BON) were Vetulio;
WI 2197/Cl 13520, ICB 77-14-3AP-0OAP;
and Soufara’S’.

Preliminary yield trials indicate even
higher vields (Table 6). Several lines yield-
ed 7000 kg/ha or more, and showed a
substantial improvement over Beecher and
Badia. ER/Apam, ICARDA’'s new 2-row
check, yielded nearly 8200 kg/ha.

To assist selection for drought resistance
in advanced genotypes, promising lines are
sown in vield trials 3 months later (i.e.,
around February 15) than the normal sow-
ing date for barley. The objective of late

planting is to subject promising lines, in-,
cluding early genotypes being developed
for low rainfall areas, to heat and drought
stress late in the season, i.e., during kernel
filling, and to assess them for their
tolerance to these stresses.

Kernel weight seems to be the yield
component most affected by the environ-
ment during the last phases of plant
development. Tiller number gives an in-
dication of the plant’s ability to adjust to an
adverse environment in the early part of the
plant life cycle. Kernel number, mainly in
2-rowed barley genotypes, does not seem
to be sufficiently variable to play a similar
role. These observations appear to be con-
firmed by agronomic work at ICARDA,
which indicates that tiller number and
kernel weight are closely correlated with
yield, while kernel number per spike is not.
The results indicate that genotypes with a
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Table 7. Lines which performad bast when lats planted and their performance when sown at ths normal time at Tel Hadys, 1881-82.

Yield Heading Protin 1000 KWe

Neme/pedigree (kg/hn) days (%) (g)

Early Late Eerly Late Eerly Late Early Late
Mainan'S’ 5333 5622 143 86 1.8 10.9 304 36.5
Tokak/Magnif 102 5386 5469 142 86 19 L7 32.6 38.0
Av/Aths 5697 5933 4 ) 9.3 10.8 39.5 39.2
Pro/Avt SR19 5338 137 87 9.1 1.7 36.0 13
Fold Foil {CI 6363) 5302 5216 144 99 82 1.7 43.0 436
Zoapila/Cl 3087 5083 5717 1M 84 9.0 124 349 384
TH.U. 23 5541 5333 137 88 100 1" N4 39.7
Jhe 33/MG66-B85 5305 5397 142 86 1.2 1.7 45.7 471
Steptoa 6100 5458 158 98 7.8 109 45,7 a.7
H.0desskji 17/DL 71 5152 5233 144 90 94 116 31.5 394
CN100/DC23//Fun/2*Fun/3/ 5180 5200 14 90 10.2 108 318 415
AM 1508
ER/Apam {Check} 5757 4610 140 82 9.2 39.8
Badia (Check) 5160 4760 14 84 79 49.6
Beecher {Check) 5229 442 14 85 9.5 479
Arabi Abied {Check) 4302 4405 140 85 103 1.9

a. KW = Kernel weight.

Table 8. Lines which performad best when sown at normal tine and their performanca when sown late at T3l Hadys, 1981-82.

Yield Heading Protein 1000 Kwe

Neme/pedigres {kg/ha) days {%) lg)

Early Late Eerly Late Eerly Lata Early Late
Mzg/Aths 6300 43950 139 83 8.8 1.2 343 31.2
Mezquite 6175 4450 193 88 8.6 106 286 311
Matnan 6030 5022 149 88 8.5 114 33.3 39.9
Rihane'S' Sel, 2L-1AP-3AP-0AP 6533 4269 194 B4 99 1.1 46.1 48.5
As46/Pro 6366 4683 143 88 10.5 105 39.0 401
Rihane'S’ Sal, 12L-2AP-0AP 6294 4994 143 85 99 109 439 45.5
Rihene'S’ Sel, 7L-4AP-0AP 6047 4308 143 86 9.6 10.6 40.7 429
H251 5772 241 145 7 8.4 103 399 423
Ciipper//CR115/Por 5700 4458 146 87 9.2 1.4 364 409
Rihane'S' Sel, 2L-1AP-4AP-0AP 5688 5013 143 86 8.7 114 455 48.9
Alger/Ceres 5955 4683 151 L 9.4 106 35.8 36.1
ER/Apem (Check) 5757 4610 140 82 9.2 398
Badia {Chack 5160 4670 14 B4 19 496
Beecher (Check) 5229 4412 14 85 9.5 479
Arabi Abied {Chack} 4302 4405 140 86 10.3 419

a. KW~ Kernel weight,
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high yield had iarge grains (Tables 7 and 8).
Kernel weight generally increased with late
sowing, indicating that nutrients were
translocated to the seed in spite of stress,
but tiller production decreased. The in-
crease in kernel size with late planting
might be due to a higher rate of transloca-
tion in some genotypes when under stress.
High yielding lines with a short life cycle
generally increased their yield under stress
(Table 7), while lines that are high yielding
under favorable conditions, decreased yield
under stress (Table 8), although their
kernel weight increased. For both groups,
days to heading and days to maturitv were

significantly decreased and protein content
of the seed was significantly increased.

2. Development of Dual-purpose
Barleys (Grain and Grazing)

Barleys in the North African and West Asian
regions are often grazed in the early stages of
their growth, during the winter months. Bariey
genotypes respond differently to this practice.
A quick procedure has been developed to
assess barley genotypes for their grain,
forage, or dual-purpose potential. To breed
barley varieties that can be grazed during the
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Barley workers evaluating performance of dJifferent dual-prrgose barley lines.
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winter months and then be left to produce a
grain crop, requires good adaptability, good
regrowth after grazing, and the potential to
produce both a high drymatter yield for grazing
and a high grain yield after grazing. It is
therefore important (a) to assess the effect of
grazing intensity on barleys newly developed
at ICARDA, (b) to identify the plant character-
istics associated with recovery from grazing,
and (c) to characterize the germplasm for its
grain, forage, and dual-purpose capacity.
During the 1981-82 season, 210
genotypes were studied. C-63, an improved
barley selection was used as check.
Genotypes were grouped in vield trials in
which a randomized complete block design
with four replications was used. There were
three checks and 21 genotypes in each trial.

Parameters Measured

The parameters measured were drymatter
yield for grazing (grazing simulated by mowing
at 5 cm above-ground level in mid-February),
tiller number (per m2 prior to heading) head
number (number of spikes/m2), tiller mortality
(tiller number minus head number), recovery
from grazing, and final drymatter.

Recovery from grazing was scored visually
prior to maturity using the following 1-5 scor-
ing scale:

1 = More than 80% of the visual grain and
drymatter yield, as judged by height
and ground cover compared with the
ungrazed treatments.

2 = 60-80% of the potential grain and
drymatter yield of the ungrazed checks.

3 = 40-60% of the grain and drymatter
yield of the ungrazed checks.

4 = 20-40% of the potential grain and
drymatter yield of the ungrazed checks.

5 = Less than 20% of the ungrazed grain
and drymatter yield.

There was a reduction in grain and drymat-
ter yields following late cutting, which was
much smaller for dual-purpose genotypes than
for forage types. There was also a clear trade-
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off between grazing and grain yields (Table 9).
The relationship between dry matter for graz-
ing and grain yield may be used to separate
forage, grain, and dual-purpose barleys and to_
assess dual-purpose genotypes for their grain
and forage potential.

At ICARDA two indices are used to evaluate
dual-purpose barleys; one for grain yield and
one for drymatter yield. An index of 1.0 for
either character is equal to the overall mean
yield of all genotypes in all environments (Fig.
1). Genotypes with larger grain yield but
smaller drymatter yield than the index are grain
types; those with a larger grain and drymatter
yield than the index are dual-purpose types;
those with a larger drymatter yield than the
index and a grain yield less than the index are
forage types. The genotypes below the index
for both characters are discarded.

Collaborative Projects

Collaboration with National Programs

In Tunisia, a large collection of barley germ-
plasm was screened in the 1981-82 season.
High yielding cultivars were selected from
yield trials (Table 10), while from the Barley
Observation Nursery, Vetulio, Rihane (CI
13871), and Rihane 'S’lines were selected
over three widely differing environments,
namely, Beja (high rainfall, high soil fertility);
Le Kef (400 mm annual rainfall, medium soil
fertility); and Hendi Zitoun in central Tunisia
(180 mm annual rainfall, poor soil fertility).

Collaboration with Centers in Developed
Countries.

A root study and also photoperiod
/temperature studies on barley are being con-
ducted at the University of Reading with the
support of a grant from the U.K. Overseas
Development Administration (ODA). Barley
germplasm is being screened for drought and
sait tolerance at the University of Saskat-



Table 8. Classificaticn of barley genotypss into grain, forage, and duat-purpose types.

Grain yielda Drymatter Titler Tiller Regrowth Grain Drymatter Grain Yield®
yield mortality
Entry Nanie/pedigree {t-g/ha) {kg/ha} NoJm2 Im2 score index index (kg/ha)
Grain types
314 Europa 5172 1454 12 585 1- 114 0.89 4183
518  Vanguard/Julia//Zephyr 5272 1482 608 48 2 1.16 0.91 3458
£22 Irenia 5064 1421 692 61 3 1.12 0.87 3300
604 Piccolo 5308 1566 969 251 2 1.17 0.96 4358
703 Rihane"S” 5688 1394 573 279 3 1.28 0.86 3750
722 7028/Avt/Introduction 5758 1360 3 1.27 0.83 4750
Dual-purpose types
108 Lignee 527 4806 1955 485 60 1- 10.60 1.20 4167
220 Rabat 013 . 4689 2296 613 130 2- 1.04 1.4 3300
308 Antares 521 1975 gn 236 2+ 1.16 1.2 4258
323 Matnan 5239 1731 632 81 2+ 1.16 1.06 4350
422 Matnan*S’ 5314 1828 833 133 2 1.17 1.12 3942
423 CM67/3/Apro//SV.012109/Mari 5378 1878 537 123 3+ 1.18 1.15 3467
Forage types
207 M73129 3608 2219 494 a9 3+ 0.80 1.36 2225
207 M75-12 3603 2021 380 112 3 0.80 1.24 2358
215 Manker/Aths 3928 2208 429 88 1 0.87 1.36 2925
419  Ghar 3958 2092 428 84 3 0.87 1.28 2433
713 Canilla 42 1972 1012 440 3 0.93 1.21 3008
217  BFK/Magnelone 1604 4338 1818 622 322 3 0.96 1.12 2958
a. Grain yield ungrazed.
b. Grain yield grazed.
Table 10. The best genotypesselected from advanced yield trials, Tunisia, 1981-B2 crop season.
Beja Kef
Cross/pedigrea Yield Check Yield Check
(kg/ha) Rank %) {kg/ha) Rank (%}
Rihane 4116 5 136.65 5987 1 145.13
Lignee 527 4041 7 134.16 5658 2 137.16
ER/Apam 4016 8 133.33 5600 3 135.75
Matnan 4079 6 135.42 5195 4 125.93
Rihane'S’ Sel, 61-1AP-0AP 3833 n 127.25 5183 5 125.64
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Figure 1. Identified grain, dual-purpose, and forage types, 1981-82. Numbers 1, 12, and 24 are checks; in the three-digit numbers, the first digit in-
dicatas the trial number, and the second and third digits indicate the entry number.

chewan in Canada. A grant from GTZ (Ger-
man Association for Tecnnical Cooperation)
provides for varieties to be examined at
Munich University for salinity tolerarce.
Screening, selection, and testing of Male
Sterile Facilitated Recurrent Selection Popula-
tions (MSFRSP) is being conducted in
cooperation with Montana State University,
USA.
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Agronomy/Physiology

Barley is the main crop in the low rainfall zone
of the region, i.e., z.. 2 C, which has less than
250 mm annual rainfall, poor soil fertility, and
low levels of crop production inputs.
However, agronomic research has shown that
improvements in yields are possible and
economic, provided that recommendations



take account of the risk aversion of farmers
and the variability of responses in their fields
compared with those in controlled ex-
periments on research stations.

The variation in fertilizer responses in
farmers’ fields is due to differences in cropping
history, soil type, and previous fertilizer use.
Before fertilizer recommendations can be
made to farmers, experiments must be con-
ducted in selected fields and the range of
responses ascertained. ICARDA began such
studies in 1979-80 and continued thern in the
barley growing areas of northern Syria in
1981-82. The results are shown in Table 11.

In general, larger responses to fertilizer are
obtained in the more favorable seasons and
after fallow.

Other production inputs also play an impor-
tant role in barley production in zone C. The
results from experiments conducted over 3
years comparing farmers’ and improved pro-
duction practices are presented in Table 12.
Sowing method (drilling) and fertilizer applica-
tion increased yields most in zone C. Farmers
tend initially to choose the least cost or most
profitable practice and introduce later the
more expensive or risky changes. The best
sequence in which to change practices can be

Table 11. Responses of cureals to N and P05 in northern Syria in the 1979-80 to 1981-82 seasons.

Zone/crope No. of Range of N (kg/ha) required Mean Range of P,0; (kg/ha) required Mean
sites for max. grain yield {kg/ha} for max. grain yield (kg/hal
Zone C {barley} 6 0t> 60 30 0> 80 20
Zone B [durum} 7 Ot 140 65 0To 60 10
Zone A {bread whoat) B 0w 240 95 0w 120 25

a. Annual rainfall received in zones: A == 350 mm; 8 = 250-350 mm; C =<< 250 mim.

Table 12. Difference in yield between improved and farmers’ preduction practices, 1879-80 to 1981-82.

Production practice Mean yield difference (%)

practice Zone C Zone B Zone A
(barley) {durum) {bread wheat)

1979-80

Sowing methods 4 4 4

Fertilizer? 22 20 12

Weed Controle 2 3 - B

Variaty? 7 5 7

1980-01

Fertilizer n 21 2

Weed Contrelc 10 17 1

Varietyd 2 0

1981-82

Nitrogenb 1 22 0

Phosphate® 5 ] -8

Weed Controle 4 15 5

Varigty? -4 3 8

a. Broadcast vs drilled-all zones.

b. Fertilizer rates (kgfha): Zone C = 0 vs 20 N, 30 P05; Zone B = 0 vs 60 N, 30 P,0;; Zone A= 180 N, 100 P,0 vs 120 N, 80 P,05

¢. Unsprayed vs post emergence sprayed with brominil [all zones).

d. Arabi Abied vs Beecher {Zone C), Haurani vs Sahl (Zone B), and Mexipak vs S311 = Norteno (Zone Al.
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determined by economic analysis from data
such as that shown in Table 12.

Although barley is grazed under a variety of
conditions and forms a vital part in the diet of
sheep, management practices to achieve the
best combination of grazing and grain produc-
tion have not been extensively researched. To
obtain the information needed, experiments
were conducted in 1981-82 on nitrogen
rates, seeding rates, and varieties of cereals
for grazing. The results are shown in Table 13.

Nitrogen Fertilizer Rates

Five rates were tested on both grazed and
ungrazed barley using one forage-type barley
(Saida), one local grain-type (Arabi Abied),
and one dual-purpose type (C-63). Half of
each plot was grazed with sheep at the tillering
stage. The optimum N rate for drymatter pro-
duction at tillering was found to be about 50
kg/ha for all three varieties although C-63 may
have required slightly more, which is a similar
result to the 1980-87 experiment.

Grain yields after grazir.g were significantly
smaller than in the ungrazed treatments. The
best grain yields in the ungrazed plots were
achieved with N rates of 50-100 kg/ha for
Arabi Abied and Saida, but for C-63, rates
exceeding 100 kg/ha were the best. After
grazing, the best grain yields were obtained
from N fertilizer rates of more than 100 kg/ha
for Arabi Abied, 150 kg/ha for Saida, and 200
kg/ha for C-63 (Table 13). Arabi Abied

significantly outyielded C-63 in both the
grazed and ungrazed treatments at zero N, but
the reverse was true at N rates above 100
kg/ha. This confirms our last year’s result and
indicates that for rainfall and soil conditions
similar to those at Tel Hadya for these two
seasons, the N rate required for grazing and
grain production is about double that required
for grain production alone. Thus the value of
grazing has to be balanced against the cost of
the extra N and the loss in grain yield.

Seed Rates

Five seed rates were tested on both grazed
and ungrazed barley, using the same three
varieties as in the previous expecriment. Half of
each plot was grazed at tillering. The varieties
were not significantly different in drymatter
productior at any seed rate, however,
drymatter production increased significantly
up to a seed rate of 240 kg/ha.

The best grain yield was achieved at a seed
rate of 30 kg/ha for all varieties in both the
grazed and ungrazed condition, except for
ungrazed Arabi Abied, which yielded
significantly more at 60 kg/ha (Table 14).
Again, the value of the extra grazing at a seed
rate of 240 kg/ha will have to be balanced
against the extra seed cost, compared with 30
or 60 kg/ha, and the reduction in grain yield.

Varieties

Tﬁirty varieties previously selected by the

Table 13. Influsnce of variety, nitrogen, and grazing on grain yield at Tel Hadya, 1981-82.

Ungrazed (kg N/ha}

Grazed !kg N/ha}

Varigty oN 50N 100N 150N 200N 0N 50N 190N 150N 200N
Grain yield ykg/ha) Grain yiold {kg/ha)
Arabi Abied 3321 3869 4005 4011 3590 2614 3035 3939 3895 3767
63 2896 3454 4303 4503 4815 2177 2897 3536 4052 4506
Saida 3052 3454 3817 4186 3936 2357 3126 3567 4185 4331
LSD 15%)

Varigty means for the same N rate 374 kg/ha.
N means for the same variety 390 kg/ha.
Grazing means for the same N rate 420 kg/ha.
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Table 14. In