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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 developing countries and 
specifically for the agricultural systems in West Asia and North Africa. The overall 
objective of the Center is to contribute towards increased agricultural productivity, 
thereby increasing the availability of food in both rural and urban areas, and thus improve 
the economic and social well-being of people. 

ICARDA's primary involvement is with rainfed agricultural systenis in areas that 
experience limited, winter rainfall. Investigational work may be extended into irrigated 
areas where it is logical and cost effective to do so, but Center policy remains to give first 
priority to problems of the rainfed sector, an area which has always been at or near the 
bottom of any research priority list. In these environments barley, lentils, and faba beans 
(Vicia .aba) are among the most important crops. For this reason, ICARDA has been 
assigned the principal responsibility for their improvement. The Center has five principal 
objectives: 

a. 	 To serve as an international center for research into and for the improvement of 
barley, lentils, and fabi beans (Viciafaba)and such other crops as may be designated 
by the Board of Trustees in consultation with the Consultative Group on International 
Agricultural Research. 

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

c. 	 To conduct research into and develop, promote and demonstrate improved systems of 
cropping, farming, and livestock husbandry. 

d. 	 To collaborate with and encourage cooperation and communication among other 
national, regional, and international institutions in the adaptation, testing, and 
demonstration of improved crops, farming, and livestock systems. 

e. 	 To foster and support training in research and other activities carried out in the 
furtherance of its objectives. 
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ICARDA's Principal Research Areas
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Introduction 

Each of the International Agricultural Research Centers of the Consultative Group on 
to an in-International Agricultural 	Research (CGIAR) is subjected every five years 

program-or, as was commonly called-The Quinquennialdependent review of its 

Review. The Review Panel is appointed by the COIAR, to which body it submits its final 

turn, and for the first time, to undergo an externalreport. In April 1983 it was our 


program review-as iRis now called. A team of eleven eminent scientists chaired by Dr.
 

Guy Baird of lADS conducted this exercise at ICARDA, Aleppo, having made prior visits
 

to our core-supported program in Morocco and Tunisia and earlier to the Nile Valley
 

Project in Egypt. A short,visit was also made by two members of the Panel to the Terbol
 

Station In the Beqa'a, Lebanon. The names and addresses of the Panel members 
are 

given !nAppendix Iin this report. 

Our mandate, strategies, research and training accomplishments as well as our 

points of strength and weakness were intensively examined. This historic event gave us 

was officially created ina singular opportunity to look into the past six years (ICARDA 

January 1977), and in the light of contemporary financial realities, to reflect onto 

possible future plans and potentials of ICARDA. !1 would be presumptuous, indeed 

fool-hardy, on my part to attempt summarizing the review report and the recommen

dations of the COIAR on it. Nevertheless, I owe it to readers of t,.is Annual Report to put 

on record a few salient points on the outcome of this important exercise. 

1. The 	 were supportive ofQuinquennial Review Report, and the CGIAR response, 

ICARDA programs in almost every aspect. Where changes were proposed, such as 

the transfer of the Livestock Unit from the Farming Systems Program to the Pasture 

and Forage Improvement Program, they addressed shifts in emphasis within and 

between programs. 

In no case did we receive a signal to diminish any activity. On the contrary, almost2. 

or intenall the recommendations pointed towarls strengthening, expansion, 


sification of our research and training programs.
 

3. 	 One major recommendation, also approved by the CGIAR, is that ICARDA should
 
on
embark on supplementary irrigation research but without slowing its thrust 

dryland agricultural research. A specialist will be appointed in 1984 through the 

core budget to start this vitally important aspect of research. 
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4. 	We are told that despite the stunting effects of financial constraints on the growth 
and development of ICARDA and despite the political realities in this region, 
ICARDA has made significant strides; and its staff at all levels are highly motivated. 

Thus, the review outcome gave aremarkable boost to an already healthy climate of 
confidence at ICARDA and an overall sense of commitment in what we are endeavouring 
to do towards the fulfillment of our mandate and the achievement of those objectives for 
which ICARDA has been created. 

In my Foreword to last year's Annual Report (1982) 1stated that: 'At ICARDA we 
realize the importance of climate to agricultural research and are resisting the tempta
tion to 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 precipitation was received inthe 
1981/82 cropping season. This isclose to the long-term sea.ional average, but it must 
be considered in the Ight of a wide range of seasonal precipitation experienced in the 
previous 25 years from 153 to 465 mm. We now have had five seasons with average for 
Tel Hadya being 350 mm. Our results have not yet been tested in a real dry year'. 

The 1982/83 season had its own climatic variations to make it different from the 
past seasons. The rainfall was slightly lower than average (324 mm instead of 341 mm), 
with an almost normal distribution. The temperatures during the November to April 
period were considerably lower than average, 8.40 Cinstead of 10.21C. Also, a new ab
solute minimum of -9.80Cwas recorded at the station during January 1983. Inaddition, 
the number of frost days was 52, compared to 30 as a five seasons'average. The main 
frost period occurred from December 1982 to February 1983. This delayed the plant 
development considerably and the crops suffered frost damage. 

The year marked the completion of the first stage cf development of our computer 
services. Basic software, including specialized packages, were developed at ICARDA and 
are now in use. They address diverse areas in research and administration. 

A database management system called ICADET was developed as the basis for 
many packages which deal with such areas as international nurseiies, crop agror.' my, 
genetic resources, and meteorology. 

An expanded version of CRISP (Crop Research Integrated Statistical Package) isus
ed as the basic statistical tool. Overall estimates of varietal performance and a more 
rapid selecticn of cultivars iscarried out on specially designed modules. 

As a management tool, the computer was put to use for accounting, control, and 
information. MAS (Management, Accounting, and Information System), designed and 
developed at ICARDA, produces daily and periodic comparative. reports reflecting the 
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financial status of ICARDA. MAS spans a range of ICARDA's financial activities. It ln

cludes, fo: example, the budgeting process, made easier through special program 

modules. Payioll and Personal Service Processors provide more effective monitoring of 

overheads. The forthcoming release of the Inventory Control and Order Eni ry Program 

Sub-Systems will minimize unnecessary investments in stocks, and increase the effi

ciency and rapidity of procurement. These additions will complete the basic components 

of the financial and administrative information system and lay the foundation for the 

next stage of development for a further refinement of the management and control of 

expenditure. 

In addition the foundation for the second stage of development, which aims at ad

dressing specific problems, was laid. It included, for example: 

1. 	The development of the management system for the active cereal collections to 

permit an analysis of the performance of parents and provide a more rapid techni

que for planning of experiments, taking full account of the history of the cultivars. 

2. 	 Rapid identification of microbe strains in legume crops, using a derivative of 

ICADET. Analysis of such data will provide a greater understanding of the 

microbiological and pathological factors in crop improvement. 

3. 	 ICADET supports an on-line search facility of crop abstracts. This is also used in the 

production of diverse catalogs. 

The progress by computer services has been indeed exciting; all the more so 

because it could be achieved in a relatively short time. We hope that in the near future 

the services of our computer will extend to assist national programs in this region. 

Two new wheat varieties, identified by the joint project between ICARDA and the 

Agricultural Research Center (ARC) of the Syrian Ministry of Agriculture and Agrarian 

Reform, were approved by the Syrian Variety Release Committee for multiplication and 

release to farmers. Sham 1, the new durum wheat variety, is suitable for Zone A (350 

mm and above) and Zone B (250-350 mm). The new bread wheat variety, Sham 2, is to 

be released for Zone A in Syria. 

A separate Genetic Resources Unit has been established at ICARDA, Aleppo, to 

serve as a center for the collection, characterization, documentation, maintenance, 

conservation, and distribution of germplasm of ICARDA's mandate crops. Previously 

each of the crop improvement programs had independent genetic resources activities. 

The Unit has developed plans to fill geographic and genetic gaps in ICARDA's germ

plasm holdings. Thanks to a generous contribution by the Italian Government of 

$ 840,000-the Genetic Resources Unit building will be constructed at the Tel Hadya 

site. 
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Training activities were broadened to include more collaborative in-country courses, 
and individual training responsive to specific agricultural research needs of national 

programs. The newly-appointed Head of Training began establishing an organizational 
framework for training support operations and job descriptions for Training Section for 

short and long-term agricultural research training needs; as well as strengtheiing the 
collaborative network of national, regional and international training institutions in
volved in countries of the ICARDA mandate region. We have plarls to make significant 

progress in this field over the next five years. 

Tangible progress in our collaboration with many riational programs in the region, 
and elsewhere, was made in 1983. For example, collaborative research with the national 
program in Syria expanded to include, in addition to the Agricultural Research Center 
(ARC), the Steppe and Range Directorate and the Extension Department and the Soils 

Bureau. A greatly increased level of collaboration with the. Arab Center for Studies of 
Arid Zones and Dry Lands (ACSAD) has also brought a new dimension to the on-farm 
cereal trials in Syria as well as to many other aspects of ICARDA's research and training 
endeavours. 

ICARDA's efforts in North Africa were also considerably strengthened during the 

year with the establishment of an ofice in Tunisia. The past work of ICARDA in helping 
to strengthen the Tunisian barley improvement program has paid-off to the extent that 
the national program now has the capacity to conduct research on barley with only 
limited support from ICARDA. As a result the Government has requested us to transfer 

the major part of oui*own research efforts in support of cereals in Tunisia to pathology. 

In the Nile Valley Project, supported by [FAD, the research has reached a stage 

where several improved practices for faba bean production are ready for widespread 
dissemination to farmers. It is planned, for example, to conduct a pilot project to 
demonstrate improved cultural practices on a total of over 300 acres in northern Sudan 

in the coming season in cooperation with the extension service. Similar efforts to 
transfer the research results to farmers are also being planned as part of the future pro
ject activities in Egypt. 

Cooperation with our colleagues in national programs is the life blood of ICARDA. 

Suffice it to say here that we are proud of our achievements in 1983 in further 
strengthening our links with national scientists in almost every country of the region. 

Considerable progress was made in our buildings complex at Tel Hadya. 
Laboratories 1 and 2 and Training and Communication blocks reached an advanced 

stage of construction, and site preparation progressed. 

Beginning with this Annual Report, ICARDA will produce Arabic versions of its an
nual reports for its Arab readers. The Arabic version of this report will follow shortly. 
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The progress of work reported In this document has been possible due to the 

dedicated efforts of ICARDA's staff, enthusiasticgenerous support of our donors, 


cooperation from national programs and research institutions in most countries of the
 

region as well as many institutions in the developed countries of the world, and our 

sister international research centers. The work, I hope, amply reflects that ICARDA has 

continued to respond positively to the challenge of improving food production in a harsh 

and uncertain environment. 

I welcome this opportunity to express my deep sense of appreciation and thanks to 

all those on whose support ICARDA is so gratefully dependent. 

Mohamed A. Nour 

Director General 
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Meteorological Data 1982/83
 

The 1982/83 season was typified by abnormally 
cold air temperatures in the vegetative growth 
phase of most crops (December-February). Dec 
1982 was the third coldest December in the 
period 1960-82: similarly January was the third 
coldest January, and February the fifth coldest 
(based on number of frost days in Aleppo). This 
resulted in a seasonal total of frost days exceeded 
by only one season, 1971/72, in the period 
1960-82. Furthermore the absolute minimum 
temperature for the year -9.8 0 C (late January) 
was the third coldest event recorded in the 
previous 22 years and approached closely the 
period's absolute minimum of -11.3 0 C 
(1972/73). 

Precipitation was in general favorable for 
crop growth. The first rains capable of causing 
germination occurred in mid-November, which 
is close to average for Tel Hadya. Distribution 

in time was good up to 1 Jan with totals slightly 
below average. However, in January only 17.1 
mm were received, which is a total exceeded in 
9.5 years out of 10. This very dry month was 
compensated for by a slightly wetter than 
average February and March and a wet April in 
which 49.5 mm were recorded. The precipita
tion season was therefore well distributed in 
time and prolonged by the last effective event, a 
fall of 14.8 mm in mid-May. This resulted in a 
seasonal total of 323.3 mm which is only very 
slightly drier than the site's long-run average of 
342.0 ± 99 mm. 

Other meteorological events capable of caus
ing severe reductions in crop productivity such 
as abnormally high temperatures in early 
summer, hail, or excessive winds were not im
portant factors in 1982/83. A full summary of 
weekly average data is presented in Table 1. 

Table 1. Weekly meteorological date for Tel Hadya from 5 Sept 1982 to 31 Aug 1983. 

Mean max. 
Week air temp. 2 

No. 1 (0C) 

5 Sept 1982 1 35.7 
2 34.6 
3 32.5 
4 31.8 
5 27.3 
6 29.7 
7 26.2 
8 25.3 
9 23.4 

10 13.4 
11 17.8 
12 13.1 
13 10.4 
14 8.4 
15 12.4 
16 12.3 

Mean min Pan Inc. Wind Total 
air temp. 3 evap. 4 rad.5 run6 rain7 

(0C) mm/d MJ/m 2 /d kmld mm/wk 

18.5 13.3 17.80 374.9 0.0 
17.3 10.9 16.79 324.1 0.0 
15.6 9.8 16.73 345.7 1.2 
15.8 9.3 15.12 299.4 0.2 
13.1 6.4 13.46 235.0 4.2 
13.8 6.8 11.66 204.7 0.6 
10.5 7.1 12.48 233.1 0.0 
10.1 5.3 11.44 190.5 0.8 
2.9 5.1 12.15 155.0 13.0 
5.1 2.5 6.44 214.3 10.2 
4.4 2.6 9.58 227.9 8.6 
3.1 2.1 7.45 203.3 5.8 

-2.9 1.2 7.22 123.1 10.8 
-0.8 1.0 6.18 176.2 20.5 
2.1 1.3 6.78 229.5 0.0 
0.0 1.1 7.28 155.5 2.8 

Contd. 
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Table 1. Contd. 

Week 
No. 1 

Mean max. 
air temp. 2 

(*C) 

Mean min 
air temp. 3 

(*C) 

Pan 
evap. 4 

mm/d 

Inc. 
rad.5 

MJ/m 2 /d 

Wind 
run 6 

km/d 

Total 
rain7 

mm/wk 

17 10.3 4.8 0.9 4.28 185.4 29.0 

18 4.3 -2.0 1.0 6.48 210.8 1.6 

19 9.4 -2.6 0.8 7.81 193.7 2.6 

20 12.1 2.8 1.2 3.64 274.2 12.5 

21 8.3 -4.5 2.0 10.17 197.4 0.4 

22 11.6 1.0 2.0 7.86 229.9 15.3 

23 13.2 2.8 1.7 10.95 123.1 4.6 

24 11.4 2.9 1.7 7.51 224.4 37.2 

25 7.5 1.1 1.6 9.85 244.4 9.4 

26 10.7 4.6 1.3 7.43 241.9 32.6 

27 15.0 -0.7 3.7 14.59 206.0 0.0 

28 17.3 4.5 4.5 12.10 331.1 0.8 

29 17.3 5.0 3.4 12.61 228.1 28.4 

30 23.4 8.4 6.2 16.10 232.6 2.2 

31 21.1 7.5 3.6 13.09 189.5 28.6 

32 22.1 7.1 5.2 16.80 191.1 2.8 

33 17.8 5.5 4.5 15.88 217.8 15.4 

34 26.7 7.1 6.7 19.77 148.3 0.5 

35 28.0 11.6 8.8 18.88 267.0 0.0 

36 28.4 10.8 9.0 19.25 212.7 14.8 

37 26.9 12.7 5.6 15.84 188.1 3.9 

38 29.8 13.6 10.6 21.10 303.4 0.8 

39 33.6 14.4 11.6 20.30 225.4 0.4 

40 30.6 16.3 12.0 20.22 400.2 1.6 

41 33.4 14.5 13.6 22.22 368.5 0.0 

42 33.2 18.3 14.0 21.87 474.7 0.0 

43 35.0 17.9 14.2 21.65 413.4 0.0 

44 33.6 19.6 14.0 21.50 517.9 0.0 

45 36.4 18.3 13.8 20.87 469.7 0.0 

46 35.6 21.5 15.0 20.66 537.2 0.0 

47 35.0 19.2 '13.7 19.82 379.5 0.0 

48 37.3 21.3 16.1 19.67 503.6 0.0 

49 34.9 20.2 14.0 19.79 570.4 0.0 

50 34.8 20.4 13.7 19.32 543.5 0.0 

51 34.3 19.4 13.9 18.83 516.4 0.0 

31 Aug 1983 52 33.3 16.0 11.7 17.34 317.4 0.2 

1. 7-day intervals starting with Sunday 5 Sept 1982. 
2. Weekly mean maximum screened air temperature 'C. 
3. Weekly mean minimum screened air temperature *C. 
4. Class A pan evaporation mm/d. 
5. Weekly mean incoming radiant energy MJ/m 2/d. 
6. Weekly mean wind run km/day. 
7. Weekly accumulation of precipitation. 
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Table 2. Seasonal rainfall at ICARDA research sites in Syria, 1982/83. 

Site Latitude 

Breda 35 055'N 
Hama 35 008'N 
Hassake 36 030'N 
Homs 34 045'N 
Idleb 35 056'N 

Jindiress 36 023'N 
Kafr Antoon 36 032'N 
Khanasser 35047'N 
Lattakia 35 030'N 
Q0mishly 37 003'N 

Raqqa 35057'N 
Salamieh 35 000'N 
Sweida 32 042'N 
Tel Hadya 35 055'N 

Longittude 

370 10'E 
36 045'E 
40 045'E 
36 043'E 
36 039'E 

36 041E 
37 002'E 
37 030'E 
35 04TE 
41 0 13'E 

.39 000'E 
37 002'E 
36 035'E 
36 055'E 

Altitude 
(m) 

350 

316 
300 

487 
446 


231 
555 
350 


7 
467 

251 

480 
997 
362 

Long-term 1982/83 
average seasonal 

rainfall (mm) rainfall (mm) 

278 285
 
325 383 
279 269
 
480 533 
479 575
 

479 417
 
438 340 
214 296
 
784 871 
480 315 

207 217
 
309 292 
364 389 
342 323 

Table 3. Agroecological zonation of Syria. 

Zone la Average rainfall over 600 mm. A wide range of crops can be grown. Fallowing is not necessary. 

Zone Ib Average rainfall between 350 and 600 mm and not less than 300 mm in two-thirds of the years surveyed. At least 
two crops can be grown every 3 years. The main crops are wheat, pulses, and summer crops. 

Zone 2 Average rainfall between 250 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 mrn 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 pulses can be grown. 

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

In general terms, zones la and lb can be referred to as zone A, zone 2 P, zone B, and zones 3 and 4 as zone C.
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Farming Systems
 

Introduction ICARDA's research is conducted keeping in view the 
prevalent farming systems in the region. The Farming 
Systems Program (FSP) helps the Center's other research 
programs in determining their research priorities and ap
proaches to suit these systems. During the past 3 years, FSP 
has developed a research approach that seeks solutions to the 

agronomic and economic constraints to increasing 
agricultural productivity in the region. The approach is 
briefly described below and the problems under study are 
enumerated. Then, the research results for the 1982/83 
season are presented. 

Farming Systems Research (FSR) at ICARDA is a process 
that first identifies problems limiting agricultural produc
tivity and then searches for their solutions. FSR also attempts 
to evaluate new technologies in the light of all the com
ponents of the system including the complex interdependen
cies of these components. This process recognizes the 
resources and constraints of the farming families (who are 

, 'i.... 
both producers and consumers), and seeks solutions that are 
relevant, useful, and acceptable. The FSP scientists therefore 

i 
continually interact with farmers for whom the research in 
intended. 

The FSP research passes through four stages: (1) 

diagnostic, (2) design or experimental, (3) testing, and 
extension. This process is dynamic and iterative, since 

(4) 
we 

4i frequently return to previous stages to clarify points as we 
gain knowledge, confront problems, and consider research 
alternatives. In addition, the distribution between stages is 

FSP researchers continually interact with 

farmers for whom the research is intended, 
not sharply defined as there is much overlap, and we work at 
several stages simultaneously. 



4 FarmingSystems 

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 utilization of limited 

on soilresources. Particular emphasis is placed 

and water resources, combined with im
provements in crop and livestock husbandry. i 
achieve this goal, the program has the following 
twvo overriding objectives. 

The first objective is to develop methods andtools necessary to conduct FSR. An agricultural 
system is determined by its natural and human 
resources, historical development, and the 
revsour chitoral ndeeoomicp ment,

prevailing social and econom ic environm ent.P 

Because the ICARDA region is large and 
diverse, these factors are found in many com-
binations; consequently, the systems in our 

region are numerous. Therefore, we do not aim 

to develop a new system or technology that has 

wide applicability 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 in areas of ICARDA's concern. Thus, ex
posing scientists in the region to this approach, 
and training them to use it, is a high-prior.: 
activity of the program. A first step is to test the 
efficacy of the approach outside of Syria (we 
have chosen Tunisia for this test) and then adopt 
a training strategy to broaden the geographical 
base to include other countries. 

The research in the Program is divided into 
six Projects: 

Project I: Productivity of Cereal Crops in 

Rainfed Mediterranean Environments. 

Project II: Nitrogen Fixation, Productivity, 

and Water Use of Grain and Forage Legumes 

in Rainfed Mediterranean Environments. 

Project III: Crop Rotations and Cropping 

Systems. 

Project IV: Livestock in the Farming
Systems. 

Project V: Environmental Zoning. 
Project VI: Farming Systems Research in 
Tunisia: ATest for FSR Methodology. 

Microbiology and wveed control were added 
to the FSP in 1982 and this is the first time their 
results are being reported in detail. In 1983/84,
the livestock research will transfer to thea t r r F ag I m ov en P o r m 
Pasture a Forage Programbd Improvement 
(PFIP) to better balance the activities and size 
of the two programs. While the objectives of 

Project IV will not change and the relationship 

between the FSP scientists and the livestock 

scientists will continue, livestock research will 

be reported by PFIP in the future. 

Project VI received funds in 1983; the 
research results wvill be reported in 1984. 

Project I: Productivity of 
Cereal Crops in Rainfed 
Mediterranean Environ

ments 

In the Mediterranean basin ,. here the winter 
rainfall is both limited and erratic, barley and 
wheat are the principal cereal crops. Both yield 

and stability of yield of cereal production are 

affected by a broad-spectrum of environmental, 
management, and socioec. ic factors. Con
sequently, the FSP has conducted research, now 
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examined the effect of seed rate, nitrogen, andin its fifth year, on traditional and new 

management practices within the framework of 	 phosphorus on barley yields across five locations 

in northern Syria with rainfall ranging from 475established crop rotations to determine their ef-

fects on: (1) the underlying processes and rates to 220 mm/annum. Until now, these results 

of crop growth as they are regulated by the have enly been analyzed by site and year. Dur

physical and nutritional environment and (2) ing 1982/83, considerable efforts have been 

made by FSP staff to analyze these data acrossproductivity within the limits of economic pro-
site and year and we hope to report this workfitability and social acceptability, 
next year. 

The research in this Project in 1982/83 was 

somewhat different from that conducted in In addition, work was initiated to examine 

1981/82. After 3 years of detailed agronomic the performance of improved barley varieties 

study of seeding rate and nitrogen and under low-fertility conditions in dry areas 
sufficientlyphosphorus fertilizers (SNP) on barley produc- (<300 mm). This work produced 

tion, the original design was replaced by a interesting results to warrant an expanded effort 

in 1984. These will be reported after the secondsimpler, 25 factorial trial. Weed control was a 


new factor added because of its importance in year of investigation.
 

limiting yields, particularly in the higher

rainfall zones. Component 1: Agronomic
 

the Research 
report we concentrate onIn this 

agronomic and weed control research con-
Grain Yield Trials in Northern Syria

ducted in 1982/83. However, during that period 

other aspects of cereal research were also 
Full Agronomic reseach on barley and wheat pro

undertaken and these are indicated below. 
duction conducted by the Cereal Improvementreports on this work will become available dur-
Program and the FSP during the previous 3

ing 1984. 
'ears has made it possible to draw un recom

niendations for farmers at each of six locations 

1. Socioeconomic research in northern Syria. However, in the SNP (seed 

rate, nitrogen, and phosphorus) trials con-

The barley survey in Syria was completed this ducted by the FSP during the past three seasons, 

year and progress was made in analyzing these the effect and interaction of weed control with 

data by computer. The results will be reported other factors was not assessed. In the 1982/83 

in full in early 1984. In addition, three research season a series of 25 factorial trials across the 

projects were completed in the collaborative same six locations (Jindiress, Kafr Antoon, Tel 

project (Ministry of Agriculture, University of Hadya, Breda, Ghrerife, and Khanasser) was 

conducted to assess the relative importance ofJordan and ICARDA) in Jordan. 
major agronomic variables, including weed 

contr6l. The factors studied were: nitrogen fer

tilizer (N). phosphorus fertilizer (P), weed con2. 	Agronomic research 
trol (W), variety (V), and seed rate (S). Each 

During the three seasons, 1979/80-1981/82, a factor was studied at two levels of application 

rich data set was obtained from trials which (Table 1). 



6 FarmingSystems 

Table 1. Site characteristics and management practices in cereal agronomy trial at six locations in northern Syria, 1982/83. 

Zone 1 

Trial details Jindiress - Kafr Antoon 

Seasonal rainfall (mm) 417 341 
Soil type Chromic Vertisol 

Soil depth (m) > 1.5 
Aspect Flat 
Sowing (" e 10 Nov 13 Nov 
Preceding crops Chickpeas, Sesame 

Management: 
Nitrogen (kg N/ha) (N) 

High 100 
Low 0 

Phosphorus (kg P2 0 5 /ha) (P) 
High 60 
Low 0 

Weed control (W) 
High Brominal 
Low None 

Variety (V) Bread Wheat 
High Nortino 
Low Mexipak 

Seed rate (kg/ha) ,S) 
High 100 
Low 60 

The seed was drilled in plots 6.3 < 12.5 m, 
with phosphate fertilizer and 20 kg N/ha where 
applicable, at a between-row spacing of 17.5 
cm. Where required, remaining nitrogen was 
top-dressed at the start of stem. elongation 
Weed control was achieved with a sin~gle spray 
of Brominal Plus (bromoxynil plus MCPA) at 
stem elongation. 

At anthesis, weed numbers, weed species, 
and weed dry-matter production were assessed 
in two 1-m microplots within all plots not 
receiving weed control. At maturity, crops were 

harvested by Hege Combine with a single pass 
per plot (1.25 x 12.5 m) and Harvest Index 
was estimated separately from 4-m sample rows 
taken adjacent to the harvested strip. Total 
dry-matter production, 1000-grain weight, 
straw yield, and grain number were recorded. 

Zone 2 Zone 3/4 

Tel Hadya Breda - Ghrerife - Khanasser 

323 
Vertic (ctlcic) Luvisol 

> 1.5 
Flat 

27 Nov 
Lentils, Melons 

285 

15 Nov 

232 295 
Calcic Xerosol 

> 1.5 
Flat 

19 Nov 22 Nov 
Barley, Fallow 

60 20 
0 0 

45 45 
0 0 

Broninal Brominal 
None None 

Durum Wheat Barley 
Sahl Beecher 

Hourani Arabi Aswad 

100 100 
60 60 

To highlight important factors, discussion 
will be centered on grain yields, but where im
pG. tant, reference will be made to the other 
components of yield. 

Effect of nitrogen fertilizer. The main effects 
and interactions of nitrogen across the six loca
tious are summarizcd in Table 2. Only signifi

cant first-order interactions are included. 

At the two wettest locations in Zone 1, )in
diress and Kafr Antoon, significant respnses to 
nitrogen were obtained. At Jindiress, weeds 
were a serious problem and there was a strong 
interaction between nitrogen application and 
weed control. Weeds responded so vigorously to 
nitrogen that, without weed control, wheat 
yields were depressed by nitrogen application. 
However, with weed control, large responses in 
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Table 2. Main effect and interactions of nitrogen application on cereal grain yield (tonne/ha) at six locations in northern 

Syria, 1982/13. 

Jindiress Kafr Antoon Tel Hadya Breda Ghrerife Khanasser 

Main Effect +N 1.94 2.11"* 1.33 0.77 1.10"* 0.95 

-N 1.72 1.66 1.46 0.74 0.WJ 0.95 

SE ± 0.08 0.06 0.07 0.03 0.03 0.02 

Interactions 
N- N+ 

N x P P- 1.47 1.71" 0.84 0.86' 
P+ 1.85 2.51 1.06 1.34 

N- N+ 
N.x W W- 1.47 1.32"** 

W+ 1.98 2.56 
N- N+ 

N x S Stt 1.64 2.30* 
1.67 1.92SL 


Effect or interaction significant (P < 0.001) • * Effect or interaction significant (P< 0.05). 

I tonne = 1000 kg. 

grain yields were obtained. At Kafr Antoon, 
weeds were not such a serious problem, and a 
significant main-effect response to nitrogen 
application was obtained. But, as might be ex

pected oft soils deficient in both N and P, an 
N x P interaction was found. This interaction 
was also observed in total dry-matter and straw 
yields at Jindiress. 

At the four driest locations, nitrogen 
responses were either small or insignificant 
(Table 2). Only at Ghrerife was a significant 
response obtained, and again, an N x P interac
tion was found. 

Although not shown in Table 2, nitrogen ap-
plication reduced the 1000-grain weight at all 
locations, and was highly significant at Kafr 
Antoon, Breda, Ghrerife, and Khanasser his 
agrees with our results from crop 

growth/water-use studies in previous years, in-
dicating that enhanced vegetative growth 
caused by N application results in greater 
depletion of soil-moisture reserves at the start of 

This effect is made even more serious by the 
tendency for nitrogen application to delay 
maturity. 

These yield responses to nitrogen support 
those of previous years in indicating a greater 
response in the wetter zones than in the drier 
zones, but they emphasize the fact that in 
nitrogen-deficient soils, where P deficiency and 
weeds are also a problem, reduced and even 
negative responses to nitrogen can be expected 
unless these two problems are overcome. 

Effect of phosphorus fertilizer. A highly 
significant response of grain yield to phosphorus 
application was obtained at all sites except Tel 
Hadya (Table 3), confirming the importance of 
improved phosphorus nutrition on these 
calcareous soils. As in previous years, no 
response to phosphate was recorded at Tel 
Hadya. In addition, a P x S interaction was 
observed at Khanasser, similar in nature to the 
N x S interaction at Kafr Antoon. This indicates 
that fertilizer response can be reduced at 

grain filling and hence in reduced grain size. suboptimal seeding rates. 
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Table 3. Mean effect and interactions of phosphorus application on cereal grain yield (tonne/ha) at six locations in northern 
Syria, 1982/83. 

Jindiress Kafr Antoon 

Main Effect +P 2.05" 2.11* 
-F 1.61 1.66 

SE ± 0.08 0.06 

Interactions 
P- P+ 

PxN N- 1.47 1.85* 
N+ 1.71 2.51 

p- P+ 
PxS SH 

SL 

I tonne = 1000 kg. 
* Effect or interaction significant (P< 0.001). 
* Effect or interaction significant (P<0.05). 

Phosphorus application, like nitrogen ap-
plication, enhances vegetative growth and thus 
results in increased rates of moisture use. 
However, in contrast to nitrogen application, 
improved phosphorus nutrition speeds up cereal 
physiological development resulting in con-
siderably earlier dates of anthesis and maturity. 
Our previous studies have clearly demonstrated 
that this enhanced rate of growth compensates 
for the greater rate of water use and results in 
little or no difference in moisture use and profile 
depletion at the onset of grain filling. At th2 two 
wettest locations, Jindiress and Kafr Antoon, 
the advanced date of onset of grain filling caus-
ed by phosphorus application, coupled with the 
more favorable moisture conditions at those 
sites, resulted in a significant increase in 
1000-grain weight. At the two intermediate 
sites (Tel Hadya and Breda), the effect was not 
clear. But at the two driest sites, Ghrerife and 
Khanasser, in spite of earlier anthesis and onset 
of grain filling, the less favorable moistrue 
status coupled with the greater crop canopy 
resulting from P fertilizer increased moisture 
stress during grain filling and thus reduced 
1000-grain weight. 

Tel Iladya Breda Ghrerife Khanasser 

1.43 0.99... 1.22... 1.02" 
1.36 0.52 0.85 0.89 
0.07 0.03 0.03 0.02 

0.84 1.06 
0.86 1.34 

0.94 1.13** 
0.84 0.92 

In barley-growing areas, straw is very im
portant as feed for sheep during summer, often 
equal in value to the grain. Phosphorus ap
plication produced large and significant in
creases in straw yield at Breda, Ghrerife, and 
Khanasser. 

Effect of weed control. Dry-matter production 
data of weeds at anthesis are presented in Table 
4. At Jindiress and Tel Hadva, Sinapis arvensis 
was a severe problem. Weed growth responded 
strongly to N and P applications resulting in 
highly significant main effects and N x P in
teractions. In the presence of N or P alon,, only 
small increases in weed dry-matter production 
were found, but where N and P were applied 
together, the response was very large. It is not 
clear why, in the light of such a pronounced 
response of weed growth to fertilizer at Tel 
Hadya, that last year's and' this year's results 
show no response of cereal crops to fertilizer 
when weeds are controlled at this location. 

Increased seed rate significantly suppressed 
weed growth at Tel Hadya and Khanasser. 
Similar (but not significant) trends were 



Table 4. Main effects and interactions of N, P,V, and S on weed dry matter (tonne/ha) at anthesis at six locations in northern Syria, 1982183. 

Jindiress Kafr Antoon Tel Hadya Breda Ghrerife Khanasser 

Principal weed Sinapis Avena Sinapis Vaccaria Neslia 

species arvensts sterilis arvens pyrainidata ajpicuata 

Main Effects 	 + N 2.39"** 0.45 2.02".. 0.32 0.24" 0.37 
- N 1.12 0.62 1.22 0.25 0.17 0.35 
+ P 2.31... 0.62 1.92.. 0.32 0.14' 0.38 
- P 1.20 0.45 1.32 0.25 0.28 0.34 

*
 Imp. Var. 1.63 0.57 2.04 .. 0.27 0.20 0.39 

Loc. Var. 1.89 0.50 1.20 0.31 0.22 0.34 
Seed rate 

high 1.55 0.50 1.40" 0.23 0.18 0.28' 
low 1.96 0.56 1.84 0.34 0.23 0.44 

Interactions 
N- N+ 

NxS SL 0.31 0.81 
SH 0.59 0.42 

N- N+ 
NxP P- 1.01 1.39 * *•  1.34 1.30 * * • 0.20 0.35 *°* 

P+ 1.22 3.39 1.10 2.75 0.14 0.13 

1 tonne = 1000 kg. 
* Effect or interaction significant (P < 0.001). 

Effect or interaction significant (P<0.05). 
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Table 5. Main effects and interactions of weed control on cereal grain yield (tonne/ha) at six locations in northern Syria, 

1982183. 

Jindiress Kafr Antoon 

Main Effect + W 2.27* 2.09* 
- W 1.39 1.68 

SE ± 0.08 0.06 

Interaction-
W- W+ 

WxN N- 1.47 1.98"** 
N+ 1.32 2.56 

W- W+ 
WxS SL 

SH 

I tonne = 1000kg. 
Effect or interaction significant (P <0.001). 
Effect or interaction significant (P <0.05). 

observed at other locations. It was also reflected 
in the significant N x S interaction at Kafr 
Antoon. 

The results also suggest some interactions 
which should be studied further. Where Sinapis 
arvensis was the dominant weed, P application 
resulted in increased weed growth which sup-
pressed crop growth. However, at Ghrerife, 
where Neslia apiculata was the dominant 
species, P application resulted in large responses 
of barley growth which significantly depressed 
weed growth. In addition, at Tel Hadya there 
was a significant effect of cereal variety on weed 
growth. The local durum wheat, Hourani, 
competed more successfully with weeds than 
the improved variety, Sahl. This was reflected 
(although not significantly) in a W x V interac- 
tion on grain yield which indicated that with 
weed control, both varieties gave a similar per-
formance; but, without weed control, the local 
variety was superior. This observation has im-
portant implications on selecting improved 
varieties under optimum management condi
tions. 

Tel Hadya Breda Ghrerife Khanasser 

1.70"* 
1.09 
0.07 

0.83'** 
0.68 
0.03 

1.09"* 
0.96 
0.03 

0.980 
0.93 
0.02 

0.83 0.93* 
1.04 1.03 

The main effects and significant interactions 
of weed control on grain yield are presented in 
Table 5. There were significant responses to 
weed control at all six locations, the magnitude 
of the response decreasing from the wettest to 
the driest location. Comparison of data in 
Tables 4 and 5 indicates a positive relationship 
between the weed dry-matter production at 
anthesis, and the decline in grain yields in the 
absence of weed control. 

These results suggest that, particularly in 
wheat-growing areas, chemical weed control 
would be an economic and easy practice for 
farmers to adopt. However, it must be borne in 
mind that farmers who do not practice chemical 
weed control often harvest certain weed species 
for both human and animal consumption. This 
practice not only proviC.. s an economic return 
from weeds, but also constitutes a form of weed 
control. The economics and effectiveness of this 
practice should be evaluated relative to that of 
chemical weed control. 



Effect of improved variety. The main effects of 
improved variety on grain yield are summarized 
in Table 6. There were no significant interac-
tions between variety and other factors with 
regard to grain yield. 

At Ghrerife only did the improved variety 
give a significant increase in yield. At other 
locations, the improved variety yielded the 
same as the local or was even significantly 
poorer. 
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Effect of seeding rate. The main effects and in
teractions of seed rate on grain yields are 
presented in Table 7. At four of the six loca
tions, higher seed rates gave significantly im
proved yields, and similar (although not 
significant) trends were observed at the other 
two locations. In previous years, conflicting 
results have been obtained with reg-ird to seed 
rate. Because of season-to-season variation, and 
the possible interactions between seed rate, fer
tilizer, and weed control (Table 7), it would not 

Table 6. Main effects of improved variety on cereal grain yield (tonne/ha) at six locations in northern Syria, 1982/83. 

Jindiress Kafr Antoon Tel Hadya Breda Chrerife Khanasser 

Main Effect 
Imp. Var. 1.81 1.86 1.27". 0.68* 1.08* 0.97 
Loc. Var. 1.86 1.91 1.52 0.83 0.97 0.94 

SE ± 0.08 0.06 0.07 0.03 0.03 0.02 

1 tonne = 1000 kg. 

• Significant (P <0.001). 
Significant (P< 0.05). 

Table 7. Main effects and interactions of seed rate on grain yield (tonne/ha) at six locations in northern Syria, 1982/83. 

Jindiress Kafr Antoon Tel Hadya Breda Ghrerife Khanasser 

Main effect SH 2.00"** 1.97 1.41 0.80"* 1.08" 1.03'* 

SE ± 
SL 1.66 

0.08 
1.80 
0.06 

1.38 
0.07 

0.70 
0.03 

1.97 
0.03 

0.87 
0.02 

Interactions 

SL SH
 
SxN 	 N- 1.67 1.64* 

N+ 1.92 2.30 

SL SH
 
Sx P P- 0.84 0.94"* 

p+ 0.92 1.13 

SL SH 
SxW W- 0.83 1.04* 

W+ 0.93 1.03 

I tonne = 1000kg. 

* Effect or interaction significant (P <0.05). 

Effect or interaction significant (P< 0.01). 
• Effect or interaction significant (P < 0.001). 
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seem advisable to recommend to farmers to 
change from the commonly used 100 kg/ha to a 
lower seed rate. This is supported by the 
knowledge that germination percentages of 

farmers'seed are often appreciably lower than 
that of our experimental seed, implying viable 
seed rates of about 70-80 kg/ha, or possibly less. 

Conclusions 

Weed infestation was severe at the three wetter 
locations, Jindiress, Kafr Antoon, and Tel 
Hadya, and wheat was poorer than barley in 
competing with weeds. 

Based on these and previous observations, the 

following recommendations, subject to 

economic verification, could be made to 
farmers practicing rotations similar to those 

outlined in Table 1. 

Jindiress, Kafr Antoon (bread wheat). Weed 
control measures should be adopted. Nitrogen 

(100 kg/ha) and phosphorus fertilizer (60 kg/ha) 
should be applied in conjunction with weed 
control for larger yield responses. We would not 
recommend lower seed rates than those com-
monly used. 

Tel Hadya (durum wheat). Fertilizer responses 
at Tel Hadya have always contrasted with those 

obtained at other locations and, without further 

extensive testing, it is difficult to assess how 

representative the site really is in this respect. 
Nevertheless, we would recommend to farmers 

to adopt weed control measures, but would not 
recommend adoption of a lower seed rate or 

application of fertilizer, 

Breda, Ghrerife, Khanasser (barley). We would 

recommend the application of phosphate fer-

tilizer (45 kg P2 0 5 /ha) at all three locations, 
and at Breda and Ghrerife would recommend 

top-dressing with 20 kg N/ha. Weed control 
could provide economic returns. We would not 
recommend to farmers to adopt a lower seed 
rate. 

From the plot dsta, it is possible to present 
grain and straw yields representing those ob
tained by farmers growing the local variety at a 
standard seed rate and applying no fertilizer or 
weed control measures. These can be compared 
with the yields obtained with the recommended 
practice. Yield and economic data are presented 
in Tables 8 and 9. 

Table 8. Prices related to barley and wheat production in 

Aleppo Province, 1982/83 season. 

Price of durum wheat 1.25 SL/kg 
1.20 SL/kgPrice of bread wheat 

Price of barley 0.92 SL/kg
0.33 SL/kgPrice of cereal straw 

Transport (Rajad) cost 9.00 SL/bag 

Wheat threshing cost 17.50 SL/bag 

Barley threshing cost 14.00 SL/bag 

Price of superphosphate, 46%P 20 5 1250.00 SLIt 
Price of ammonium nitrate, 33 %N 870.00 SLIt 
Nitrogen application cost 5.00 SL/sack 
Bag cost 5.75 SL 
Barley bag weight 100 kg 

Wheat bag weight 120 kg 

Source: Market and farmer surveys by the FSP. 

For the risk-averse farmers, one way of 

assessing the acceptability of the recommended 
practices is to look at the marginal rate of return 
(increased revenue/additional costs). The 
returns on investments were high (between 2.2 

and 4.2) at Jindiress, Kafr Antoon, and Tel 

Hadya. In such areas, where the effect of 
season-to-season variation in climate is not like
ly to be as severe as that found in drier barley

growing areas, the recommended practices have 

a high likelihood of acceptance, and this is 

reflected by the fact that many farmers already 

use fertilizer and weed control measures. 



Table 9. Partial budget estimates of local and recommended practices at six locations in northern Syria, 19S2183. 

Jindiress Kafr Antoon Tel Hadya Breda Gherife Khanasser 

-- -- Bread Wheat ---- Durum Wheat ----------- Barley------------

Local Practice 
Grain (t/ha) 
Straw (t/ha) 

1.44 
2.35 

1.41 
2.16 

1.14 
2.44 

0.62 
0.52 

0.70 
0.85 

0.91 
0.79 

Recommended Practice 
Grain (t/ha) 
Straw (t/ha) 

3.55 
5.33 

2.81 
3.55 

2.03 
3.68 

1.20 
1.03 

1.44 
1.49 

1.26 
1.14 

Increased Yields 
Grain (t/ha) 
Straw (t/ha) 

2.11 
2.98 

1.40 
1.39 

0.89 
1.24 

0.58 
0.51 

0.74 
0.54 

0.3 
0.35 

Increased Revenue (SL/ha) 
Grain 
Straw 

Total 

2532.0 
983.4 

3515.4 

1680.0 
458.7 

2138.7 

1112.5 
409.2 

1521.7 

533.6 
168.3 
701.9 

680.8 
211.2 
892.0 

322.0 
115.5 
437.5 

Additional Costs (SLIha) 
P20 5 

N 
Nitrogen application 
Herbicide 
Herbicide application 
Transport (Rajad) 
Bagging 
Threshing 

Total 
Net Increase in Revenue (SL/ha) 
Rate of return = increased revenue/ 

additional costs 

163.0 
261.0 
30.0 
75.0 
34.0 

189.9 
101.1 
307.7 

1161.7 
2353.7 

3.03 

163.0 
261.0 

30.0 
75.0 
34.0 

126.0 
67.1 

204.2 
960.3 

1178.4 

2.23 

75.0 
34.0 
80.1 
42.6 

129.8 
361.5 

1160.2 

4.21 

122.3 
52.2 
6.0 

75.0 
34.0 
52.2 
33.4 
81.2 

456.3 
245.6 

1.54 

122.3 
52.2 
6.0 

75.0 
34.0 
66.6 
42.6 

103.6 
502.3 
389.7 

1.78 

122.3 

75.0 
34.0 
31.5 
20.1 
49.0 

331.9 
105.6 

1.32 

". 

1 tonne = 1000 kg. 
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The rates of return in the drier areas were 
smaller (1.8 to 1.3). In such areas, where 
drought years are more common, farmers may 
not accept the complete package. Responses to 
weed control were small, and the economic 
returns from harvesing weeds for animal andhuman consumption need to be evaluated. If 
weed control measures were not included in the 

weedconrolmeasreswer no incude inthe 
recommendations, rate of return values of 2.0, 
1.6, and 1.9 would be obtained for Breda,Ghreife an espetivlyweedKhaassr, 

Lastly, in ev'aluating the likelihood of accep-
tance of the recommended practices, it should 
be borne in mind that some of the costs included 

in the partial budget may not be as high as in-

dicated. 'econd-hand bags are often used and 
transport costs from fields close to the 
homestead could well be much less. In addition, 
if family labor undertakes some of the extra 
work, a higher proportion of the net benefit will 
remain within the family group. If a farmer and 
his family could expect such savings, they would 
be more inclined to accept the improved 
management techniques. 

Weed Control Research 

The basic objective of the weed control research 
on cereal crops is to study the effect of 
agronomic factors on weed infestation and 
productivity. Two pairs of trials were con-
ducted in 1982/83 at Tel Hadya. The first pair 
of trials, one on barley (ER/Apam) and the 
other on wheat (Sahl), compared the effect of 
methods of weed control, seed rate, and row 
spacing on grain production and weed infesta
tion. The major weed species in the b)arley trial 
were Sinapis arv,'nsis, Phalaris brac/histachs. 
and Vaccaria pyramidala. In the wheat trial, 
the major weeds, in addition to those in the 
barley trial, were Ceranium tuberosum and 
Euphorbiaspp. The second pair of experiments 
compared the effect of time of sowing and weed 

control on barley and wheat production and 
weed infestation. One was on wheat at Tel 
Hadya, and the other on barley in farmers' 
fields at Sfireh and Humaymeh in nothern 
Syria. 

Both trials in the first pair wvere conducted in 
a split-plot design in three replications. In each
trial there were three weed control treatments 
tra tee were heeweed c n trea 
(no weed control, handweeding, and chemicalcontrojl), three seed rates (30, 90, and 150
kg/ha), and three row spacings (10, 17.5, and 25 

cm). The results of these trials are summarized 
in Tables 10-12. In the barley trial the numbers 
of weeds (plants/m2) were counted, whereas in 
the wheat trial the total dry weight (kg/ha) of 
weeds was determined in each plot. Hand

weeded wheat plots contained some weeds, 
whereas handweeded barley plots were prac
tically free of weeds, reflecting the higher 
competitive ability of barley as compared to 
wheat. The herbicide for chemical weed control 
was bromoxynil plus MCPA (Brominal Plus), a 

broadleaf weed killer. 

A 
IX, 

:, ' 

", 
. -' 

Weed control: use of appropriate safety procedures is im

perative. 



Table 10. Effect of row spacing and weed control on grain yields (kg/ha) of cereal crops and weed infestation at Tel Hadva, 1982/83. 

No control Handweeding Herbicide 

Crop spacing 
(cm) 

Yield No. of 
weeds/m 2 

Yield No. of 

weeds/m 2 
Yield No. of 

weeds/r 

Barley 10 
17.5 

3845 
3476 

191 
122 

4312 
3928 

0a 

0 

4617 

3887 

66 

76 

25 3035 118 3605 0 3477 60 

Yield No. of weeds 

LSD (5%) for weed control: 595 29 

row spacing: 551 38 

Yield TD\V Yield TDW Yield TDW 

Wheat 10 1810 1595 2181 95 2172 383 

17.5 1537 922 1831 83 1731 439 

25 1394 1106 1642 122 1547 267 

LSD (517) weed control: 
Yield
334 

TDW
451 

row spacing: 96 39i 

a. Not counted: taken as zero. 
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Grain yields in both trials tended to increase 
with increasing seed rate ard -!creasing row 
spacing. The largest yields in b .i trials were 
recorded at a row spacing of 10 cm and a seed 
rate of 150 kg/ha in plots where weeds were 
controlled. 

Weed infestation in both trials tended to in-

crease with decreasing row spacing and 
decreasing seed rate, being highest in plots with 
a row spacing of 10 cm and a seed rate of 30 
kg/ha. 

Weed control significantly decreased the 

levels of weed infestation. In the barley trial, 

handweeding was significantly better than 
chemical weed control. In the wheat trial, the 
same trend was observed, but the difference was 
significant only at the lowest seed rate (Table 
11). 

Weed control tended to increase grain yields 
of wheat and barley at all seed rates and row 

spacings (Tables 10 and 11); the effect was most 
pronounced at lower seed rates and narrower 
row spacings, where weed infestation levels 
were highest (Table 12). There were no signifi
cant differences between handweeding and 
chemical weed control in their effect on grain 
yield. 

The effect of seed rate on yield was highest in 
unweeded plots. This was because higher seed 
rates also tended to suppress weed growth more 
than lower seed rates, a result which is also 

highlighted in the previous section (see Tables 
1-4). 

In the second pair of trials, early sowing 
(before the rains) increased the yields, but it also 
required more weed control. Late sowing (after 
the rains start) allowed weeds to be controlled 
by preplanting tillage operations, but yields 
were often substantially smaller than with early 
sowing. 

Table 11. Effect of seed rate and weed control on grain yields (kg/ha) and weed infestation ofcereal ceops at Tel Hadya, 1982/83. 

No control Handweeding HerbicideSeed 
Crop rate Yield No. of Yield No. of Yield No. of 

(kg/ha) weeds/in" weeds/m weeds/m 

0a
Barley 30 2603 180 3498 3408 89 
90 3616 127 3949 0 4215 61
 
150 4138 124 4395 0 4358 52
 

Yield No. of weeds
 
LSD (5 %)weed control: 437 29
 

seed rate: 241 32
 

Yield TDW Yield TDW Yield TDW 
Wheat 30 982 1978 1533 122 1355 578 

90 1783 1028 1961 99 1974 322 
150 1968 617 2159 89 2122 189 

Yield TDW
 
LSD (5%) weed control: 339 381
 

seed rate: 126 258
 

a. Not counted; taken as zero. 
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Table 12. Effect of row spacing and seed rate on grain yields (kg/ha) and weed infestation ofcereal crops at Tel Hadya, 1982/83 

Row spacing (cm) 

2510 	 17.5 

Crop Seed rate Yield No. of Yield No. of Yield No. of 

(kg/ha) weeds/m weeds/m weeds/mt 

Barley 	 30 3493 172 3147 120 2866 112
 

90 4372 130 3952 89 
 3454 64
 

4188 3796
150 4907 83 89 	 92
 

Yield No. of weeds
 

LSD (5%) row spacing: 374 50
 
seed rate: 241 46
 

Yield TDW Yield TDW Yield TDW 

1462 1250 883 1157 	 761
 
367
 

Wheat 	 30 1033 
90 2213 711 1828 361 1677 


150 2478 328 2022 
 200 1748 367
 

Yield TDW 

LSD (5%) row spacing: 117 	 309
 
2,58
seed rate: 	 126 

were poor and variable at both loca-
The trial with durum wheat (Sahl) was con- Yields 

tions and the results inconclusive (Table 13).
ducted in a split-plot design in three replica-

The effect of time of sowing on barley yields and 
tions, with two sowing dates (main plots) and 

The weed infestation at low-rainfall locations needs
five weed control treatments (sibplots). 


the trial were Sinapis further study.
major weed species 	 in 
arvensis, Phalaris 	 brachystachys, Vaccaria 

weed control onTable 13. Effect of time of sowing and 
yield (kg/ha) of barley in farmers' fields in northern Syria,pyraiidata,and "volunteerlentils. 
1982/83. 

Time of sowing had no significant effect on Location Treatment Time of Sowing 

yield, but weed control increased the yields of Early Late 

late-sown crops significantly. There were no 
752

significant differences between handweeding Sfireh No control 524 
Handweeded 1000 986 

and any of the herbicides used. 
Printazol 829 372 

LSD (5%)weed control : 12865timeofsowing :con-The trial with barley (ER/Apam) was 

dueted in farmers' fields at two comparatively Early Late
 

dry locations (about 250 mm/annum): Sfireh Humaymeh No control 506 516
 

and Humaymeh. The design of the trials was a Handweeded 785 1055
 

split-plot with two sowing dates (main plots) Printazol 766 754
 

and three weed control treatments (subplots), in LSD (5%)weed control : 230
 
time of sowing :


four replications at each location, 	 43 
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Component 2: Joint-Managed 
(Scientist and Farmer) Barley 
Trials at 3reda and Khanasser 

The trials reported in this section were con-
ducted on farmers' fields, and constitute the 
third stage in the FSR philosophy, namely, the 
stage at which improved technologies are tested 
under farmers' own management conditions. 

Our previous research under controlled con-
ditions at Breda and Khanasser indicated 
significant responses to phosphorus 
application.' These responses were 
demonstrated over three growing seasons and 
were particularly impressive in the drier areas. 
ICARDA's Cereal Improvement Program was 
also recommending Beecher barley as an im-
proved alternative to local varieties. Based on 
these factors, tests on farmers' fields in Breda 
(Zone 3) and Khanasser (Zone 4) were first 
conducted during the 1981/82 growing season. 
The experimental design was a 22 factorial (two 
varieties and two levels of phosphorus) with 
replications over different sites. 

During the 1982/83 crop year, trials were 
repeated in the same areas to evaluate the effect 
of variety (Beecher vs local Arabi Aswad) and 
phosphorus application. In addition, a fifth 
trial was included in which fiitrogen fertilizer 
was also added. The trials were conducted on 
eight farmers' holdings, four at Breda and four 
at Khanasser. 

The specific objectives of the trials are to (1) 
measure and compare the yield of local Arabi 
Aswad and Beecher varieties, (2) evaluate, and 
compare the effect of phosphorus application on 
the yields of both varieties, (3) evaluate the ef-

1. FSP Reseach Report 1982. Project I: the productivity of 

cereals. ICARDA. 

fect of nitrogen and phosphorus on the yield of 
Beecher barley and compare it with yields ob
tained with farmers' practices, and (4) deter

mine any constraints that would prevent the 
farmer from adopting the recommended prac
tices. 

The non-test factors were held at the farmers' 
levels. As last year, we provided the farmers 
with Beecher and phosphorus and nitrogen fer
tilizers, while they provided land (0.5 ha) and 
other inputs. In each village four sites of 0.5 ha 
each were selected to be representative of the 
different soil types of each zone. 

The plots were divided into five treatments of 
0.1 ha each: 

1. Arabi Aswad barley with farmers' normal 
practices (without fertilizer). 

2. 	 Beecher barley with farmers' normal 
practices (without fertilizer), 

3. 	Arabi Aswad barley with farmers' prac
tices plus 60 kg P20/ha applied at plan
ting, 

4. Beecher barley with farmers' practices plus 
60 kg P20 5/ha applied at planting, and 

5. Beecher barley with farmers' practices plus 
60 kg P20 5/ha and 30 kg N/ha (ammonium 
nitrate, 10 kg at planting and 20 kg top
dressed in spring). 

The plots were fallow in 1981/82 and 
managed by farmers according to their normal 
practices during the 1982/83 cropping season. 
All plots were cultivated in the spring of 1982 
either by disc plow or duck-foot cultivator (ex
cept one farmer, No. 4, in Khanasser, who 
plowed his field in the summer). In early 
November, the trial plots received one cultiva
tion before sowing. The seeds were broadcast by 
hand at a rate of 100 kg/ha. In Breda, covering 
was done by a duck-foot cultivator, while in 
Khanasser a tabbanwas used. 
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Samples of Arabi Aswad seeds used by each of 

the eight farmers were tested in the laboratory 

to determine the germination rate by sowing 

each sample in dishes (in three100 seeds of 
replicates) and counting the emerged plants. 
The germination rates of the local barley 

sampled in Khanasser were similar to those of 

Beecher (94%); seed samples from Breda were
slightly superior (96 %) toBeecher. 

The grain and straw yields of the trial plots 
With respect to varie-are reported in Table 14. 

ty, both grain and straw yields for Arabi Aswad 

were on average higher than for Beecher on all 

unfertilized plots except one, but the difference 
At Breda, withwas not statistically significant. 

phosphorus application, Beecher did better than 

Arabi Aswad but the converse was true at 
Khanasser. Again there was no statistical dif-
ference between the varieties due to the large 

degree of variability between sites. 

The phosphorus response was much more 

increased bydramatic. Beecher grain yields 

81% at Breda with phosphorus application and 

28% at Khanasser. Arabi Aswad yields increas-

ed 30% with phosphorus application at Breda 

and 58% at Khanasser. Straw yields exhibited 

similar large responses to phosphorus applica-
tion. Besides its effect on yield, phosphorus was 

to advance the maturity of bothobservedvarieties at both sites by 4-11 days. 

Finally, the results seemed to indicate that 

nitrogen application (in the N/P treatment) had 

a negative effect on grain yields and no effect on 
straw yields at both sites, There compared to the 
treatments with phosphorus alone. 

Through informal interviews, information 
was gathered from farmers about their reactions 

to the trials and the production constraints that 
might limit the adoption of the proposed 

technologies. The main issues raised by farmers 
in these interviews were: 
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1. Confusion among farmers in Khanasser with barley is the major cause of the problem 
between Beecher and a Canadian variety since it was observed that the insect was more 
(Sobargolan) that was grown in the area some widespread on such fields. 
years ago but discarded due to its poor feed 
quality. 7. Finally, with respect to growing con

tinuous barley, which is more widespread in 
2. Complaints of poor feed quality of Khanasser, farmers indicated that this rotation 

Beecher. Farmers claimed that the straw is is imposed on them by ihe small size of their 
tough even if it is chopped, and grain needs to land holding. 
be crushed before feeding it to animals. 

3. Expectation that Arabi Aswad would per- Project II: Nitrogen Fixa
form at least as well as Beecher in terms of grain P 
and straw yields. Farmers in Khanasser were tion, ucivty ndaro 
unanimous in their expectations to obtain Water Use of Grain and 
higher yields from Arabi Aswad. 

4. Higher prices for Arabi Aswad compared Forage Legumes in 
to Beecher for grain (15 %) and straw (20-25 %). Rainfed Mediterranean 

5. Availability of phosphorus fertilizer Environments 
through agricultural banks. (Fertilizer is not 
recommended by the Ministry of Agriculture 
and Agrarian Reform for Zones 3 and 4; Nitrogen deficiency is a widespread factor 
therefore, they would have to buy it in the open limiting crop productivity in North Africa and 
market at prices 20-25% higher). Farmers in West Asia. Nitrogen fixed biologically by grain 
Khanasser also indicated that because of the and forage legume crops is one important way 
high probability of a poor cropping year they in which nitrogen available for crop growfh zcan 
cannot afford to run the risk of higher financial be increased. Previous research at ICARDA has 
losses by applying fertilizer. shown that there is considerable scope for the 

improvement of legume crop productivity, so 
6. With respect to weeds and pests, farmers there is a strong emphasis in the FSP on increas

in Khanasser explained that by planting early in ing symbiotic nitrogen fixation by better 
the season, weeds are crowded out by barley agronomic management of the crop and 
plants which germinate v'ery quickly after the utilization of improved Rhizobium spp. in
first rain. The land is seldom fallowed in that oculants. 
area and the soil is relatively clean and can easi
ly be weeded by hand if necessary. They wor- Our work on examining the interactions 
ried however about a red round scale insect between crop management, crop productivity, 
(Porphyrophoratritici Bod) which attacked the and biological nitrogen fixation continued dur
roots of the p!ant and may cause up to 60% ing 1982/83 and again demonstrated large 
losses in barley yields. They explained that this potential increases in nitrogen fixation from 
pest is more of a problem in bad years when the improved management. This work will be ex
plants are weak. It is likely that monocropping panded in 1983/84 to examine the main effects 



21 

and interactions of the various components of 
the improved management. A full report of the 
first 2 years' research (1981/82, 1982/83) will be 
produced in 1984. 

Considerable research on weed control in 

legumes was undertaken, with special reference 
to Orobanche sp., with promising results. In 

addition, our economists cooperated with the 
Food Legume Improvement Program in on-

farm trials with chickpea and lentil in Syria, 
and in research in the Nile Valley Project in 
Egypt and Sudan. This cooperative work is 

reported by the Food Legume Crop Improve-
ment Program. 

Component 1: Microbial Studies 

Testing of Rhizobiuin spp. Culture 

A priority of the microbiology !.ection in 

1982/83 was to resuscitate the entire Rltizobium 

spp. collection which consisted of 432 in

dividual culiures, the majority of which had 
been stored on agar slopes for over 18 months. 
Each culture was tested for viability, purity, 
and its ability to form effecti'e nodules in 
association with its specific ho:t s'mbiont. 
Although time-consuming, this exercise was 
necessary to maintain an adequate Rhizobium 
spp. culture collection as a resource base for 
ICARDA and other research establishments .n 
the region. 

Any culture collection is of limited value 
unless each strain within the collection can be 
identified. Two methods are being used to 
identify strains with respect to field competition 
and effective nodulation: intrinsic antibiotic 
resistance (IAR) and Elisa serological typing 
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(Enzyme-linked immunosorber.t assay). 
Facilities for Elisa methodologies are not yet 
available at the Center. However, ar
rangements have been made with the Max 
Planck Institute, Cologne, West Germany to 
have a limited number of isolates typed by the 
Elisa technique at no cost to ICARDA. 

Rhizobium spp. Inoculant Carrier 

Previously, ICARDA purchased peat for in
oculant production from Australian sources. In 
1982/83, an acceptable source of peat was found 
in Turkey. 

Although peat is a universally accepted car
able to sustainrier, not all forms of peat are 

growth and/or viability of rhizobia. The peat 
from Turkey maintains numbers of rhizobia 

under proper storage conditions for an accept

able period (Table 15). Although the pH values 
were high, the carrier material was deemed 

suitable for use as the values corresponded well
wvith those of the soilsutnder investigation. 

General Soil Microbiology 

The microbiology of rhizobia cannot be 
separated from general soil microbiology since 
the rhizobia not only interact with other 
bacteria in the soils but are also exposed to the 
same selection pressures. Therefore, knowledge 
of the numbei's and metabolic diversity of the 
general soil bacterial population is useful. 

Counts were made from Janury to June at 
three sites: Tel Hadya, Breda, and Khanasser. 
The numbers of aerobic heterotrophic 
organisms were reasonably uniform in fallow 
fields (Fig. 1). These values were one to two 
orders of magnitude lower than the norm 
known for fertile soils. In addition, preliminary 
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Table 15. Rhizobiimn spp. inoculum viability in a peat acquired from Turkey. 

Sample time 

(Weeks) CoarseI 

0 29.2 
1 25.3 
2 20.4 
3 29.2 
4 28.8 
5 23.2 
6 25.0 
7 28.4 
8 26.0 
9 24.8 

10 29.4 


1. Peat was ground using two sieves. 
Coarse = 2 mm diameter, Fine = 0.5 mm diameter. 

testing of the metabolic diversity of these 
mesophylic, heterotrophic populations in-
dicated a narrow range of activity (Fig. 2); the 

greater percentage of the isolates utilized only 
!he six most readily available carbon sources. 
The lack of organisms abe to produce H2 S was 
expected, given the state of the soils in those 
area locations. (This activity is usually 
associated with low redox potentials and 
bacteria associated with the anaerobic decom
position of organic matter). 

Further testing is necessary to confirm this 
narrow range of metabolic activity. Lack of 
diversity may be a partial explanation of the 
decreasing yields observed on monoculture 

barley fields, since it can give rise to a condition 

referred to as soil sickness, which is brought 
about by the continual selection of metabolical-
lv similar organisms. Thus, lack of diversity can 

lead to incomplete degradation of root exudates 
and/or dead root systems which results in abuild-up of products detrimental to general 

crop vigor. 

Rhizobium leguminosarun number/g 

of peat. All counts are x 107 

pH Fine I pH 

8.20 22.2 7.90 
8.25 24.6 7.94 
8.31 25.0 8.05 
8.21 22.2 7.92 
8.03 20.6 8.07 
7.98 22.7 8.03 
7.98 27.6 7.96 
8.20 25.7 8.09 
8.06 28.0 8.15 
8.03 26.1 8.03 
8.14 29.8 8.19 

1 

- --- ,.=--Tel Hadya 

"L0 Breda 
I * Khanasser 

2 

< *:• \ 
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. \ ,." *S 
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. - . . 
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Fig. 1. A comparison of colony-forming units (CFU) of 
aerobic heterotroph populations in fallow fields at Tel 
Hadya, Breda, and Khanasser, 1982183. 
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Khanasser, and Tel Hadya soils, 1982183. 
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Many natural biological systems are limited 

by a lack of nitrogen. But the soils in Khanasser 
were carbon limited (Fig. 3). Laboratory 
studies showed an immediate response of 
microbial numbers, including free-living 
nitrogen fixers, to a readily available carbon 
source. The free-living nitrogen fixers respond-
ed less in those soils to wvhich both carbon and 
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Fig. 3. Effect of various soil amendments on colony
forming units (CFU) and ethylene production activity with 
time in soils from Khanasser, 1982183. 
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nitrogen were added than in those with carbon 
alone, probably due to the inhibition of the 

nitrogenase enzyme system in the presence of 

available nitrogen. 

So far, we have found carbon to be limiting in 

soils only at Khanasser. Nevertheless, we believe 

that it may be so at other locations too, since soil 
organic-matter content is reasonably uniform 

(approximately 0.5%) at all sites. 

Naturalized Rhizobium spp. 
Populations 

A survey to monitor the populations of 
naturalized Rhizobium spp. will be a continu-
ing activity of the microbiology unit to deter-
mine temporal and spatial fluctuations in 
populations. 

Most Probable Number (MPN) estimates 
were made using two methods to assess nodula-

tion (a visual rating and measurement of 

ethylene production of those plants appearing to 

be nodulated). Different host plant species 
(e.g., faba beans, vetch, lentils, and peas) were 

used to enumerate Rhizobium leguminosaruni 
(Figs. 4, 5, 6). 

The numbers of R. leguminosarum which 
nodulated vetch were constant with time at the 

three locations sampled and were generally 
between 100 and 400/g wet weight of soil (Fig. 
4). For lentils, the numbers were initially about 
the same at each location (25 - 50/g), but over 
time they increased sharply (up to 600 at Breda 
and Khanasser and 1500 at Tel Hadya). Fig. 5 
shows the pattern for the same organism when 
peas were the host plant. Similar to lentils, the 
numbers at Tel Hadya increased to approx-

- Visual Ethylene 
rating production 
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probable number (MPN) estimates ofFig. 4. Most 
Rhizobium leguminosarum using vetch and lentils as host 
symbionts and two methods to assess nodulation: 1. visual 

rating, 2. ethylene production. Vertical bars represent 95 % 

confidence limits. 

imately 2000/g; whereas those at Breda re
mained constant at about 300/g. Uninoculated 
and inoculated soils were used to determine 
specific organisms for faba- beans. Results (Fig. 
5) show that R. leguminosarum numbers were 
initially low in the uninoculated plots but in
creased over time to as many as in the in
oculated soils. 
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Visual Ethylene Chickpea (Rhizobium cicer) 

rating production 
1500Pisum 
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Rhizobium Icguminosarum specific for Pisum sp. at Tel N' c c' - ,- ,-

Hadya and Breda and for Vicia Jaba at Tel Hadya, Sample date 

1982/83. Vertical bars represent 95 % confidence limits. Medic (Rhizobium me/iloti) 

of the survey indicate some 125 
The results 

specificity in R. legumzinosaritil strains in- 1W0

digenous to Breda, Khanasser, and Tel Hadya 75- Tel Hadya Brda 

soils. This is evident by fewer being initially . 1 
specific for lentil and faba bean than for pea 50- 1 

and vetch. In addition, the strains displayed 25

different growth characteristics across loca
,._.tions. Vetch numbers appeared uniform over 0 


time at all locations, lentil increased over time 2 < <
 
00 tOW ' 03 0 00 

at all locations, and pea increased over time at - Sample date 
Tel Hadva. Although the lentil-specific strain 

increased at all locations, at Khanasser the in- - ail prodcthnrating production 

crease became evident approximately one 

month later than those at Breda and Tel Hadya. Fig. 6. Most probable number (MPN) estimates of 
Rhizobium cicer and R. meiloti at different locations, 

Soil samples from Rhizobium spp.-inoculated 1982/83. Two methods of observation of nodules were used: 

plots showed that Tel Hadya soils could support 1. visual rating, and 2. ethylene production. Vertical bars 

represent 95% confidence limits.cicer after introduction buta population of R. 

soils of Breda and Khanasser could not (Fig. 6).
 
R. meliloti, the organism associated with Aithough the 95% confidence limits in Figs. 

medics, appeared not to be adapted to local 4-6 indicate that our two methods measured the 

environmental conditions. same population, the possibility of two popula
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tions with different genotypic makeup cannot Field Measures of Nitrogenase Activity 
be ruled out. Visual assessment of nodulation 
will be influenced by the entire nodulating Estimates of nitrogenase enzyme activity, using 
population, whether or not these are nitrogen the ethylene production technique were under
fixers, whereas the ethylene production assay taken on a number of agronomy trials. Ethylene 
measures only the nitrogen fixing portion of the production values were measured in vetch and 
population. 

Our major selection parameter is 
temperature. Reports are available in the 
literature on the effect of temperature on .. .'.. 
Rhizobium spp. In the laboratory, Rhizobium" ' 
spp. do not survive temperatures exceeding 
45°C,and survivors over 35'C regularly display 
different phenotypic expression apparently due 
to the spontaneous loss or alteration of plasmids 
associated with nodulation and fixation. 

Soil temperatures at Tel Htadya (measured 
daily at 1300 hr on bare soil previously planted Quantifying symbiotic nitrogen fixation by ethylene' 

to chickpea) are at times higher in the top 5 cm production method. 
(Table 16) than those quoted in the literature as 
lethal to Rhizobium spp. Also, temperatures in pea and in barley/vetch and barley/pea mix
the 5-10 and 10-15 cm levels reach values thzt tures at two locations (Tel Hadya and Breda). 
could suppress the nitrogen-fixing capacity tf As expected, the monitored enzyme activities of 
rhizobia. Indeed, these temperatures select for the legumes were different (Fig. 7). Pea showed 
survivors only, which may not necessarily have much greater ethylene production activity in 
the highest potential to fix nitrogen. pure and mixed stands at Tel Hadya and Breda. 

Table 16. Mean soil temperatures (°C) at three depths' at Tel Hadya, summer 1983. 

Working 5 cm 10 cm 15 cm 

Week Mean Min. Max. Mean Min. Max. Mean Min. Max. 

17-21 July 49.2 47 51 42.0 37 44 37.0 33 39 
24-28 July 49.2 47 50 40.8 39 44 35.2 34 38 
31 July - 4 Aug 47.2 46 48 39.4 38 40 34.2 32 36 
7-11 Aug "42.8 41 44 38.2 36 40 33.0 31 35 
14-18 Aug 41.8 40 46 36.2 35 38 32.6 30 35 
21-25 Aug 42.2 40 44 35.8 34 38 33.2 31 36 
28 Aug - I Sept 42.8 40 46 36.8 32 39 32.4 29 34 
4-8 Sept 45.2 41 47 35.6 33 38 31.0 30 32 
11-15 Sept 42.6 39 46 32.6 31 35 30.8 27 33 

1. Temperatures were taken at three depths, 5 cm, 10 cm, and 15 cm at 1300 hr, 5 days a week (Sunday to Thursday) on bare 
soil which was previously planted tc chickpeas. 
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Fig. 7. A comparison of ethylene production values in 

mixed cereal/legume and pure legume stands at Tel Hadya 
and Breda, 1982/83. 

Location differences were also largest with pea 
in pure and mixed 

ethylene production 
Amol/ml/plant/hr for 

respectively, at Tel 

stands. The maximum 

values were 3.1 and 1.5 
pure and mixed stands, 

Hadya and 1.3 and 1.0 
Asmol/ml/plant/hr at Breda. Asimilar pattern of 
production was found for vetch, with maximum 
values at Tel Hadya reaching 0.81 and 0.72 
/tmol/ml/plant/hr for pure and mixed stands, 
respectively, and 0.56 and 0.48 

limol/ml/plant/hr for pure and mixed stands at 
Breda. 
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Fig. 8. A comparison of mean plant dry weights and 
ethylene production values with time for vetcb and peas 
planted in a banpy mixture and pure stand at two locations, 
Breda and Tel Hadya, 1982/83 (BiV=barley/vetch, 

B/P harley/pea, V= pure vetch, pure barley). 

The maximum e.Azyme activity was 2 weeks 
earlier at Breda than at Tel Hadya (Fig. 7), for 
inexplicable reasons. There were no observable 

plant differences at the two sites and, indeed, 
early flowering occurred during 29 March to 4 
April at both sites. We expected a decrease in 

activity during early to mid-flowering, but this 

was apparent only at Tel Hadya. 
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If the areas under the ethylene production 
curves in Fig. 7 are compared and those for Tel 
Hadya are set at 100%, the values at Breda 
were only 79 % of those at Tel Hadya for a pure 
stand of peas, 59% for a barley/pea mixture, 
64 % for pure vetch, and 88 % for a barley/vetch 
mixture. The 20% difference between mixed 
barley/pea and pure pea stands at Breda was 
unexpected since the values for the two systems 
at Tel Iladya were within 1 % of each other. In 
contrast, the ethylene production from vetch in 
a barley/vetch mixture was 24 % greater than in 
pure stand. An explanation of these differences 
is not readily apparent. 

Fig. 8 compares legume dry weight and 
ethylene production over time at the two sites. 
The greater portion of plant dry weight ac-
cumulated after the date of maximum 
monitored values of ethylene production (see 
also Table 17). The final dry-matter production 
in these legumes appears to be dependent ' a 
large extent on soil nitrogen. Thus, it seems 

possible that with the selection of more efficient 
Rhizobium spp. strains and better adapted 
cultivars monitored enzyme activity can be 
maintained longer. 

Conclusions 

1. Selecting Rhizobium spp. strains for 
specific crops and specific locations is a priority. 
The two methods of identifying strains (IAR 
and Elisa) will be utilized in this selection pro
cess. 

2. 	 Reliance upon naturalized Rhizobium spp. 
populations for nodulation and fixation is un
satisfactory since they have been naturally 
selected for survivors and not necessarily for 
good or even adequate nitrogen-fixing ability. 

3. Efforts should be made to increase soil 
organic matter and hence available carbon 
sources for microbial growth. 

Table 17. Percent of total plant dry weight added after the onset of decline ofethylene production capability at Breda and Tel 
Hadya, 1983. 

Site Crop 
Seeding 
practice DateI 

Percent 
plant dry wt 2 . 

Breda Vetch Pure stand 23 Mar 63 
Vetch Barley/Vetch 23 Mar 57 

mixture 
Breda Peas Pure stand 23 Mar 89a(67) 

Peas Barley/Pea 23 Mar 83 
mixture 

Tel Hadya Vetch Pure stand 29 Mar 80 
Vetch Barley/Vetch 24 Apr 86 

mixture 
Tel Hadya Peas Pure stand 4 Apr 57a(44) 

Peas Barley/Pea 29 Mar 81a (65) 
mixture 

1. Date of maximum C2H4 production. 
2. 	 Percent plant dry weight accumulated after the start of decline of C2H4 production. 
a. 	 C2H4 production values did not decrease drastically until after the followings sample date. Figures in parentheses indicate 

dry weight accumulation evident after the rapid decline of enzyme activity. 
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4. Through changes in cultivar genotypes and 
inoculum quality, it is necessary to extend the 
duration of monitored nitrogenase enzyme ac-
tivity in order to decrease the apparent 
dependence of the crops on soil nitrogen for 
dry-matter production. 

5. Environmental studies will be undertaken 
to identify those parameters which have the 
greatest positive or negative impacts on the 
microbe/plant nitrogen-fixing system. 

6. Ethylene production values need to be 
calibrated against 15 N values. Further reports 
on nitrogen fixation studies can be found in the 
chapters on the Food Legume Improvement 
Program and the Pasture and Forage Im-
provement Program. 

Project III: Crop Produc-
tivity and Profitability 
within Rotation Systems 

In Project III we are focusing on the com
ponents of existing systems, improving these 

components, or even changing the rotations 

themselves, 

In 1982/83, we were involved in the five 

components of research indicated below: 

Component 1. Rotation trials at two dryland 

barley-growing locations in northern Syria, 
Khanasser (220 mm), and Breda (275 mm): 

These trials examine the long-term effect of crop 

performance and soil conditions in commonly 

Crop Rotation Systems 

employed crop rotations (barley-barley, 
barley-fallow), and contrast these with possible 
alternative rotations in whiclh either a forage or 
food legume is introduced to tie system. Special 
emphasis is laid on the monagement of 
phosphate fertilizer in these rotations. They 
were established in 1980/81, and initial results 
have been reported in previous annual reports. 
During the 1981/82 and 1982/83 seasons, 
detailed crop, soil-moisture, and soil-nutrient 
studies have been made in these trials and the 
results will be reported in full as part of a Ph.D. 
study. Interim and detailed reports on this work 
are available from FSP. 

Component 2. In 1982/83 we established two 
additional rotation trials, one at Tel Hadya and 
one at Breda on two-course barley rotations, 
with special emphasis on the inclusion of forage 
legumes, vetch, and peas. Fertilizer manage
ment is again an integral part of these trials, but 

additional attention ispaid to the effect of in
cluding the forage legume either as a pure 
stand, or as a legume/cereal mixture. Method of 

harvesting (hand pulling vs cutting) is also in
vestigated. Interesting results were obtained in 

the first year of this trial and will be reported 
later as rotational effects become t.tablished. 

In this annual report, we focus our attention 
on the three components listed belnw which are 

either new fields of research (components 3 and 
5) or are reported for the first time in FSP (i.e., 
component 4). Component 4 is a well 

established rotation trial at Tel Hadya 
(1978/79), but is of special interest for two 

reasons: first, it examines the effect of weeds, 
weed control measures, and contrasting tillage 

techniques within a two-course wheat-lentil 
rotation, and second, the impact of these con

trasting treatments on soil moisture dynamics 
was investigated for the first time in 1982/83. 
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Component 3: Resource 
Management in Low-Rainfall 

Areas: The Problem 

The dry cultivated areas of Syria receiving less 
than 350 mm of average annual rainfall are 
undergoing rapid deterioration 1 . Although they 
are an important component of Syiia's 
agricultural sector 2, these areas are currently 
ignored by agricultural development policies 
which concentrate primarily on the higher 
rainfall and irrigated areas. For example, 
modern inputs which are government controll
ed are only distributed in the wetter areas. 
While the agricultural production is not fully 
exploited in these wetter areas, and this justifies 
the present orientation of development efforts, 
the de,'adation process in the dijer areas, if it 
continu :s, will clearly jeopardize agriculture's 
future. This in turn could substantially reduce 
the beneficial effect of efforts undertaken in the 
more productive wetter area. Considering 
Syria's rapid population growth, the dry 
cultivated areas represent a potential which 
ought to be preserved, 

The rapid degradation of the resource base is 
an essential component of the problem faced in 
the dry areas. Mismanagement of the available 
natural resources has led, in particular, to a loss 
of soil fertility, decline in production of grazing 
areas and, in some cases, exhaustion of 
underground water supplies. The resulting drop 
in agricultural productivity of these areas has 
implications in terms of methods and techniques 
for agricultural development. Approaches 

1. Jaubert, R. 1983. Sedentary Agriculture in the Dry Areas 
of Syria. Development Probiems and Implications for 

ICARDA. Preliminary Report, FSP, ICARDA. Final report 

in preparation. 
2. The dry cultivated areas represent about 25% of Syria's 

total area, 50 % of the cultivated area, and 25 % of the rural 

population. 

aimed at increasing the productivity of a given 
commodity or component of the system and the 
transfer of techniques developed in more 
favorable environments need to be considered 
with caution since they could increase the pre
sent disequilibrium. Ii, order to restore the 
agroecological equilibrium there is a need to 
consider and study the resource base as a whole, 
analyze the present management, and deter
mine the potential of the available resources. 
This is a precondition to defining technical 
changes adapted to the area. 

Present Management and Potential of 
the Available Resources 

Agriculture in dry areas is a 'mining' activity 
generally, as no efforts are made to maintain the 
agricultural potential. In most cases, no inputs 
(fertilizer or manure) are added to cultivated 
lands, while most of the biomass produced is 
removed (straw and grain). Similarly, un
cultivated areas are subjected to heavy and un
controlled grazing. Consequently the on-going 
degradation of environmental resources is not 
surprising. 

Intensive cultivation has expanded over the 
past 30 years only,to the detriment of the steppe. 
In many respects farmers are still using exten
sive management practices which are not suited 
to the type of farming that has recently been 
developed. This is particularly true with respect 
to livestock production. In most mixed farming 
systems, animals play an important role in 
terms of resource management. However, in the 
study area, flock management clearly conflicts 
with the management of both cultivated and 
uncultivated areas. The large gap between pre

sent and desired practices of animal manage
ment indicates a wide scope for improvements. 
Better management of the available resources 
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would not only contribute to stabilizing the These examples show that several com

farming systems but would also increase pro- ponents of the farming systems could probably 
be improved by appropriate management. Theyductivity. For example, areas which cannet be 

cultivated are used for grazing flocks (in the also emphasize that stabilizing the farming 

these marginal will of complementarywestern part of 	the study area systems require a set 

about 30% changes affecting several linked components ofareas represent of the total area). 
These grazing lands are degraded and are facing the systems. In this respect livestock is a key 

erosion, but they could be improved by ap- component, and animals are studied with 
respect to their direct and indirect role inpropriate management. 
resource management rather than only in rela

tionship to crop utilization. 
The low input of organic matter is a central 

component in the loss of soil fertility. A few The diagnostic research in 1982/83 has given 
farmers apply manure in rainfed crops and this us a better understanding of the magnitude of 
illustrates the potential for livestock to con- the problem and pointed to areas in which the 
tribute to the maintenance of soil fertility. In system could be improved. Research in 1983/84 
1982/83, a three-fold increase in yields of barley will aim toward developing techniques for 
was observed in farmers' fields resulting from preventing further degradation of the resource 
several years of application of sheep manure by base. 
the farmer. Information collected in Aleppo 
Province indicates that sheep could make a 
significant contribution to maintaining soil fer- Component 4: Effect of Tillage, 
tility if flock management techniques were Fertilizer, and Weed Control in a 
modified. 

Two-Course Rotation at Tel 

Many villages have irrigated lands. Altho ;h Hadya 
limited in area, they are an important compo
nent of farming systems. It is likely that the Atwo-course lentil-wheat rotation was begun at 

Tel Hadya in the 1978/79 season with the obavailable underground water could be more ef-
jective of studying the effect of different tillageficiently used than it is at present. In addition, 

on sloping land runoff water represents a systems, weed control methods, and levels of 

fertilization on crop yields and weed flora. Apotential water supply which is usually lost to 

the system. split-split-plot design was selected; the main 
factors (tillage systems) included: 

Forage research in the Pasture and Forage 1. Conventional tillage early: plowing, har-

Improvement Program is important. Annual rowing, fertilizing, and sowing before 
and perennial forage crops are likely to be im- rain, 
portant components in stabilizing the farming 2. Conventional tillage middle: plowing 

systems. Forage crops have a positive effect on before rain, harrowing, fertilizing, and 

soil fertility; they are also important for grazing sowing after rain, 
lands by providing an alternative source of feed 
which would help prevent the overgrazing 3. Conventional tillage late: all cultural 

which is currently practiced. practices were done after rain, 
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4. 	 Zero tillage early: direct drilling before 
rain, and 

5. 	Zero tillage middle: direct drilling after 
rain. 

Five different weed control methods were 
superimposed on each tillage system: 

1. No control (no weeding) 
2. 	One handweeding 
3. 	 Two handweedings 
4. 	 Broadleaf herbicide 
5. 	 Broad-spectrum herbicide 

Two fertilizer treatments were superimposed 
on each weed control method: 

1. Fertilized 
2. 	Unfertilized 

In the 1982/83 season, soil moisture 
measurements were made on selected 
treatments. Conventional tillage early and zero 
tillage with early planting were selected as main 
treatments; weedy and weed-free as sub-
treatments; fertilizer vs no fertilizer as a sub-
subtreatment. 

The soil of the experimental plot has been 
classified as a Vertic (calcic) Luvisol with a pH 
of 8-8.5, organic matter 0.9-1 %, and EC (elec-
trical conductivity) 0.62-1.48 mmhos. The soil 
depth was greater than 2 m except in small spots 
where it was around 80 cm. Lentils were seeded 
with an Amazone planter on 25 Oct 1982 at a 
seed rate of 100 kg/ha. Fertilizers weie broad
casted before sowing at the rate of 60 kg 
P20 5/ha plus 20 kg N/ha. Harvesting was by 
hand from 12 to 16 May. 

Throughout the season, moisture status in the 
soil profile was monitored using the neutron-
probe technique. Other data collected included 
grain yield, dry weight of lentil plants (at the 

time of weeding), and dry weight of broadleaf 
and grass weeds. Meteorological variables, in
cluding air temperatures, Class A pan evapora
tion (E0), and precipitation (P) were recorded 
weekly. Evapotranspiration (ET) for a given 
time period was determined according to the 
equation: ET = A m + P - R - D 
where A m is the change in total moisture stored 

in 0-180 cm. R (runoff) and D (drainage below 

180-cm depth) did not occur in this trial and 

thus were ignored in computing ET. 

Climatic Variables 

Fig. 9 shows weekly precipitation, evaporation, 
and mean air temperature in the 1982/83 season 
and indicates trends typical of the low-altitude 
Mediterranean climate. The rainy season 
started in early November. Emergence of lentil 
plants occurred in the last 10 days of November. 
The distribution of rain was favorable during 
the growth season. Atypically low air 
temperatures were experienced during the 
growth period (December to mid-March), with. 
33 frost days. The minimum temperature was 
-9.8°C in January. From the second half of 
March onward, air temperatures and E0 values 
rose rapidly, and rainfall frequencies and 
amounts decreased. These typical patterns of 
climatic variation are also reflected in the 
changes observed in the soil-moisture status 
(Table 21); this will be discussed in more detail 
later. 

Agronomic Studies 

Effect of tillage, weed control, and fertilizer on 
weed number. Soil preparation in conventional 
tillage systems reduced the number of weeds 
(broadleaf plus grass weeds) by more than 50% 
compared with zero-tillage treatments (Table 
18). Among conventional tillage systems, the 

http:0.62-1.48
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Fig. 9. Seasonal variation in precipitation, air temperature, and evaporation at Tel Hadya, 1982/83. 

Table 18. Effect of different tillage systems, broadleaf and grass weed control methods, and levels of fertilization on the 
number of weeds (plants/rn2 ) at Tel Hadya, 1982/83. 

Broad- Broad-
One Two leaf spectrum 

Control weeding weedings herbicide herbicide 

Conventional Fert. 736 171 66 143 124 
T. early Unfert. 539 180 144 193 128 

Conventional Fert. 434 146 61 60 40 
T. middle Unfert. 275 141 52 49 32 

Conventional Fert. 831 104 45 28 35 
T. late Unfert. 233 75 69 22 24 

Zero tillage Fert. 1306 311 108 774 942 
early Unfert. 2278 419 165 442 390 

Zero tillage Fert. 2666 590 190 433 841 
middle Unfert. 1472 498 157 319 464 

LSD (5T%): Tillage systems 476 

Fert. levels 170 
Fert. levels at the same level of tillage system 380 
Tillage systems at the same level of fert. level 718 
Weed control (WC) (Methods) 194 

Weed control (WVC) at the same level of tillage system 434 
Tillage systems at the same level of method 612 tC 
Weed control method at the same level of late 274 2ert. 
Fert. late at the same level of method 298 4C 
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differences in the number 6 weeds were not 
significant. The number of wild mustard plants 
(the common broadleaf weed in the area) was 
significantly smaller in the zero tillage (early 
and middle planting) compared with the con-
ventional (early and middle planting). The 
distribution of the numbers of the two most 
common grasses, wild oat and canary grass, 
showed the strong effect of date of sowing 
regardless of the kind of tillage systems. The 
number of wild oat plants was highest in the 
early date of sowing, but declined sharply in the 
middle and late dates of sowing. The number of 
canary griass plants was highest in the conven-
tional tillage (late planting) and in the zero 
tillage (middle date). 

Handweeding or applying herbicides 
significantly reduced the number of weeds in-
eluding wild mustard, wild oat, and canary 
grass plants compared with the weedy control. 

Applying the broadleaf herbicide Brometryne 
significantly reduced the number of wild 
mustard plants and the grass killer Bronamid 
had a similar effect on wild oat and canary grass 
plants. 

Adding fertilizers did not result in any 
significant increase in the number of weedsmustardoand 

(wild mustard, wild oat, or canary grass). 


Effect of tillage, weed control, and fertilizer on 
weed dry weight. Delayed soil operations in the 
conventional tillage s~Vstem did not result in a 
significant reduction in the total dry weight of 
weeds (Table 19). 

Early soil preparation, conventional tillage 
early, encouraged the growth of grass weeds but 
reduced the numbers of broadleaf weeds. In 
contrast, in the conventional tillage middle 

treatment the growth of grasses was reduced 
more than the growth of broadleaf weeds. 

Nevertheless, the soil operations in the con
ventional tillage treatments reduced the total 
weight of weeds to half that of the zero tillage. 
The growth of broadleaf weeds in the zero 
tillage late was more vigorous than of grasses, 
whereas the growth of broadleaf and grass 
weeds was equal in the zero tillage early plan
ting. 

Controlling weeds by hand or by applying 
herbicides significantly reduced the total dry 
weight of weeds (Table 19). Handweeding 
twice was most effective for controlling weeds. 

Applying the broadleaf herbicide Brometryne 

alone or in combination with the grass killer 

Bronamid was more effective than one hand
weeding. Adding nitrogen and phosphorus fer

tilizers resulted in a significant increase in total 

dryweight of weeds (Table 19). 

The dry weight of broadleaf weeds in the 
fertilized treatments was about 20 % more than 
that in the unfertilized treatments. 

Effect of tillage, weed control, and fertilizer on 
lentil yield. Among the conventional tillage 
systems, early plowing and seedbed preparationsystems pwowin seere preparations) 
resulted in a slight increase in the grain yield 

(Table 20) and dry matter of lentils. Zero tillage 
with early planting gave as large yields as con
ventional tillage practices. Severe reduction in 
lentil yields was observed with zero tillage and 
late planting. This was due to shallow seed 
placement during sowing in relatively wet soil 
which exposed the seeds to the direct effect of 
frost an6 bird attack during the early stages of 
plant growth. The conventional tillage and zero 
tillage with early planting gave almost the same 
grain yield, dry matter, and number of lentil 
plants. 
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Table 19. Effect of different tillage systems, weed control methods, and levels of fertilization on the total dry weight of weeds 

(gim')at Tel Hadya, 1982/83. 

Broad-	 Broad-
One 	 Two leaf spectrum 

Control 	 weeding weedings herbicide herbicide 

4 	 37 29Conventional Fert. 	 108 54 

T. early Unfert. 	 68 24 7 16 10 

Conventional Fert. 	 161 77 9 29 20 

T. middle Unfert. 	 26 12 4 6 4 

Conventional Fert. 	 168 49 4 6 13 

T. late Unfert. 	 20 6 1 1 1 

Zero tillage Fert. 172 66 14 86 94 

early Unfert. 158 28 9 39 35 

Zero tillage Fert. 205 85 31 76 76 

rmiddle Unfert. 52 28 10 33 34 

LSD (5%): 	 Tillage systems 35 

Fert. levels 15 

Fert. levels at the same level of tillage system 33 
Tillage systems at the same level of fert. level 58 

Weed control (WC) (Methods) 14 
Weed control (WC) at the same level of tillage system 31 
Tillage systems at the same level of WC method 45 

Weed control method at the same level of fert. level 19 

Fert. L. at the same level of WC method , 23 

with weeds caused severe Adding nitrogen and phosphorus fertilizersCompetition 
reductions in grain yield of lentils (Table 20). resulted in a significant increase in the grain 

Handweeding once and twice increased the yield of lentils (Table 20). 

grain yield significantly. Handweeding twice 

resulted in a significant increase in the grain Moisture Studies 
yield over handweeding once. Applying the 
broadleaf herbicide (Brometryne) individally or Seasnna! changes in soil-moisture profile. 

in combination with the grass killer (Bronamid) Changes in total moisture in the profile (0-180 

controlled weeds effectively and increased the cm) are shown for all treatments in Table 21. 
grain yield significantly. The comparison bet- During the cool wet winter, when rainfall ex

ween applying broadleaf herbicide alone or in ceeded crop evapotranspiration. profile 

combination with the grass killer did not show a recharge occurred in all treatments, maximum 

significant difference in the grain yield, but profile recharge being recorded on 17 Mar. 
applying the combination of the two herbicides During the recharge period, treatment effects 
controlled grass weeds, became apparent. Weed growth caused greater 
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Table 20. Effect of different tillage systems, weed control methods, and levels of fertilization on the lentil grain yield (kg/ha) 
at Tel Hadya, 1982/83. 

Broad- Broad-

One Two leaf spectrum 
Control weeding weedings herbicide herbicide 

Conventional Fert. 	 342 935 1039 751 671 

T. early Unfert. 275 478 529 369 425 

Conventional Fert. 	 273 662 .945 737 838 

T. middle Unfert. 325 452 419 352 347 

Conventional Fert. 	 92 845 888 860 654 

T. late Unfert. 321 512 454 474 414 

Zero tillage Fert. 222 905 1249 507 689
 

early Unfert. 101 580 566 266 448
 

Zero tillage Fert. 37 437 662 118 130
 

middle Unfert. 77 311 435 166 135
 

LSD (5%): 	 Tillage systems 257
 

Fert. levels 86
 

Fert. levels at the same level of tillage system 192
 

Tillage systems at the same level of fert. level 374
 
Weed control (WC) (Methods) 65
 

Weed control (WC) at the same level of tillage system 145
 

Tillage systems at the same level of WC method 288
 
Weed control method at the same level of fert. level 92
 

Fert. L. at the same level of WC method 118
 

water use which resulted in less total profile 

recharge (6.16 cfr,mean value for all weedy 

treatments compared to 7.67 cm ior tinweedy 

treatments). A similar main effect of fertilizer 
was observed resulting irom enhanced crop and 

weed growth (6.52 cm for fertilized treatments 

compared to 7.30 cm for unfertilized 
treatments). Tillage treatments did not appear 

to have any consistent main effect other than 

that associated with weed population, mean 

values of 7.0 and 6.8 cm being recorded with 

conventional and zero tillage, respectively, 

These differences in profile recharge are 

reflected in both depth of profile recharge and 

accumulated water use which are discussed in 

more detail later. 

Between 17 Mar and 24 Apr, crop and weed 

moisture use in both the weedy and fertilized 

treatments exceeded rainfall, and profile 

discharge commenced. However, in the weeded 

unfertilized treatments where crop and weed 

cover was least, only slight profile discharge or 

recharge occurred. Following this period, rapid 

profile discharge occurred in all treatmentsuntil 
harvest on 10 May 1983. Treatment effects were 

again apparent and were reflected in the extent 

and rate of profile discharge. In the weeded 

treatments, fertilizer greatly increased the rate 

of profile depletion (1.21 vs 0.77 rnm/d) in this 

period, but in the tinweeded treatments, where 

profile recharge was severely reduced by fer

tilizer application, a reverse picture was 
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Table 21. Moisture (cm) changes in the soil profile at Tel Hadya.
 

Conventional tillage Zero tillage
 

Weedy Weeded
Weedy WeededNo. Accum. 

Un- Unof precipi- Un- Un-

Days tation Fert fert Fert fert Fer fert Fert fert 

1982 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0025 Nov 0 0.0 

12 Dec 17 31.3 2.01 1.96 1.85 1.89 1.42 1.42 1.65 1.60 

1983 
3.07 3.23 2.98 2.99 2.34 2.75 2.98 2.983 Jan 39 63.1 

23 Jan 59 79.8 3.28 3.55 3.40 3.41 3.14 3.04 3.37 	 3.44 
4.07 3.02 3.34 4.05 4.0910 Feb 77 100.0 3.30 4.11 4.09 

28 Feb 95 146.7 5.47 6.12 5.48 6.25 4.91 5.53 6.47 	 6.53 

17 Mar 112 180.1 5.60 7.32 7.40 7.66 5.46 6.25 7.62 	 7.98 
6.23 2.44 4.95 5.62 7.395 Apr 131 241.1 3.13 5.64 5.50 

3.92 7.5324 Apr 150 257.6 2.18 5.12 5.72 7.96 1.89 5.02 

10May 166 258.1 -1.15 0.28 2.09 4.02 -1.70 -1.38 -0.16 3.34 

30 May 186 277.6 -1.03 -0.08 1.91 3.57 -1.27 -1.19 -0.65 3.02 

4 July 221 279.6 -1.85 -1.00 0.76 2.31 -2.67 -2.51 -2.03 -0.51 

3 Aug 251 279.6 -2.42 -1.72 0.17 1.39 -3.08 -3.63 -3.90 -2.26 
-0.13 0.90 -3.37 -3.73 -4.01 -3.015 Sept 284 -2.43 -2.09 

12 Oct 321 -2.66 -2.60 -0.14 0.85 -3.80 4.06 -4.42 -3.32 

observed due to the greater available moisture Extractable moisture. Extractable moisture is 

at the onset of discharge period in the tinfer- defined as the difference between the maximum 

tilized plots. Rates of profile depletion were also value observed in any discrete soil horizon and 

higher (with the exception of zero tillage + fer- that at harvest. The values calculated for all 

tilizer) in the weedy plots than the weeded plots soil-depth intervals are shown in Fig. 10. 

(1.3 vs 0.84 nm/d). Moisture extraction below 75 cm was minimal, 
either because the available moisture did not 

Resulting 	from these treatment effects, there penetrate to that depth (i.e., in weedy 
not acwere clear differences in the moisture status of treatments) or because lentil roots were 

the plots at harvest and these are illustrated in tive below 75 cm (weeded treatments). 

Table 22. 
Weeds and fertilizer again had predictable 

effects on the ability of the crop (or crop +
Table 22. Profile moisture status (cm) at harvest (10 May) 

relative to date of first reading (25 Nov) at Tel Hadya, weeds) to extract moisture. The addition of fer

1982/83. tilizer and the presence of weeds both gave 

Plus fertilizer Mean higher extractable moisture levels. In addition,No fertilizer 
in the weeded plots, tillage affected the extrac

table moisture; higher levels were observed in 
Unweeded -0.55 1.43 -0.99 

the zero tillage plots. However, this effect was 
not consistent in the weedy plots. 
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Fig. 10. Effect of tillage systems on extractable moisture 
within discrete depth intervals at Tel Hadya, 1982183. 
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component becomes more important. Until 23 Maximum WUE of lentil total dry matter 

Jan 1983 ET values were close to accumulated (8.6 kg/ha/mm) recorded in the trial was low 
compared to maximum values obtained for len-E0 values (Table 23). 
tils grown at Tel Hadya (16.4 kg/ha/mm) in 

By 28 Feb the presence of weeds had caused 1982, and we have observed that lentil itself is 

greater evapotranspiration, and the effect of 	 less efficient in water use than wheat or barley, 
where values of over 30 kg/ha/mm are oftenfertilizer was becoming apparent. By 17 Mar, 

these differences were clear, and persisted until recorded. This reflects the fact that the lentil 

harvest on 10 May 1983. A comparison of total crop is much slower to achieve full ground cover 

evapotranspiration shows that, as would be ex- than cereals and thus a higher proportion of ET 
pected, both the presence of weeds and addition is lost as soil evaporation, rather than any basic 

of fertilizer caused substantial increases in crop differences in the transpiration efficiency of the 
species themselves.evapotranspiration. 

Water-use efficiency (WUE) data are It was interesting to observe that the max-

As observed, in all imum WUE of total biomass production (croppresented in Table 24. 

treatments, application of fertilizer increased + weeds) achieved in this trial (9.8 kg/ha/mm)
 

water use, but the increase in lentil and w-!ed was not markedly greater than that achieved by
 
pure, weeded lentil stand. Weeds are strongdry-matter production was proportionally a 

much greater, resulting in increased WUE for competitors for water, nutrients, and light and 

both lentil yields and total biomass in the fer- at the density experienced in some treatments of 

Weeds increased water use, but this trial would contribute greatly to the rapidtilized plots. 
depressed lentil yields, and thus dramatic in- establishment of complete ground cover. It 

verycreases in WUE were observed as a result of 	 would thus he expected that, in weedy 

plots receiving fertilizer., the WUE achievedhandweeding. 

Table 24. Harvest data and water-use efficiency of lentils and weeds under different tillage practices, weed control methods, 

and fertilization at Tel Hadva, 1982/83. 

Water-use efficiency 
Lentily: Biomass (kg/ha/mm) 

Grain Dry Dry Water Lentils Biomass 
yield matter weight use Grain Dry Dry 

(kg/ha) (kg/ha) (kg/ha) (mm) yield matter weight 

Conventional 
1.3 	 8.2
Weedy Fert. 342 1128 2212 270 4.2 

Weed), Unfert. 275 667 1352 255 1.1 2.6 5.3 

Weeded Fert. 1039 2038 2075 237 4.4 8.6 8.8 

Weeded Unfert. 529 751 823 218 2.4 3.4 3.8 

Zero tillage
 
Weedy Fert. 222 970 2693 275 0.8 3.5 9.8
 

Weedy Unfert. 101 336 1918 272 0.4 1.2 7.0
 
8.9
Weeded Fert. 1249 2161 2304 260 4.8 8.3 

Weeded Unfert. 566 767 854 225 2.5 3.4 3.8 
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would represent a near maximum for that loca-
tion in that year. If this was true, it could be 
concluded that the maximum WUE achieved by 
pure lentil stands represents near-maximum 
expected values for that season. 

Component 5: Watermelon Pro-
duction Versus Fallowing in 
Rainfed Agriculture 

The three-course rotation of cereals-legumes-

fallow or summer crop is a common practice in 
rainfed agriculture in those parts of the ICAR-
DA region where annual rainfall is more than 
300 mm. Watermelon is the main summer crop 
in the region, particularly in Syria. Yet, no 
work has been done to assess its effect on soil N, 
P, and soil-moisture residues for succeeding 
crops (wheat or lentils). 

Therefore, a field experiment was designed to 

(1) compare residual values of N and P under 
bare fallow and the summer crop watermelon, 
(2) contrast soil-moisture residues under bare 
fallow and the summer crop watermelon, (3) 
determine the response'of watermelon to N and 
P fertilization, and (4) measure the root depth 
and distribution for a watermelon crop. 

A factorial experiment of five treatments and 
four replicates was laid out on the FSP site at 
Jindiress. The treatments were 0, N +, P +, 
N + P +, and F, where 0 is cropped with no fer-
tilizer, N + is 30 kg N/ha as ammonium nitrate, 
P+ is 13.5 kg P/ha as triple superphosphate, 
and F is bare fallow. Each treatment was ap-
plied to a plot of 12 x 14 m in a randomized 
block design. 

The land is under a three-course rotation of 
cereals-legumes-summer crop, and was under 
the summer crop sesame in the preceding year. 

Crop and land management was similar to the 
farmers' practices. After land preparation, local 
seeds of watermelon (Chilean Black) were 
hand-sown at a rate of 1.25 kg seed/ha (6 
seeds/hill) at 15 cm depth on squares (3 x 3 m). 
This plant spacing gave 20 hills in each plot 
with only six central plants to sample harvest. 
Nitrogen and phosphate fertilizers were applied 

to the six central plant hills only. The N and P 

applications was split into two depths. At 40 cm 
depth, 20kg N/ha and 9 kg P/ha, and at 20 cm 

depth 10 kg N/ha and 4.5 kg P/ha were applied. 

Summer crops are an integral part of three-course rotations 

in northern Syria. Can an improved agronomic practice be. 

developed? 

Soil moisture was measured by the neutron
probe technique to 180 cm depth in three 
replicates for the F and 0 treatments. On the 0 
plots the nieasurements were taken at three 
distances from the plant center (10, 75, and 150 
cm). The measurements were taken on four oc
casions: Plant emergence (80% of hills), 
flowering, maturity, and final harvest. The soil 
moisture for the 0-15 cm depth was measured 
gravimetrically. 

Soil samples for mineral N and P analysis 
were taken at emergence and at final harvest 
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from F and 0 treatments, in successive in- Fruits were thinned to 1-3 fruits/plant 
crements (0-15, 15-30, 30-45, 45-75, 75-105, dew.uding on plant and fruit sizes. Edible fruits 
105-135 cm) to 135 cm depth. At harvest, soil were harvested depending on their maturity; 
samples from the 0 treatment were taken at the harvest season therefore extended over a 
three distances from the center of the plants (10, long period (2 Aug to 5 Sept 1983). Individual 
75, and 150 cm). The bulk sample of the soil edible fruits were weighed (FW), subsampled, 
was weighed, mixed, and subsampled for N and dried, ground, and kept for total N and P 
P analysis and soil-moisture content measure- analysis. Thinned fruits were also dried, 
ment. ground, and kept for total N and P analysis. 

At harvest, the rest of the soil sample was The development of crop cover (%) was 
used for root measurements. The soil was measured by a grid of 3 x 1.5 m frame and 
washed by a jet of water on a sieve of 1 mm 2 10 x 10 cm divisions. The measurements were 
aperture placed on a sieve of 0.5 mm 2 aperture. taken weekly from emergence until maturity. 
The roots and organic matter were kept in 
preserving solution. Living roots (white and 
light brown) were separated from organic mat- Yields 
ter and dead roots, and their fresh weight (FW), 
length, diameter, and dry weight (DW) were The data presented here will include crop pro
measured. duction, root measurements, and soil-moisture 

measurements. Table 25 presents the DW pro-
Central plant tops and easily recovered roots duction of the different plant parts and the FW 

were sampled at final harvest from all dropped of edible fruits at harvest. Larger DW yields of 
plots. The samples were separated into leaves, the different plant parts were obtained with P 
stems, and easily recovered roots, dried at application. The yield of edible fruits (FW) in 

80'C, weighed, ground, and kept for total N the P + treatment was significantly more 
and P analysis. (41.5%)than the control. 

Table 25. Total DW (kg/ha) of different plant parts and FW (kg/ha) of edible fruits of watermelon at harvest at Jindiress, 
1983. 

Plant parts Fruits 

Thinned Edible Edible 

Treatments Leaves Stems Roots 1 DW DW FW 

0 200.3 101.0 3.1 33.1 787.3 9512.4 
N + 210.0 98.7 3.6 35.0 595.2 6895.3 
P + 311.1 152.9 4.6 79.0 1163.2 13459.6 

N+P+ 191.2 94.7 4.1 36.9 713.3 8731.4 

LSD (5%) for edible fruits (DW) = 289.81 and at 1% = 416.39. 

1. This value represents the DV of easily recovered roots. 
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The good response to fertilizer P under such The pattern of root distribution in the profile, 

dry conditions can be attributed to two main and the high proportion (17.8%) of the 

factors: (a) deep placement of fertilizer P (at 20 measured root system in the 105-135 cm depth 
interval suggest that the roots of the watermelonand 40 cm soil depth) provided more moisture 

for the fertilizer to dissolve and become more crop may have penetrated below the maximum 
depth which was sampled. This is supported byavailable to plants, and (b) increases in P con-

centration enhance local root proliferation. A the profile depletion patterns (Fig. 12). 

larger root system increases water and nutrient 
uptake.
 

H2 0 (cm) 

Nitrogen application had a negligible effect per 15 cm depth interval 

on the DW production of different plant parts, 2 3 4 5 6 2 3 4 5 6 

except the edible fruits. The yields of edible o.. 

fruits were less Nith N than without, but the ef- 30- , 
fect was not statistlltv sivnificant. The effect 45

was small on N + P + plots (Table 25). It seems T 60. 
75-S 

that when N and P were both applied, the g90 

positive effect of P may have counterbalanced b.105.12 - ..15.ay. 7 July \ 
the negative effect of N. 120 5 Sept 

150, 

Root Distribution 165 
1801 10 Fallow 	 Watermelon 

(cm/cm3) slightly 
Root length densities 

decreased with distance from the center of the Fig. 12. Soil moisture contents (H20 cm*) on 15 May, 7 Ju

plants, but the decrease was not statistically ly, and 5 Sept under bare fallow and unfertilized 

watermelon atJindiress 1983.significant (Fig. 11). However, this spatial 

variation of root densities is expected under such 

a wide spacing (3 x 3 m). The root length 
Table 26 presents the root length (m/m) atdensity decreased with depth and was highest 

final harvest averaged for all distances from the
(0.09 cm/cm 3) in the 0-15 cm soil depth. 

center of the plants. The total root lengths to 
Root density cm/cm 135 cm soil depth were 756 m/m 2 , with 48% of 

0 0.1 0.2 0 0.1 0.2 0 0.1 0.2 0 0.1 0.2 the measured root system in the 0-45 cm depth 

15 interval. The root lengths at soil depth 0-45 cm 

30 were 363.7 m/rn2 corresponding to an LA value 
-45. 	 of 3.64 cm r(ot/cm soil surface, and about 0.08 

cm of root/cm3 of soil.W..75 


0 105 	 Measurements of root diameter showed a 

Mean wide range (0.05-5 mm) of variation. 	 Most of
135- A B C 

10cm 75cm 150cm the roots (68%) were within 0.1-0.5 mm 

and 7, 21, and 4 % were within the 
at final harvest for diameter,Fig. 11. Root-length densities (cm/cm) 


the different distances from the center of plants (A, B, C) diameter ranges of < 0.05, 0.6-1.5, and 1.6-5
 

and the mean value of A, B,and C at Jindiress, 1982/83. mm, respectively. 
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Table 26. koot length at final harvet for unfertilized watermelon at Jindiress, 1983. 

Soil-depth interval (cm) 

0-15 15-30 30-45 45-75 75.105 105-135 Total 

Length (m/m2' 134.21 127.78 101.68 109.16 149.08 134.48 756.38 

Table 27. Total depleted moisture from the soil (AO), ET (mm [120) and the rates of ET and A 0 (mm/d) under bare fallow 

(F), and unfertilized watermelon (0) at Jindiress, 1983. 

Fallow 

Dates: 15 May 7 July 21 Aug 
to to to Whole period 

7July 21 Aug 5 Sept 15 May-5 Sept 

A 0 27.1 34.3 13.4 74.8 
A O/d 0.51 0.76 0.89 0.66 

ET 40.2 34.3 13.4 87.9 
ET/d 0.76 0.76 0.89 0.78 

E0 /d 
ET/EO 0.07 0.05 0.07 

Soil-Moisture Dynamics 

The soil-moisture content slightly increased 
with distance from the ceuter of the plants, but 
the differences .,'ere not statistically significant 
at all dates and for all depths. Therefore, the 
data were averaged for all distances. 

By harvest the soil-moisture content was more 
depleted at all depths under watermelon than 
under bare fallow (Fig. 12). The to'al amount 
of extracted water to the 180-cm soil depth was 
74.8 mm H2Oinder fallow and 132.4 mm H20 
under watermelon. About 52% (68.7 mm H20) 
of the extracted water under watermelon was 

from the 0-45 cm soil depth. Therefore, a high 
proportion (48%) of the extracted water under 
watermelon was from layers below 45 cm, 
which corresponds to the high proportion (52 %) 
of the root system growing below that depth. 

Unfertilized watermelon 

15 May 7 July 21 Aug 
to to to Whole Period 

7July 21 Aug 5 Sept 15 May-5 Sept 

36.3 88.7 7.4 132.1 
0.68 1.97 0.49 1.17 
49.4 88.7 7.4 145.5 
0.93 1.97 0.49 1.29 

10.91 14.56 12.14 12.60 
0.09 0.14 0.04 

Also, at flowering (7 July) there were small 
increases in soil-moisture content under 
watermelon in layers below 135 cm .(Fig. 12). 
Under bare fallow small increases were also 
observed at 165-180 cm soil depth during the 
season. These observations may suggest that 
there was a slow drainage of water below 
120-cm and 135-cm soil de'hs under 
watermelon and bare fallow, respectively. 

The data in Table 27 indicate that until 
maturity (21 Aug) the rates of soil-moisture 
depletion (A O/d) were higher under 
watermelon (0.68 and 1.97 rm/d) than under 
bare fallow (0.51 and 0.76 mm/d). Later in the 
season the rate of moisture depletion was higher 
under bare fallow (0.89 mm/d) than under 
watermelon (0.49 mm/d). This depletion pat
tern of soil moisture indicates that after the end 
of the crop cycle, the soil under bare fallow 
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tends to lose more moisture than that under 
watermelon. Thus the excess amount (57.6 mm 
H20) of moisture conserved under bare fallow 
compared to that under watermelon at harvest 
will decrease during the postharvest period. If 
the differences between the rates of moisture 
depletion under both treatments were similar to 
that measured between 21 Aug and 5 Sept (0.4 
mm H20/d) then a decrease of 18 mm H20 can 
be expected by the beginning of the next crop-
ping season (2 months). 

Estimates of moisture depletion for different 
soil layers were calculated from the decrease of 
soil-moisture content in successive 15 cm in-
crements between T2 and TI, assuming that 
there was no transfer between soil layers. Table 
28 shows an example of the calculation for the 
period 7 July to 21 Aug 1983 for both 
treatments. During this period there was no 
rain. The rates were variable across the profile 
and depletion rates under watermelon were 
higher from the 15-75 cm depth than from 0-15 

Table 28. Rates (mm/d) of soil moisture depletion from 

successive soil layers under watermelon (NoP 0 ) and fallow 
(F) atJindiress, 1983. 

Watermelon 
(NoP 0 ) FallowDepth 

interval (cm) 7July to 21 Aug 1983 

0-15 0.20 0.20 
15-30 0.42 0.22 
30.45 0.25 0.12 
45-60 0.23 0.04T 
60-75 0.22 0.05 
75-90 0.19 0.03 

90-105 0.15 0.02 
105-120 0.11 0.01 
120-135 0.07 0.01 
135-150 0.06 0.02 
150-165 0.04 0.01 
165-180 0.02 

cm. These rates were calculated to indicate that 
the depletion rate of soil moisture averaged for 
the whole profile conceals a wide range of 
values. 

Crop-Water Use and Water-Use Effi
ciency (WUE) 

The total crop-water use by the end of the 
season was 145.5 mm H20 (Table 27). About 
91 % of the cumulative ET was from the soil
moisture reserves. 

The rates of ET varied throughout the grow
ing season and were in the range of 0.49-1.97 
mm/d (Table 27). This variation in ET rates can 
be attributed to the changes in atmospheric 
evaporative demand, soil-moisture deficits, and 
crop cover. 

The WUE for total dry-matter production 
(using the measured root weight of 250 kg/ha to 

135 cm soil depth) and DW of edible fruits were 
8.88 and 5.41 kg/ha/mm, respectively. 
However, the wide plant spacing used for this 

crop and tle slow development and small size of 
its plant cover (crop cover was 0.4, 11.6 and 
20.7% at 3 weeks after emergence, flowering, 

and maturity, respectively) suggest that most of 

the crop-water use was lost by soil evaporation 
and only a small proportion was actually 
transpired by the crop. Assuming that the 
amount of water transpired by the ci -p was 
equal to the difference between ET under 
watermelon (145.5 mm) and ET under bare 

fallow (87.9 mm), the transpiration efficiency 
(TE) for total dry matter and edible fruits was 
22.31 and 13.67 kg/ha/mm, respectively. These 
values of WUE and TE for total dry matter will 

be slightly higher due to leaf litter losses and the 
unmeasured part of the root system below the 
135-cm soil depth. 

http:0.49-1.97
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However, when using the equation, 
TE = 102 - 13 E0 + 0.53 E2

0, developed by 
Fischer (1981)a for estimating the transpiration 
efficiency of barley, a C3 crop, the estimated 
TE for watermelon (also a C3 crop) was 22.34 
kg DM/ha/mm, which is very close to the 
measured TE. 

Project IV: Livestock in 

the Farming Systems 

Livestock systems research has been conducted 

in the Farming Systems Program since 1978 us-

ing a four-stage approach: (1) systems descrip-

tion and problem diagnosis, (2) component 

testing and system design, (3) on-farm testing of 

components, and (4) diffusion. The field surveys 

of stage 1consisted of the Steppe Survey 1978-81 

and Study of Sheep Performance 1981/82. In 

1980, a program of on-station research was in-

itiated at Tel Hadya which addresses questions 
relating to stage 2 of the FSR process. In 1981, 
stage 3 research started and was expanded in 
1982/83. These stages are integrated through 
socioeconomic studies which focus on crop-

livestock interations. 

During the year under review the major 

research activity of Project IV was conducted at 
Tel Hadya. However, the on-farm research also 

'uecame a more important effort. At Tel Hadya 

the research is conducted within the framework 

of two unit farms, three flocks, and the 

associated fenced areas of natural grazing. The 

objective of this reasearch is to investigate im-

proved nutritional strategies based on pastures, 

hays, and straws, and to assess the economic 
benefit of these changes on sheep and crop pro-

a. 	Fischer, R.A. 1981 Optimizing the use of watur and 
and Soil 58:nitrogen through breeding of crops. Plant 

249-278. 

Livestock in FarmingSystems 

ductivity at the farm level. The on-farm testing 
aims to test and refine management practices 
designed on station, which are relevant to the 
farming system and therefore acceptable to 
farmers. 

Component 1: Crop-Livestock 
Integration 

Livestock-Cropping Systems 

The analysis of results from the 1978-81 Steppe 

Survey at three locations, Bir Amaleh, Hazm 

Alsurr, and Mouhaseneh in .northwest Syria, 
where the cultivated zone receiving about 200 

mm annual rainfall merges into the steppe, was 
tocompleted in 1982/83. This survey aime, 

aredescribe a farming system in which sheep 

the dominant enterprise and to identify factors 

which are likely to limit system productivity. 

The importance of ba-ley grain in the annual 
fee cycl e of barne sen in T e 29. 
feeding cycle of sheep can be seen in Table 29. 
Barley grain supplied 33% of the metabolizable 
energy in the supplements fed to the study sheep 

flocks in winter. The start stock represents that 
part of the opening inventory of barley actually 

fed t) the sheep. The remainder of the opening 

inventory is seed from the farmers' own barley 
crop. The end stock represents that part of the 

farmers' own barley production, after deduc

ting the next year's seed requirements, which is 

consumed by sheep during the winter of the 

following cropping year. The sum of the pur

chases and start. stock of barley represents the 

total consumption by sheep. 

(P <0.01)sinficain the case etere ee b of the startar anddferences 
end stocks, but not in the case of purchases 
(P s0.05 t. in the cse o pu r e 

In the 'dry' year, stocks were(P<0.05). 
diminished because the barley yields were poor. 
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Table 29. Physical flow of barley grain (kg per flock). 

1978/79 1979/80 1980/81 Significance 
SD1"dry* *wet* "norm* Mean Year Location 

Start stock 2 1767 1053 a 7453 3726 8169 * NS
 
Purchases2 9862 4420 3779 5306 7808 NS
 
End stock 2 

9 89a 7435 12818 8214 9118 NS
 

Change in stocks 3 -856 12068 979 4979 10511 NS 
Change in flows3 -11128 9644 4444 3241 14433 NS
 

3
Change in systems -11983 21712 5424 8220 17260 

1. -/Resieial meansquare. 
2. Feed sector only. See text for explanation of concepts. 
3. Includes seed used in own production. 
a. End stock in 1978/79 differs from start stock in 1979/80 because additional farmers were included in the 1979/80 sample. 

• = P<0.05
 
= P<0.01
 
= P<0.001
 

Hence, barley purchases were 9862 kg per flock average, the systems were generating a surplus 

and the overall system balance1 was 11,983 kg of 8220 kg barley per flock. 
in deficit. However, iti the 'wet' year the 
system generated a considerable surplus of In view of this conflict of objectives, and 

21,712 kg per flock, on average, because ICARDA and regional scientists are 
seeking alternative management practices 

The importance of presenting these system which will restore the equilibrium in this par

flows is related to the desire of farmers to pro- ticularly -delicate agroecological belt between 

duce their own barley and the government the cropped and gr.zing zones, further research 

legislation which prohibits cultivation of land is needed which provides farmers with feed 

below the 200 mm rainfall isohyet. Such a sources other than their own barley grain. 

policy aims to conserve the resource base in ICARDA scientists are well aware of this need 

areas that are particularly prone to erosion, and have already initiated research on pasture 

where every effort should be made to maintain species which are suited to the driest of rainfed 

the cover of natural vegetation. The govern- agricitltural areas. 
ment is increasingly enforcing this legislation. 
Therefore, the definition of systems flows is Unit Farms 
useful in showing the degree of dependency of Most of ICARDA's on-station sheep husbandry 
sheep flocks on farm-produced barley and for research is conducted within a "whole farm' 
indicating what the consequences of a total 
cessation of barley cultivation would be. On e en provid by unit farm a dat Tel Hadya in 1979. Medium(M)- and 

of the high(H)-input unit farms cover 14.1 and 10.9 
1. Here the systems' balance represents the sum 

ha, respectively. Each unit farm has an area of 
change in stocks and the change in flows. This latter term is 

shallow, stony soil and of deep soil, on which
the difference between the flows out of the system (sales of 

2-year and 3-year rotations, respectively, aregrain, transfers to combine operators, relatives, and part-


ners) minus flows into the system (grain purchases). practiced.
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400 TR = -269+6.475(f)-0.01641 (f) 2 R2 = 0.92
In addition to providing most of the feed for 

the experimental flocks, the unit farms have MOFC =-268 + 5.442(f)-0.01626(f) 2 R2 =0.79 

yielded detailed input and output data. When 

local costs and prices are applied to these data, 350-HH 

they provide a basis for budget estimates to 

compare the economic performance of the 

various experimental sheep husbandry prac- 300_ 
seasontices. Comparisons for the 1982/83 are H 

summarized here. 
250-

Low (L), medium (M), and high (H) levels of 

ewe nutrition during pregnancy were defined in 

the following six combinations with post- 200_ 
lambing nutrition levels: LL, LM, LH, MM, 1H0 
MH, and HH. LL means low nutrition levels in U'
 
both pre- and postlambing phases; LH means 150

low nutrition in pregnancy, followed by high
 

nutrition after lambing, etc.
 
L100-

The LL flock was offered only limited sup

plements while the HH flock was heavily fed.
 

The other flocks were managed at nutritional 50
0 Total Revenue (TR)
levels between these two extremes. The output, L = 

revenues, expenditures, and margins U = Margin-Over-Feed-Costinputs, 
0 I I over feed costs for the six experimental flocks 

50 -L 100 150 200
were recorded. Dramatic differences between 


flocks became apparent. For example, a four- Feed expenditures (f)
 

fold increase in supplementary feed costs bet- -50 (SL per ewe) 

ween the LL and HH flocks was outweighed by. 
Fig. 13. Estimated total revenue and margin.over-feed-cost 

a ten-fold increase in total revenue. 
per ewe under six nutritional regimes at Tel Hadya, 

1982183. 
Subtracting the costs of feed from total 

revenue gives the margin-over-feed-costs its maximum at a level of feed expenditure 

(MOFC). The MOFC is an expression of between the MH and HH flocks. However, no 

economic productivity which is useful in budget observations were available at that level. The 

comparisons since the difference between flocks regression curve suggests that an increase in 

in the other overall costs (e.g., replacement MOFC of about SL 30/ewe could have been 

ewes and veterinary costs) were small. obtained by feeding slightly more than the MH 

flock received, but in a different pattern. This 

could be achieved by low levels of feeding dur-
The total revenue and MOFC for each of the 

six flocks are plotted against feed expenditure in ing pregnancy followed by a rather higher H 

Fig. 13, along with quadratic regression curves level of feeding during lactation, using greater 

levels of concentrate.fitted to these results. The MOFC curve reaches 
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Among the six flocks, those subjected to the 
LH feeding regime showed the best economic 
performance: relatively low feed expenditures, 
yet having profits (MOFC) comparable to the 
more heavily fed flocks. It is, therefore, not 
surprising that LH feeding regimes are com-
monly practiced already by Syrian flock 
owners1 . The pattern of feeding is as important 
as total amounts of feed provided. 

During 1983/84 research will continue to 
substantiate the results from the 1982/83 
feeding trial but the treatments LL and HH will 
be excluded as being economically unpromising. 
Greater feed inputs will be made during the 
lactation period to boost milk production and 
put ewes in good condition for mating. Further 
efforts will also be made to design pasture-based 
feeding strategies which will, together with 
these lactation inputs, ensure that ewes enter 
the summer period in good condition. This will 
obviate the need to provide ewes with barley 
supplements in summer. It was those sup-
plements which reduced the MOFC of the HH 
flock. However, some protein supplementation 
may be necessary to improve the utilization of 
the cereal stubbles. 

Simulated Green-Stage Grazing of 
Barley 

In parts of Syria immature barley stands are 
commonly grazed by sheep in the winter mon-
ths, then left to mature as a grain and straw 
crop. Because of this, considerable interest has 
been generated at ICARDA, where research is 
being conducted on two main aspects: 

1. Thomson, E.F. and Bahhady, F. 1983. Aspects of sheep 
husbandry systems in Aleppo Province of northwest Syria. 
Farming Systems Program, Research Report. ICARDA. p. 
25. 

1. At Tel Hadya, barley breeders are selec
ting and testing varieties which have dual
purpose characteristics in terms of their ability 
to withstand grazing and still produce satisfac
tory grain yields. Several promising varieties 
have been identified and preliminary informa
tion is available on frequency and timing of 
grazing and its effect on subsequent grain and 
straw yields. However, this information is being 
generated at a location which is far wetter and 
more fertile than the typical barley-growing 
areas. 

2. Social scientists are involved in studying 
the economic implications of green-stage graz
ing and its interactions with land-tenure systems 
and alternative feed supplies. In order to quan
tify these relationships they require detailed in
formation on the actual amounts of forage 
available and the effects of grazing on subse
quent grain and straw yields. 

The results of an experiment conducted r.t a 
low-rainfall site, Breda, are reported here. 
They provide information to supplement that 
which is available from the Tel Hadya trials. 
The results are consistent with previous ex
perience which indicated that barley growth 
and yields at Tel Hadya are not typical of the 
drier areas where most of Syria's barley is pro
duced. 

As already described under Project I, 25 fac
torial trials were conducted in 1982/83 at six 
locations in northwest Syria to assess the relative 
importance of five crop management factors 
known to affect cereal yields. Those factors are: 
nitrogen, phosphorus, seed rate, variety, and 
weed control. Of the six locations sited along the 
200 to 600 mm rainfall transect, two of the drier 
locations (Breda and Khanasser) were selected 
for the simulated green-stage grazing trials. 
These two locations are more representative of 
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the main barley-growing areas than the Tel clipping (6 Apr), the material was given the 

Hadya site. However, only the results from same price as grain per unit of dry weight. The 

Breda are highlighted here1. price given to material clipped at the second 
grazing date was estimated according to the 

Within each of the 32 plots of the 25 trial, number of days from the first date. 

eight microplots (1 M2) were marked out and 
four simulated grazing regimes were imposed: There are sound reasons for giving a higher 

value per unit of dry weight to the early grazno clipping, clipping once (8 Feb), twice (8 Feb 
and 16 Mar), and three times (8 Feb, 16 Mar, ing. First, early-season grazing replaces con

and 6 Apr). Each 'grazing ' regime was centrate feeds at a time when other grazing op

repeated on two microplots per plot in the portunities are scarce. The later stage of grazing 

parent 25 experiment. On the specified dates, comes at a time when other sources of forage are 

the "grazed' microplots were hand-clipped to a more freely available. In addition to the decline 

height of approximately 1 cm. The clipped in costs of substitute feeds from 8 Feb to 6 Apr, 

material was weighed to assess dry matter there is a drop in the nutritional value of green

removal. After completion of the clipping grazed barley. Prices assigned to the clipped 
materials are considered to show green-stageregimes, the crop was allowed to mature and 

was then hand-harvested. The grain and straw grazing in a favorable light, that is, the material 

yields were recorded. is certainly not underpriced relative to grain. 

Economic evaluation of the results required It is worthwhile examining in some detail the 

several cost and price assumptions. Grain and economic trade-offs implicit in the clipping 

straw were priced at SL 1.15 and SL 0.55/kg , results across all treatments in the parent 25 trial 
of the trial plos, final yieldsrespectively. Regression estimates derived from at Breda. In 78% 

recent survey results2 were used to link harvest were reduced by a single early clipping. Even 

costs (SL/ha) to the grain yield (kg/ha): larger yield reductions occurred in 97 and 100 % 
of the plots subjected to two and three clippings, 

Harvest Cost = 120 + 0.32 x grain yield. respectively. 

Thus, estimates of net harvest value Net harvest benefits and cumulative grazing 

(grain + straw values - harvest cost) could be (clipping) values are shown in Fig. 14. These 

calculated for the mature crop associated with are plotted according to the average grain yield 

each level of ((grazing' intensity, associated with each level of clipping. In the 
case of no clipping, the average net harvest 

To estimate the economic grazing value of value was greatest. One clipping yielded about 

green herbage at each stage of clipping, further SL 90/ha in grazing value but resulted in a 

assumptions were made. For the material clip- larger loss in harvest benefits. As a result, total 

ped on 8 Feb, a price double that for grain (per crop value (grazing + harvest values) was 

kg of dry weight) was assumed. For the final reduced due to a single clipping. Subsequent 
clippings caused increasing losses of total crop 

1. Detailed analyses for both locations are being done. value. These results can be summarized by 

2. Mazid, A. and Hallajian, M. 1983. Crop-Livestock in- noting that each SL of green-stage grazing value 

teractions: information from a barley survey in Syria. is estimated to cost, in terms of reduced net 
Farming Systems Program, ICARDA. (in Press). 
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Fig. 14. Effects of clipping on the components of total 
barley crop value: averages over all treatments in a 25 trial 
at Breda, 1983. 

harvest value, about SL 2.3. Thus, green-stage 

grazing appears to be very unprofitable accor-

ding to our pricing assumptions and to the 

overall responses to clipping in the parent 25 

The trial showed that yields of green herbage,
The riahatyiedsshwed f gren erbge, 

grain, and straw were significantly increased by 

an application of 45 kg P2O5/ha. However, both 

with and without phosphate, total crop values 
by clipping. The were substantially reduced 

phosphate boosted total crop value by about SL 
900/ha in the case of no clipping and by about 
SL 600/ha in the case of three clippings. Total 
crop values were almost the same (about SL
1100/ha)uesweree lipst ere takenufro1. 
ll00/ha) when three clippings were taken from 
a crop with phosphate as from a crop without 

phosphate which was unclipped. The fact re
mains, however, that green-stage gra7ing 

would not have been justified on economic 

grounds in either case. 

The above analyses indicate that the farmers 

who face trade-offs between mature harvest 

value of the whole crop and the value of green
stage grazing, would allow no grazing. 

However, under particular own;ership condi
there may be strong economic incentives to

allow green-stage grazing even though it is 

known to cause damage to the mature crop.
Such are the cases in northeastern Syria where 

small landholders rent their land to larger 
operators in return for one-third of the crop plus 
the privilege of green-stage grazing early in the 
season. This grazing is effectively limited to the 
early growth period up to February when flocks 
are required by law to leave the cultivated 
areas. 

The reason for a strict and early calendar date 

limit on grazing is clear. Since the small land
holder only gets one-third of the grain crop, 
each Syrian lira of green-stage grazing value 
will cost him less than a Syrian lira in terms ofreduced rent from the land. If there wvere no 

he refer nolimit t rom te 
limit to his grazing activities, he would prefer to 

extract the maximum amount of grazing, even 
to the point where there would be no grain 
harvest 1. The indication that green-stage graz
ing is very unprofitable on drier sites is consis
tent with earlier survey results showving that it is 

p ra e exet shen tenr ara rare 
a rare practice except when tenure ar

rangements reduce the grazier's interest in the 
final crop yield. 

IGARDA's barley breeding efforts towards 
dual-purpose cultivars may need to be reviewed 

Nordblom, T. 1983. Livestock-crop interactions, the 
case of green-stage barley grazing, Discussion Paper No.9. 
ICARDA. pp. 20-24. 
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Is green-grazing a profitable practice? Research is under way to find the answer. 

both in terms of the survey results, which show on-station or on farmers' fields. Joint-managed 
green-stage grazing to be a limited practice trials are those conducted on farmers' fields 
associated with share-cropping, and in terms of where both farmers and scientists collaborate in 
the above economic analysis which helps ex- the research. Farmer-managed trials are the 
plain why this is so. As breeding for dual- third type in the research sequence from 
purpose cultivars continues, the selections scientist- to farmer-managed trials. Involve
should, if possible, be made in a drier environ- ment of the farmer in the research process is 
ment more typical of the barley-producing areas essential since he is the ultimate user of a 

in Syria. recommended husbandry practice; he will 
largely determine whether or not a new practice
is adopted. 

Component 2: Pasture Crops and 

Animal Nutrition First attempts at joint scientist/farmer
managed on-farm trials involving barley and 

On-Farm Forage and Grazing Trial forage crops were made in 1981/82. Many 
lessons were learned from those initial attempts. 

The third stage of the FSR process involves Acknowledging the essential role of on-farm 
testing the components of improved husbandry trials in the FSR process, the trials were con
practices which were designed and tested in siderably expanded in 1982/83 to include first 
scientist-managed trials. These may be either attempts at on-farm livestock trials. 
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The villages in contrasting rainfail areas (200, 
250, and 350 mm average annual rainfall) were 
visited in October 1982. Using a questionnaire, 
nine farmers were selected from within those 
villages depending on willingness to col-
laborate, suitability of land, and ownership of 
sheep. Agronomy trials were laid out on six 
farmers' fields using a standardized experimen-
tal design. Three species were tested: vetch 
(Vicia sativa), peas (Pisum sativum), and the 
annual Medicago rigidula. These were planted 
in 500 m2 main plots, with 50 kg P20 5/ha ap-
plied to half of each plot. 

One of these agronomy trials was modified to 
serve as a grazing trial by increasing the area of 
vetch and peas to 1500 m2 per species. It was 
still possible to collcct yield data for the two 
species since three 2 x 2 m areas within each 
subplot were protected from grazing, using wire 
netting. Since the farmer did not own sufficient 
lambs for the grazing trial, 20 Awassi lambs 
about 4 months old and weighing initially about 
15-18 kg, were transported from ICARDA's 
research station to the site and divided between 
the two main plots. They were penned at night. 

In June 1983, follow-up interviews were held 

with collaborating farmers in order to elicit 
their views regarding Zhe trials. 

The dry-matter yields (DM) from the sites are 
shown in Table 30. DM yields of the medic were 
not taken because of poor growth. The mean 
DM yields at Breda (250 mm annual rainfall) 
were about 28 % higher than at the wetter site, 
Deir Qaaq (350 mm). Peas generally yielded 
25% more (P<0.05) than vetch in the unfert
ilized and 38 % more (P < 0.05) in the fertilized 
plots. While the response to phosphate applica
tion was variable, on average peas responded 
better (21%) than vetch (10%). 

The higher DM yield of peas than vetch in 
these joint-managed trials confirms the results 
from the scientist-managed rotation trials being 
conducted by the FSP. However, the overall 
DM yields in the joint-managed trials were well 
below the yields of scientist-managed trials in 
nearby plots. Such a finding is common when 
yield comparisons between experimental plots 
and farmers' fields are made. 

The mean DM yields of vetch and peas were 
280 and 210% higher, respectively, in 
1982/1983 than those found in 1981/82 at 

Table 30. Dry-t tter yields (kg/ha) of vetch and peas with and without phosphate fertilizer, 1982/83. 

Peas 	 Vetch 

Location 	 Farmer FoI F+1 Fo F+ 

Deir Qaaq 1 1019 1285 780 731 
2 1069 1408 905 878 

Mean 1044 1347 843 804 

1422 14113 	 932 1313
Breda 	 3 

4 806 1099 611 1072
 

5 1612 1595 1341 1167
 

6 1501 1453 1325 1326
 
1220
Mean 	 1335 1565 1052 


Overall Mean 1238 1492 	 982 1081 

1. Fo = No P205 applied; F + = 50 kg P20 5 /ha applied. 
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Breda. Part of this difference was certainly due 
to site and seasonal variations. But it is sug-
gested that much of the increase in yield found 
in 1982/83 was due to the increase in the seed 
rate (140 vs 70 kg/ha) and P20 5 level used (50 vs 
25 kg/ha). 

It has already been noted that the mean DM 

yield was higher at the drier than the wetter 

site. Furthermore, with the exception of vetch 

at Deir Qaaq, there was a mean response of 

21% to phosphate application (Table 30). 

There is insufficient knowledge of the soil and 

meteorological conditions at the various sites to 

explain the inconsistency of these results. A 

variable response of barley to phosphate fert-

ilizer was reported in the 1981/82 barley on-

farm trials. This was corrected in the nextfanowtthink.thatsawfarcerrwould 

season and the responses in the trials in 1982/83 

were more consistent largely due to greater care 

when selecting sites. Certainly, cropping history 

of the plots appears to be very important. 

Some inconsistencies in the results are a 
feature of both joint- and farmer-managed 
trials where data on climatic, soil, and 
microbial environments are sparse or missing. 
However, the DM yields and the fertilizer 
responses in these trials are close to those that 

would be obtained by farmers operating on 
thvir own. 

The grazing trial was the first attempt at a 
joint-managed trial involving livestock and, 
even though modest, it was very instructive. 

When conducting on-farm trials involving 

livestock, often a compromise has to be found 
the productionbetween the need to measure 

(such as milk, weight gain, wool, dung, and 

traction) relevant to the farming systems, and 
so. Thus, lambs werethe difficulties in doing 

chosen for grazing because measuring 

liveweight gain poses fewer problems than 

measuring milk production, even though it is 
most likely beenvisaged that pastures would 

weutilized by lactating ewes. In retrospect,be morenim
now think that a farmer would be more im

pressed by a new farming practice if he could 

see a change in performance of his flock over a 

short period of time. Thus, a change in milk 
yield would have been a better variable to 
determine than the growth rate of lambs since 
changes in milk yield could be measured by 
farmers themselves. It is therefore proposed in 
1983/84 to monitor the milk production of ewes 
in two flocks before, during, and after they 
graze vetch or peas. 

Table 31. Liveweights and liveweight changes of lambs grazing peas and vetch pasture at Breda, 1983. 

Dry-matter yield 1 (kg/ha) 


Dry-matter availability 2 (kg/lamb/day) 


No. of lambs3 


Start of grazing 


End of grazing 


Grazing days 


Initial liveweight (kg) 


Final liveweight (kg) 


Av. daily liveweight gain (g) 


Vetch Peas 

1122 1768 

0.94 0.98 
10 10 

4 Apr 4 Apr 

22 Apr 1 May 

18 27 

17.1 15.6 

18.1 15.8 

55 10 

1. Mean of fertilized and unfertilized plots -- see Table 30 farmer 3 (Breda). 

2. (Dry-matteryield/ha x 0.15) + (10 x grazing days). 

3. Each group of lambs had five males and five females, about 4 months old at start -,fexperiment. 
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The results of the grazing trial are shown in 
Table 31. The lambs appeared to prefer the 
vetch to the peas. Lambs on vetch were obser-
ved to rest after grazing in the morning but 
lambs on peas appeared to be continuously in 
search of feed. It was also observed that lambs 
found unfertilized vetch more palatable than 
fertilized vetch. There were differences in 
animal gains between the two groups; animals 
grazing the vetch gained, on average, 55 g/day 
while those grazing peas gained only 10 g. 

The different lengths of grazing periods were 
partly due to the difference in the amount of dry 
matter available. However, on a daily basis, 
dry-matter availability per head was similar in 
both vetch and peas. But the intakes of the two 
species differed since after 18 days of grazing the 
vetch, lambs had removed all the crop. But, 
even after 27 days of grazing, considerable 
quantities of pea plant material remained, 

Although the average daily liveweight gains 
per lamb were quite small on the vetch plots, 
expressing them as total liveweight gain/day/ha 
gives a value of 3.7 kg. This is similar to the 
value of ".8 kg found at Tel Hadya in 1980/81 
and 3.7 kg in 1981/82. The small average daily 
gain of the lambs was probably due to the high 
stocking rate chosen, 67 lambs/ha, and low DM 
availability. Converting to 45-kg ewe 
equivalents, this would have represented a 
stocking rate of about 25 ewes/ha. 

Applying the same basis of measurement to 
lamb gains on the pea plots a value of 0.67 kg 
liveweight gain/day/ha is obtained, even though 
there was nearly 1 kg DM available/lamb/day 
(Table 31). The lambs' low voluntary intake of 
pea forage was responsible for their poor growth 
performance. Grazing studies by the Pasture 
and Forage Improvement Program (PFIP) have 
shown similar results. This is an important find-

ing which has led to many discussions between 
scientists in the FSP and PFIP, particularly as 
peas have the advantage that they yield more. 
This point illustrates the value of conducting 
animal evaluation studies as early as possible 
when designing new elements for a farming 
system. 

Several questions need to be asked regarding 
peas as a forage crop. Is green pea herbage real
ly unpalatable? Do ewes as well as lambs find it 
unpalatable? What is the palatability of pea hay 
and pea straw? What is thc nutritive value of 
these feeds? The PFIP grazing studies showed 
that adult sheep find mature pea plants more 
palatable than the early growth. Hay from pea 
and vetch will be fed to sheep in 1983/84 to 
assess voluntary feed intake and digestibility. 
Furthermore, grazing studies are planned for 
1983/84 to evaluate the palatability of green 
peas for ewes and, in view of farmers' 
preference to harvest forage crops for grain and 
straw, the nutritive value of pea straw will be 
assessed. 

One particularly important aspect of these 
trials was the opinion of farmers as expressed in 
the follow-up interviews. Although the yield of 
vetch was lower than peas, farmers preferred 
vetch to peas. This may be because they are 
more familiar with vetch as a forage crop. Also, 
some farmers could sell their pea seed only at a 
very low price because of insect damage. 

As is often the case when seeking to introduce 
new technology into a farming system, a short
age of cash was felt by 80 % of the farmers to be 
a constraint to introducing a forage crop into 
the crop rotation even though yields were suffi
cient to cover the variable costs. The desire of 
80% of the farmers to use the forage crop for 
straw and grain production is understandable. 
First, they like to grow a crop which provides 
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them with seed for plantirig in the next season. 
This solves the problem of a shortage of cash to 
buy the seed. Hay production, however, does 
not have this advantage. Second, the high 
economic value of straw, which constitutes an 
important component of sheep diets in winter, 
makes it an attractive product. Farmers showed 
no interest in hay production, perhaps because 
it is an unknown practice in the area. 

One particular concern of the farmers was 
the effect of a forage crop which replaces a 
fallow on the yield of the subsequent barley 
crop. One farmer at Breda complained that the 
1982/83 barley crop on the 1981/82 forage trial 
was poor. Unfortunately, the grain yield of this 
barley crop was not measured. However, the 
site of the previous year's forage trial could 
clearly be seen. Apparently, the application of 
phosphate fertilizer in the forage trial had 
stimulated the growth of the indigenous Lolium 
species. Some of the Lolium planted in 1981/82 
had self-sown and regrown. Even though the 
1982/83 barley crop may have suffered, the 
grazing value of the area after harvest was well 
above what it would otherwise have been. The 
fa.mer agreed with this point and was quite 
happy to provide all his fallow area (2.2 ha) for 
the 1983/84 forage trial, 

Two particularly important lessons were 
learned during the 1982/83 season's on-farm 
forage trials: the first was in regard to plot size. 
Plot size was increased from 100 m2 (1981/82) to 
500 m2 (1982/83). This had the desired effect of 
providing more realistic farming coiditions in 
which the farmers were better able to evaluate 
new techniques. Furthermore, some farmers 
felt the area was sufficiently large to make it 
worthwhile harvesting the crop for straw and 
seed. This is an important step towards ensuring 
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that farmers continue to grow the crop alter the 
scientist has withdrawn his input. 

The second lesson concerned the adoption of 
a 'best bet" approach in joint-managed trials 
rather than rigid adherence to agronomic 
recommendations arising from small-plot trials. 
Such an intuitive and pragmatic approach uses 
a knowledge of local farming practices gained 
during initial survey work. For example, a seed 
rate of 140 kg/ha was chosen in 1982/83, based 
on the quantity of barley seed broadcasted by 
farmers in the area. The 70 kg/ha seed rate used 
in 1981/82 was found to be optimal in scientist
managed trials where seed was drilled into well 
prepared seed beds under higher fertility condi
tions than are usually found in areas with less 
than 300 mm annual rainfall. In the forage 
trials, a sowing method typical of the area was 
71-d, i.e., cultivation, hand broadcasting, and a 

final covering cultivation. 

The first year of joint-managed on-farm 
forage and grazing trials have highlighted many 
socioeconomic and agronomic problems which 
need further research at the second stage of the 
FSR process. Scientists were already aware of 
many of these problems but are now better able 
to define research priorities as a result. The in
formation feedback from the trials has pointed 
to the need for further research at the design 
and testing stages. Sharpened perspectives on 
these socioeconomic and agronomic problems 
provide ICARDA scientists with a more con
crete framework for conducting on-farm testing 
of improved livestock husbandry practices. In 
1983/84, efforts at ICARDA to develop and 
refine the on-farm pasture, forage, and 
livestock trial methods will continue. Aregional 
workshop focused at on-farm trial methodology 
isplanned for early 1985 at ICARDA. 
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Nutritive Value of Barley Straws' 

Barley straw contributes a significant proor-
tion to the diets of sheep in North Africa and 

West Asia. In poor rainfall years in the drier 

areas grain yields are lower and the quality of 

straw is a primary factor determining the value 
of the barley crop. Long-term estimates, which 
include poor and good years, indicate that at 

least 39% of the total economic value of barley 

crops in western Syria can be attributed to the 
straw and direct grazing provided in addition to 

the grain 2 . Although investigations are pro-

ceeding to introduce annual forages into the 

fallow in barley-fallow aiid to replace one year's 
barley in continuous barley rotations, it is very 

probable that straw will continue to remain a 
valuable feed material for many years to come. 

Straw quality is an important consideration 
amongst farmers. Farmers pointed out two 
years ago that Arabi Abied straw is much 
preferred by sheep compared with straw from 
the Beecher variety. Table 32 presents results of 
voluntary intake and digestibility trials which 
confirm these farmers' observations. Intake of 
digestible organic matter from Arabi Abied 
straw provided sufficient energy to nearly 
maintain animal liveweight, while Beecher 
straw r '.1ted in a severe energy shortage: 2.9 

MI -i.abolizable energy less than that re-
qL 'maintenance of liveweight. This led 
to a wer:ht loss of 145 g/day. 

This preliminary research prompted in-

vestigations into possible reasons for differences 

in nutritive value between varieties. Data are 

now available on the morphological 

characteristics (Table 33) and on the chemical 

composition (Table 34) of three barley varieties 

1. In collaboration with the Tropical Development and 
Research Institute, England. 

2. Mazid, A., Hallajian, M., Somel, K., and Nordblom, T. 
1984. The economic contribution of forage and fodder from 

barley crops in wesern Syria. RACHIS No.3: 17-19. 

harvested at Tel Hadya during 1983. At Tel 
Hadya, Beecher, a six-rowed barley, is com

paratively high grain yielding, with tall, thick 

stems, and a low leaf-to-stem ratio. Arabi 

Abied, in contrast, is a relatively low grain 

yielding, two-rowed plant with thin stems, and 

a higher leaf-to-stem ratio. Possessing goodi 

characteristics of both, ER/Apam is a high
yielding, two-rowed barley with a leaf-to-stem 

ratio comparable with that of Arabi Abied. 
Beecher straw is more highly lignified than 
either Arabi Abied or ER/Apam straw which 
explains its lower digestibility. It is also lower in 

crude protein, but this factor alone is insuffi
cient to explain differences in feed intake and 
digestibility. 

ER/Apam demonstrates that high grain yield 

and acceptable straw value are not incompatible 
objectives in a plant selection program. Of 
course, these must be consideredin combination 
with other factors, e.g., drought tolerance, 
when predicting the suitability of varieties for 

3different rainfall zones . 
As an aid to selection of varieties with ade

quate straw quality, straw from a number of 
barley variety trials harvested in 1983 is cur
rently undergoing chemical analysis and 
determination of leaf-to-stem ratios. Facilities 

are now available at ICAIRDA for intake and 
digesibility tests of advanced varieties prior to 
release to farmers. This research will be ex

tended in 1983/84 in order to investigate a 

greater range of barley genotypes and 

phenotypes. Research is also plannl1 to examine 

the nutritive value of straw from different 

varieties under different types and levels of 

energy and protein supplementation. Such 

research is already helping plant breeders make 
decisions regarding future research objectives. 

3. Nordblom. T. 1983. Livestock-crop interactions: the 

decision to harvest or to graze mature grain crops. Discus

sion Paper No. 10, ICARDA, 21 pp. 
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Table 32. Daily voluntary feed intake and digestibility of Beecher and Arabi Abied straw (per 45 kg sheep). 

Dry matter intake (g) 

Dry matter digestibility (%) 

Organic matter digestibility (%) 

Intake digestible organic matter (g) 

Metabolizable energy intake (MJ) 


= Significantly different, P<0.001
 

= Significantly different, P<0.01
 

Table 33. Factors affecting nutritive value of three barley straws. 

Grain yield (kg/ha) 

Straw yield (kg/ha) 

Leaf: stem ratio of straw 

Plant height (cm) 

Stem thickness (cm) 


Beecher 

2720 
1731 
0.5:1 
74.0 
0.33 

Beecher 

623.0 
36.6 
40.9 

231.3 
3.4 

Barley variety 

Arabi Abied 

763.1*
 
41.3).. 
50.6*** 

363.4*** 
5.4* 

Barley variety 

Arabi Abied ER/Apam 

1830 3057 
1009 1819 
0.8:1 0.8:1 
36.2 47.4 
0.21 0.20 

Table 34. Crude protein and lignin composition of the straw of three barley varieties. 

Stems 

Beecher AA1 

Crude protein (%) 2.0 2.1 
Lignin (%) 11.3 9.0 

1. AA = Arabi Abied 

Conclusion 

In 1982/83, considerable further understanding 
of several topics relating to the role of livestock 
in farming systems was gained Analysis of the 
data from the 1978-81 Steppe Survey was corn-
pleted and on-farm grazing and livestock trials 
were started. Research on simulated grazing 
and nutritive v, 1ue of barley straws should in-
creasingly help the barley breeders define their 
future research priorities. 

Leaves 

AA1ER/Apam Beecher ER/Apam 

2.1 3.3 3.6 4.2 
10.2 7.7 6.9 5.2 

In 198J/84, rese-rch will focus on the further 
developr.,ent of methods to evaluate the per

formance of livestock given improved husban
dry in on-farm trials and in refining elements of 
husbandry practices being developed on station. 
On-farm grazing trials, at 10 sites, are planned 
and the forages will be grazrd by sheep flocks of 
the landowners. Attempts will be made to 
monitor the milk yield of the L'.ves. Four of these 
trials will be part of a new study which aims to 
relate sheep feeding strategies to sheep perfor
mance (see Project III, component 1). 
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There will be a shift in the focus of the on- for the successful transfer of our research fin

station research towards designing and tesung of dings to the farm. 
systems which have an increased pasture com
ponent. The unit farms and the three flocks This Project has three objectives: (1) to col

provide a research framework which should be lect, collate, and analyze agroclimatic data for 

very suitable for realizing this goal. In addition, use in agroecological zoning; (2) to collect in.. 

linear programming analyses will be conducted formation and describe soil conditions in 

using the 4 years of data so that economic ICARDA region; and (3) to collect data on 

viability of various crop/livestock combinations socioeconomic characteristics within the region 

can be tested. and analyze the effect they may have on 
agricultural production. 

In 1982/83 this project feceived only 3% of 

Project V: Environmental the FSP budget. This was a deliberate decision 
on our part since it was not clear whether this 

Zoning research should take place in FSP. Recommen
dations in favor of the project came from the 

Project V was developed to provide scientists at report of the Quinquennial Review (QQR) as 

the Center with information on environmental well as ICARDA scientists. The QQR panel 

conditions that affect agricultural production in suggested that 'ICARDA should clarify its plans 

the ICARDA region. Agroclimatic and for continuing this project both in relation to the 

are all important, physical and the economic environment.' Prosocioeconomic characteristics 
and describing differences in these parameters ject V will therefore receive greater attention in 

from one geographical area to another is vital future. 

ot° 

,.4./ 
 .. ..
 

Tihe likelihood of experiencing severe dr,:ight conditions is being estimated. 
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Project V in 1982/83 concentrated on the col-
lection and analysis of agroclimatic data. 

Although relevant to Project V, research on 
soils in 1982/83 was restricted to Aleppo Pro-
vince and this is reported in Project I. Also, 
research on socioeconomic factors was restricted 
to barley production in northern Syria, and this 
is reported in Project I as well. 

Component 1: Collection, Colla-
tion, Distribution, and Use of 
Agroclimatic Data 

Data Collection for the 1982/83 Crop-
ping Season 

The standard range of daily-recorded 
meteorological variables were monitored for a 
fourth season at the five principal FSP research 
sites -Jindiress, Kafr Antoon, Tel Hadya, Breda, 
and Khanasser. On 1 Sept 1983, recording at 
Kafr Antoon was terminated because this site is 
now being redeveloped by the Syrian Ministry of 
Agriculture and Agrarian Reform. 
Meteorological data records from these sites are 
now available to all ICARDA users at the 
Computer Center by using the 'METEOR' data 
retrieval program. 

A summary of these data is presented in the 
chapter 'Meteorological Data" in this report. 

Long-Term Data Collection and 

Collation 

In the 1982/83 season data collection from 
long-term records was guided by two major 

developments. First, the official agreement 

EnvironmentalZoning 

between ICARDA and ACSAD (Arab Centre 
for Studies of the Arid and Dry Lands) enabled 
both organizations to formally collaborate in 
compiling a climatic data bank for North Africa 
and West Asia. ACSAD scientists have agreed to 
concentrate on collecting monthly data from a 
wide range of countries, whereas ICARDA will 
concentrate on collecting daily data for specific 
long-run stations where ICARDA outreach ac
tivities are in progress or are proposed. 
Therefore, ICARDA collection efforts have 
been directed towards data from Syria, North 
Africa, northern Egypt, and Baluchistan (nor
thwest Pakistan). 

Syria. Recent data acquisitions from Syria are 
summarized in Table 35. Long-term daily max

imurn and minimum temperature and rainfall 

records are being used in the technical 
development of zoning schemes in collaboration 
with the University of Reading, England, and 
the University of New England, Australia. In 
addition, new m6nthly rainfall data for Aleppo 
1931-55 has been obtained (Fig. 15). 

rable 35. Daily meteorological data holding for Syria. 

Max. and Min. 
Site Precip Temp 

Aleppo 1946-79 1960-82 

Jindiress 1960-83 1965-83 
Azaz 1957-80 1959-82 
Saraqeb 1960-80 
Breda 1957-83 

Khanasser 1957-80 
Hama 1962-83 1960-82 
Tal Abiad 1960-83 1957-82 

Qamishly 1962-83 1960-82 
Sweida 1960-83 1960-74 

Izraa 1959-83 1960-83 
Nabek
Salamieh 

1974-83 
1974-83 
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North Africa. At the start of the 1982/83 season 
there were no data holdings for North Africa. 
This large gap in the data bank is now being 
filled. Monthly air temperature and rainfall 
data of variable record length have been ob-
tained for principal meteorological stations in 
the following countries: Algeria, Canary 
Islands, Egypt, Libya, Morocco, and Tunisia. A 
considerable volume of daily data has also been 
acquired. This has largely been of an historical 
nature and it is planned to obtain more recent 
data in the 1983/84 season. Present holdings 
from Algeria, Libya, Mauretania, Morocco, 
and Tunisia are summarized in Table 36. 

Northwestern Egypt. Data, principally mon
thly maximum and minimum air temperatures 
and precipitation, were obtained for the com
plete records of four stations. These were Mersa 
Matrouh (1907-1979), Sollum (1910-1979), Sidi 
Barrani (1910-1939 and 1951-1969), and Ras el 
Dabba (1910-1940). Daily records were ob-
tained for Sollum (1932-1940). The data records 
indicate the acute variability in seasonal rainfall 
in the coastal region of northwestern Egypt 
(Fig. 16). Further daily data, particularly rain-
fall arO possibly rainfall intensity, will be col-
lected in support of ICARDA projects proposed 
for this area. 

Table 36. Daily meteorological data holdings for North Africa. 

No. of 

Northwestern Pakistan (Baluchistan/Quetta). 
We have identified 84 precipitation recording 
stations with long-run data in Baluchistan, 19 of 
which are in t.ie environs of Quetta which is a 
proposed ICARDA project site. Station selection 
will be an important aspect of data collection 
efforts from Pakistan in the 1983/84 season. We 
have initially obtained monthly precipitation 
and temperature data for Quetta Brewery 
(1878-1970), Fort Sandeman, Kalat 
(1882-1970), and Dalbandin. Variability in 
seasonal precipitation at Quetta Brewery can be 
seen in Fig. 17. Large season-to-season 
variability is also a feature at this site. 

Initial Zoning Development Steps 

Cooperation with the University of Reading, 
England. The daily rainfall data collected for 
six stations in northern Syria during the 1981/82 
season was further analyzed in 1982/83. In 
cooperation with the University of Reading a 
rainfall record was simulated for Tel Hadya 
from two adjacent meteorological recording 
stations: Aleppo and Saraqeb. This study has 
been published (Dennett, M.D., Rodgers, J.A., 
and Keatinge, J.D.H. 1983. Simulation of a 
rainfall record for the site of a new agricultural 

Country stations Years of record Variables 

Tunisia 92 1949-54, 1964-1982 Daily precip. ( + monthly 
temp.) 

Algeria 31 1951-61 (1957-71) Daily precip., max. and min. 
Monthly temp. 

Morocco 20 1951-63 Daily precip., max. and min. 
temp. 

Mauretania 25 1900/1920 - 1965 Daily precip. 

Libya All stations in 1920-1940 Daily precip. (+ monthly 

Cyrenacia temp.) 
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Bre Sardevelopment: an example from northern Syria. 
Agricultural Meteorology 29: 247-258). 

Alp 
Rainfall models for six sites, Jindiress, Azaz, 0.8 

Saraqeb, Aleppo, Breda, and Khanasser were Az 

produced from approximately 20 years' daily CL
0.6

rainfall data, A comparison of the rainfall V 
regimes of the.-e sites shows marked differences _ 0.4 Kha 

which can be SL mmarized as follows: E 
Jin00.2 

1. When the ov_all probability of rain on any 
one day in the season is considered, the site with O.0 

the highest mean seasonal rainfall (Jindiress) has 0 100 200 300 400 500 600 700 

the highest probability of occurrence of a rain Seasonal total (mm) 

event and the site with the lowest seasonal mean (Site abbreviations explained in Fig. 18) 
has the 	lowest probability of the occurrence of 

follw ef 19. Cumulative probability of seasonal 
rain (Khanasser). Other sites follow the same rainfall totals at six sites in northern Syria. 

trend. The probability of rain in January at 
Jindiress is twice that at Khanasser (Fig. 18). 

hasi (hanasestr.otheriit the ,Vig. 	 distribution 

Alp 
1.0 , 

0.3,- .' / 
Az 

/ 

I /03- Bre 

C 	 0 Kha' I. / 

'0.2- 0.6 Sar/ I
 
Bre .
 

h. i0.4 /A 
i0.1 E Jin 

o 	 oQ02 I11/ 

0 	 0.0 
CL g 0 10 20 30 40 50 60 70 

Cl 0 Z 0 U.LL 	 Seasonal number of raindays 

Months 	 (Site abbreviations explained in Fig. 18) 

Jin = Jindiress, Az = Azaz, Sar t Saraqeb, Alp =
 

Aleppo, Bre = Breda, Kha = Khanasser. Fig. 20. Cumulative probability distribution of the
 

seasonal number of rain-days at six sites in nothern Syria. 

Fig. 18. Overall probability of rain at six sites in northern 

Syria. 3. The gamma distribution of the rainfall 

models 	is a measure of the size of a rain event. 

2. The cumulative probability distribution of These show some variation and indicate that the 

total rainfall and number of rain days (Figs. 19 mean size of an event is largest at Jindiress (10.1 

and 20) shows a clear segregation between sites, mm) and smallest at Khanasser (7.9 mm) with 
with Khanasser and Breda (the two driest sites) other stations falling approximately in the order 

being particularly deficient in rain events, expected from their seasonal totals. 
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4. The probability of receiving 20 mm of rain 
over a 3-day period, which is a fair definition of 
an event sufficiently large to allow germination 
at the beginning of the season, varies con-
siderably between the sites (Fig. 21). This figure 
shows that the probabilit of crops receiving a 
germinating rain event at the two driest sites is 
only half as big as the probability of this event 
occurring at the wetter sites in the period mid-
October to early December.Sr 

0111 

=0.6 
/Az.z 

20A_ n 

02i 

0.0 

1 Oct 1 Nov 1 Dec 1 Jan 1 Feb 1 Mar 1Apr 1 May 

Month 
(Site abbreviations explained in Fig. 18) 

Fig. 21. Probability of receiving germinating rains (20 mm 
in 3 days) at six sites in northern Syria. 

5. The probability of dry spells, for example of 

10 days length, following a rain event is again 
much larger at Khanasser than at the other sites 

(Fig. 22). This length of dry conditions may be 
of critical importance at sensitive crop growth 
stages such as germination. The inverse of this 
type of eyample also has considerable 
agronomic significance as it can be seen in Fig. 
23 that the probability of receiving four or more 
rain days/10-day period at jindiress is three 
times as large as the risk of such an event at 
Khanasser and Breda. This suggests that the risk 
of crop foliar diseases might follow a similar 
trend. 

o. 

Bre 

>0.4 
, ,
-20.3 . ,.
 

A z Al 
- " " " A 

- - - *..? 

0.1 
Jin 

Nov 1 Dec 1 Jan 
Month 

(Site abbreviations explained in Fig. 18) 

Fig. 22. Probability of less than 5 mm of rain in a 10-day 

period following a rainy day at six sites in northern Syria. 

0.6 

0.A
 

0.2 

Aug Oct Dec Feb Apr June 

Month 
(Site abbreviations explained in Fig. 18) 

Fig. 23. Probability of having more than 4 rain-days in a 
10-day period at six sites in northern Syria. 

It is clear from the previous discussion that 
the rainfall models produced enable an ex
tremely flexible approach to ',-,dopted to the 
analysis of a rainfall regime. Comparison with 
other sites both within and outside the region is 
now feasible, and a wide range of questions can 
be considered. For example, Kairouan in 
Tunisia has a mean annual rainfall of approx

http:December.Sr
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imately 298 mm. Is its rainfall regime more like 
start Cq-1600Aleppo or Breda? Does it have the same 

time and duration of rainy season? Are its rain 
events more numerous and/or regular than sites 1200 

o ° in northern Syria? Is its probability of within-

season drought higher? Are rain events in 800 

general heavier or lighter? Is there the same risk 0 o 
of rain days/1O-day period in the wet season? 0 400 

Are foliar diseases going to be more or less of a 
problem? E 0__,_,___,_ , 

2000If this technique proves to be functional, the 0 400 800 1200 1600 

2)
model constants could be used as discriminatory Observed DM production (g/m

building blocks for more precise environmental 
Fig. 24. (a) Observed vs computed dry-matter production 

zoning. (g/m') for 40 crop-years at nine locations in Australia, 
Mexico, South Africa, Syria, and USA. 

Future developments of this technique in the 

1983/84 season will include the first application 750

of this type of Markov chain modelling to max
imum and minimum air temperature data. By E 600 

00 
combining these three variables for each site, it .2 
will allow consideration of questions such as a 4 
comparison of seasonally effective precipita-

4500 
ee 

tion, risk and intensity of frosts, the probability C. 

of hot, dry spells at the beginning and end of the -2 300 o =4 

season, etc. If this technique can be successfully 'R o r2 =092 
transferred from rainfall to ter.)perature, it will 15 SD=50g/m 2 

at least double the effectivene;s of our reheme E 

for environmental zoning. oS 
II I I I 

of 0 800Cooperation with the University New 200 400 600 1000 

England (UNE), Australia. The ICARDA/UNE Observed grain production 
2)
 wheat growth model is now complete and will (g/m

be transferred to ICARDA in January 1984. In- Fig. 24. (b) Grain production for 40 crop-years at nine 

itial results from the model, which predicts crop locations in Australia, Mexico, South Africa, Syria, and 
maturity date and potential productivity from USA. 
air temperature, solar radiation, and rainfall Future Developments in the 1983/84 
data are promising (Fig. 24a,b). Comparisons Season 
of predictions for two locations in West Asia 
(Table 37) include the capability of the model to 
evaluate both the long-term yield potential of 1. Data collection will continue at Jindiress, Tel 
differing genotypes, and the stability of cultivar Hadya, Breda, and Khanasser. The possibility 

of establishing a new semipermanent research 
production. 

site to replace Kafr Antoon will be considered. 
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Table 37. Computed grain yields (kg/ha) for three wheat cultivars over 17 years at Aleppo and Gilat. 

Long-term 
Maturity yield 

Cultivar group potential 
(kg/ha) 

Sonalika Early 3060 
Maxipak Medium 3280 
Novi Sad Late 3130 

1. Stability Index = No. of times highest yield/No. of years. 

2. Data collection of long-term records will 
continue for daily data in Syria, North Africa, 
northwestern Egypt, and northwestern 
Pakistan. The intensity of operation will be 
dependent on available funds and the emphasis 
will be on obtaining daily temperature and 
rainfall data. 

3. Further development of environmental zon-
ing techniques based on rainfall and 
temperature records will continue. The analysis 
program 'EVENT is to be transferred from the 
University of Reading to IGARDA. 

4. The UNE/ICARDA growth model will be 
tested and evaluated as a tool for large-scale 
environmental zonation. Its further develop-
ment can only be possible if additional funding 
is obtained, as the current funding expires at the 
end of 1983. 

5. Research on agricultural policy will aim to 
estimate and analyze protection rates and 
develop supply responses for major ICARDA 
crops. In order to improve the management of 
data required for this research we have pur-
chased Production, Trade, Fertilizer and PriceYearbook tapes from FAO. We will continue to 

use data from other sources. We plan to visit 
several countries in the region and establish 

Aleppo Gilat 

Stability1 Long-term Stability 
Index yield Index 

potential 
(kg/ha) 

0.53 1930 0.23 
0.29 2130 0.23 
0.18 2180 0.53 

contact with authorities and scientists involved 
in agricultural policy. It is hoped that this will 
gradually build into a network of scientists in
terested in agricultural policy. 
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Cereal Crops Improvement
 

Wheat and barley cover approximately 70% of the total areaIntroduction 
annually devoted to food crops in West Asia and North Africa. 
ICARDA's target areas for cereal improvement are those with 
low to moderate (250-500 mm) rainfall, where the bulk of the 
barley and wheat is grown. In these areas winter rainfall is both 
limited and erratic and crop yields are limited by biological, 
environmental, management, and socioeconomic factors. 
Mountainous areas with elevations of over 1000 meters are 
found from Pakistan to Turkey and in Algeria and Morocco. 
Except for the Turkish plateau, farming in these areas has been 
relatively untouched by agricultural research. These regions 
require winter or facultative-type wheats with tolerance to 
severe environmental stresses. 

The Cereal Program works both on improving v:trieties and 
developing becter farming pract;ces. Factors, such as diseases, 
insects, frost, drought, and nutrition are being tackled jointly by 
pathologists, entomologists, physiologists, agronomists, and 
breeders. The activities of the Cereal Program are conducted in 
close cooperation with national programs and rese'-rch results 

,J " are evaluated at the national level. 

When comparisons are made betveun the local varieties cur
rently grown in specific countries and materials provided 

AL ethrough ICARDA's international nursery system, selections 
from the program have usually resulted in increases in yield over 
the local variety. This demonstrates that by adopting improved 
genotypes and cultural practices, substantial increases in pro
duction are possible in the 250-500 mm rainfall areas. To 

Wheatbreeder (etreme right) eplains the achieve such yield increases, improved cultural and pest
objectives of the crossing program to 

ICARDA's Board of Trustees memlers, and rianagement practices must also be employed. This includes the 

Dr. Nour (fourth from left) and Dr. Green- necessary inputs of credit, fertilizers, pesticides, farming 

ing, CGIAR (fifth from left). systems, 2:ed availability, marketing, and price incentives for 
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the farmer. To accomplish this requires the 
development and dissemination of appropriate 
technology and a cadre of trained scientists and 
extension workers and, more importantly, the 
determination of the national governments to 
improve food production. 

Crop improvement projects are 
multidisciplinary in approach, including 
research activities in breeding, pathology, en-
tomology. agronomy, physiology, and grain 
quality. 'he strategies used in the disciplines are 
described below. 

Breeding 

The crop breeders realize that successful 
varieties must posses. tolerance to environm ?n-
tal stresses and resistance to various diseases and 
insects. Emphasis is placed on thorough study of 
parental materials for large-yielding ability 
combined with tolerance to important stresses, 
Early-generation popilations are grown in dif-
ferent stress environments to allow the iden-
tification and selection of superior gene com-
binations. Carefully selected multilocation 
testing sites for advanced generations are used. 

The strategy of the breeding effort for im-
proving performance in unfavorable en-
vironments is summarized below. 

l. Identify stress-resistant parental lines by 
screening at key stress sites throughout the 
region: 

Drought-Syria: Khanasser, Breda, Hlgla, 
Tel Hadya (late planting): Jordan: Ramtha; 
Tunisia: Hindi Zitoun: Cyprus: Athalassa: 
Morocco: J. Shaim, Sidi Aidi, K. Zemamra. 

Heat-Sudan: Newv Ifa and Wad Medani. 

Cold-Syria: Sarghaya, Tel Hadva (early 
planting); Lebanon: Terbol; Morocco: An
naceur; Pakistan: Khan Mehterzai,Pishin 

Salt-Syria: Hegla. 

Diseases-20 Key Location Disease Nurseries 
(KLDNs). 

Insects-Syria: Tel Hadva, Suran; Morocco: 
Kodia, Sidi Kasem; Egypt: Aphid sites. 

2. Cross stress-, disease-, and insect-resistant 
parents with high-yielding, agronomically 
desirable lines, and handle the segregating 
generations as follows: 

a. 	Fl: summer nursery seed increases. 
b. 	F2: 3-4 locations (from high to low stress 

levels). Best pc oulations are sent to 50-80 
locations. 

c. 	 F3 : 3-4 locations (from high to low stress 
levels). 

d. 	F4 : 5-6 locations (from high to low stress 
levels). 

e. 	 F5-n: (First stage of bull-ing: non-bulked 
lines will be followed in later segregating 
generations). 

Initial Yield Trial (unreplicated. 
augmented design) at 5 locations (from 
high to low stress levels) and Initial Disease 
Nursery, at 5 locations. 

f. 	 Preliminary Yield Trial (3 reps), at 3 loca
tions plus unreplicated testing at 5 loca
tions and 20 KLDNs. 

g. 	Ad'anced Yield Trials (3 reps), at 6 loca
tions plus unrelplicated testing at 6 loca
tions and 20 KLDNs. 

h. 	International Observation Nursery
unreplicated, 50-80 locations. 

i. 	International Yield Trials - 4 replications, 
50-80 locations. 



73 Introduction 

Our bread wheat breeding work is a joint resistance breeding. The effort was.successful in 

endeavor with CIMMYT (Centro Internacional developing good disease pressure at Tel Hadya 

de Mejoramiento de Maiz y Trigo), based in for several diseases and in obtaining good 

Mexico. CIMMYT has posted a bread wheat disease screenings at several key locations within 

breeder and shares the operating expenses. A and outside Syria where specific disease pressure 

bread wheat line was released in Syria in 1983 was high. The laboratory facilities have been 

and named 'Sham 2' improved resulting in increased effectiveness of 
inoculation for yellow rust, septoria, bunt, and 

so far little work has been done 
The triticale project has identified lines with scald. However, 

yields better than, or equal to that of the wheats at the base program on root rots and viral 

diseases.
and near-acceptable grain quality. Triticale 

lines have exhibited disease resistance superior 
to that of bread or durum wheats. Agronomy 

Durum wheat lines with good g.ain yield as The gap between cereal crop yields in farmers' 
wvell as kernel quality have been identified. fields and the potential yields in West Asia and 

Syria has released a durum wheat line, named North Africa is large. The yield gap is generally 
'Sham 1'. Several new lines, e.g., Sebou and smaller in the higher rainfall and irrigated 

Korifla are being tested for possible release. areas. Our results indicate that good yield im

provements can be made in the rainfall zones 

with less than 450 mm precipitation, where a 
Barley lines with good yield potential have large proportion of durum wheat and barley are

been identified.. More emphasis wvill be placed gov.Arnmceprmnsa eea oa 
lines for the very low grown. Agronomic experiments at several locaon developing barley 

tions in Syria, Jordan, and Pakistan indicatedpodecvig arey ines for300the vyl 
prodctiityarea~vth 50-30 m anual increased grain and straw yields under improv

ed rais. 
rainfall. The barley project will expand its area 

of acivities beyond the Middle East and North 

Africa, towards its global mandate. 

The high-elevation cereals project has in- Grain Quality 
creased its links with national programs in 

mountainous areas of the region. Wheat and The cereal grain quality laboratory made good 

barley germplasm developed for high-elevation progress in determining the grain quality 

areas have been selected at several sites in the parameters required for local consumer uses in 

Baluchistan province of Pakistan and at An- the region. It provided valuable service to all 

naceur, a site in the Atlas mountains in Moroc- the breeding projects. Several technicians from 

co. national programs were trained. 

Pathology Entomology 

Cereal pathology work focused on enhancing Identification of lines with resistance to wheat 

disease resistance in the germplasm through stem sawfly, suni bug, and aphids will remain 
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the main priority of the cereal entomology 
work. However, effort will be increased to 
assess economic losses due to each of these pests. 
The kernel damage by suni bug reduced grain 
yield, grain quality, and yield of the subsequent 
crop if the damaged grain was planted as seed. 
Outside funding is being sought to initiate work 
on aphid tolerance in Egypt and Sudan. 

The Cereal Improvement Program is 
organized into eight projects, which bring the 
several disciplines together to work in a 
problem-oriented approach towards each topic. 
The Projects are: I. Barley Improvement; II. 
Durum Wheat Improvement; III. Bread Wheat 
Improvement; IV. Triticale Improvement; V. 
High-Elevation Cereal Improvement; VI. In-
ternational Cooperation; VII. International 
Nursery System; and VIII. Training. 

P roj e c t I: B a r1e y 
Improvement 

Barley is the second most widely grown cereal 

crop in West Asia and North Africa. It is 

predominant in the drier areas (350 mm rainfall 
or less). Barley is more dependable than other 
cereal crops under low soil fertility and drought 

en-conditions and is grown in areas where 

vironmental stresses prevail after heading and 

significantly reduce yields of later maturing 
crops. The ICARDA barley program is focusing 
special attention on developing suitable 
varieties and appropriate production 
technology for the lower rainfall areas. 

An urgent task at the beginning of ICARDA's 
barley work was to assemble and evaluate a 
large barley germplasm pool and to widen the 
genetic base of the crop. Lines from crosses 

between introductions and adapted germplasm 
are now being characterized for their 
agronomic type, disease resistance, and yield 
potential and are being distributed to national 
programs to meet the urgent need for finished 
lines. The strategy is to quickly distribute 
early-generation segregating populations for 
selection in environments where they are to be 
grown. To meet this objective and to achieve 
large yields, we use the following strategy: 

Continue to work closely with national pro
grams. Results from the international 
nurseries clearly sho-', that ICARDA's 
germplasm was better exploited in countries 
where the cereal program staff have kept 
close contact. 

Select (mainly in the F2 generation) and 
screen at several low-rainfall locations. The 
objective isto identify parental lines and 
cultivars for the agroclimatic conditions of 
barley-growing areas. 

Understand and exploit heritable genotypic 

differences in response to environmental 

stresses, in cooperation with ICARDA's 

agronomists and physiologists. 
0 Improve the disease resistance level of high

0ho 
y cding, ICARDA-developed germplasm by 
selective crossing. 

* 	Screen and advance successive generations 
using a full-season summer nursery site. 
Hopefully the site will be in Syria. 

* Develop high straw yield cultivars foT direct 
grazing for areas where straw and grazing 
values are superior to grain harvesting. 

o Develop improved agronomic practices for 
barley-growing areas. 
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Component I: Breeding and testing procedures is shown in Table 2. The 
procedure is a modified pedigree system in 
which selection is based on single plants in the 

Barley Varieties for Low Rainfall Areas F2 generation, when the desirable characters 
from both -arents are assembled; in later 
generations, selection of the best families is 

The main objective of this project is to develop emphasized, followed by selection of the best 
plants within those families. Two generationsdisease-resistant barley genotypes with greater 

yield potential, yield stability, and adaptation are grown per year unless space in the summer 

to the lower rainfall areas in the region. Barley nursery does not permit growing the later 

is the dominant cereal crop in these areas and, generations. Bulking and yield testing can begin 

with sheep, constitutes the main farming ac- as early as the F5 generation. Information on 

tivity. Information on breeding material tested disease resistance iscollected as soon as lines are 

in this project is presented in Table 1. The table bulked for preliminary yield testing and 

shows an increase in the number of segregating thereafter in the following cycles in the Key 

populations in 1980/81 and 1981/82, due to the Location Disease Nursery. (KLDN) before 

large number rr crosses made earlier to create promoting the germplasm to international 

the germplasm pool. The number of segregating nurseries. Prior to distribution to national pro

populations is now decreasing. Our emphasis on grams, the most promising bulks and cultivars 

international nurseries continued, and i,- are tested in preliminary yield trials over 2 years 

1982/83 we began sending diverse sets of and three environments in Syria: Khanasser, 

segregating populations to the different barlev- Breda, and Tel Hadva, with average annual 

growing areas. We decreased our screening ac- rainfall values of 242, 275, and 325 mm, 

tivities after the two initial seasons (1978-80). respectively. The most promising cultivars are 

The large collections tested in the earlier years promoted to advanced testing over seven en

have been replaced by fewer lines being ex- vironments. These, in addition to the three en

amined more intensively for specific characters, vironments in Syria, are: Hindi Zitoun (230 

mainly disease resistance. mm) and El Kef (450 mm) in Tunisia; Terbol 
(650 mm) in Lebanon; and Athalassa in Cyprus 

The scheme of ICARDA's barley breeding (250 mm). 

Table 1. Number of lines in nurseries. segregating populations. and yield trials in the barley breeding program from 1978/79 
to 1983/84. 

Season 

Iypc of material 1978/79 1979/80 1980/81 1981/82 1982/83 1983/84 

Tel Hadya screening nurseries 13412 13496 3310 5361 2490 2325 
International nurseries (including 
selected segregating populations) 4,18 349 374 473 76 7a 785 

Segregating populations (Tel Hadya 
base program ) 13316 14412 22976 20030 18165 ll. .38 

Yield trials I 1078 1117 1188 1386 987 1239 

a. Different sets (ifsegregating populations began to be sent to different environments. 
1. Lines under initial yield testing are not represented in the ndmicis from 1978,'79 to 1982183. 



Table 2, Scheme of ICARDA barley breeding and testing procedures. 

Year Season 

Year I Spring
Summer 

Year II Spring 

Summer 

Year III Spring 

Summer 

Year IV Spring 

Year V Spiing 

Year VI Spring 

Year VII Spring 

Selection/testing 

Make the crosses 
Grow F1 generation 

generationF2 

F3 generation 

generationF4 

generationF5 

Preliminary testing 
of F5 bulks not grown 

in the previous summer 
nursery and later- 
generation bulks 

F6 generation 
Continued preliminary 
testing 

Beginning of advanced 
testing 

International testing 
in observation nurse-
ries. 
International testing 
in yield trial 

Sites 

Summer nursery site 

Full set at: Breda and 
Tel Hadya in Syria; 
Hindi Zitoun in Tunisia; 
15-20 subsetsfor: 
low-rainfall sites 

high-altitude sites 
high-rainfall sites 
Summer nursery site 

Full set: Tel Hadya 
in Syria; 

subset, Tunisia 
Summer nursery site 

Tel Hadya and, whenever 
possible, Khanasser or 

Breda in Syria. 

Cyprus and Tunisia as 
an observation nursery 

Tel Hadya, Syria 

Tel Hadya, Breda, and 
Khanasser in Syria; 
Terbol, Lebanon; 
El Kef, H. Zitoun in 
Tunisia 
50-80 locations mainly 
in the region 

50-80 locations mainly 
in the region 

Selection/testing strategy 

Single-plant selection based on 
agronomic and disease characte
ristics. 

Selection for photoperiod res
ponse and rust resistance. 

Selection among the families, 
then plants within the best 

families. 
Similar to F3 ; bulking of best 

families for replicated testing. 
Only agronomically desirable, 
disease-resistant lines that outyielded 

the long-term check, the local 
check, and the improved check are 
promoted to advanced testing. 
Preliminary testing in the 
disease nursery (4 sites in 
Syria.) 
Continued bulking of the best 
families; promotion to interna
tional testing of lines and 
cultivars that outyielded the 
checks and show resistance to 
the major diseases in the region. 
All lines are also included in 
the Key Location Disease Nursery 
(KLDN) for disease testing at 
key locations in the region 
where natural epiphytotics occur. 
The best lines in the region are 
promoted to international yield 
testing. 
Best lines tested in farmers' 
field variety and agronomic 
verification trials. 
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Table 3. Number of promising lines selected by national programs from ICARDA's barley international nurseries. 

Season
 

Country 1977/78 1978/79 1979/80 1980/81 1981/82 1982/83 Total 

Afghanistan 1 14 
Algeria 4 47 
Cyprus 20 37 68 
Egypt 42 29 7 
Iran 71 11 
Iraq 16 11 37 

Jordanl 70 66 120 

LebanonI 27 46 29 

Morocco 39 3 

Saudi Arabia 9 16 

Syria 1 61 132 29 

Tunisia I 20 66 

1. Countries where ICARDA has maintained closest contact. 

From the barley germplasm distributed by 
ICARDA, a large number of promising lines 
were selected by national programs from 1978 
to 1983 (Table 3). Better use was made of 
ICARDA germplasm in countries such as 
Tunisia where ICARDA was able to maintain 
closer cooperation. This indicates the need to 
improve contacts where they are at present in-
adequate. 

The mLin achievement in Syria has been the 
confirmation of the promising lines ER/Apam 
and Badia for Zone B (250-350 mm rainfall), 
WI 2269 and Harmal, both two-rowed, short-
season barleys, were promising in Zone C 
(rainfall 250nm). 1 

In Tunisia, the lines Roho, WI 2198, and 
Rihane confirmed their good performance in 
the drier areas of the country and are candidates 
for possible release to farmers there. ER/Apam 
continues to show suitability for northern 

1. Detailed information is provided in the 1982/83 

Farmers' Field Verification T tials Report, Cereals Im-

provement Program, ICARDA. 

38 12 65 
43 9 103 
12 23 31 191 

0 14 92 
65 49 146 
50 114 

35 124 13 428 

43 35 25 205 

38 5 19 104 
1 26 

69 65 21 377 

136 75 52 349 

Tunisia; its multiplication will start during the 
1983/84 season following its good performance 
in on-farm demonstratio' trials by the national 
seed distributing agency (Office du B16). 

The improvement in yields among the best 
performing entries in the advanced yield trials 
at Tel Hadya since the 1978/79 season can be 
seen in Table 4. It appears possible to improve 
yields in the -egion over the 1000 kg/ha average 
using the newer varieties and more appropriate 
production technologies. The Rihane sister 
lines, in particular, have maintained a con
sistently high yield over the past three crop 
seasons. Increased yield potential of most of the 
germplasm from which lines are selected and 
distributed to national programs is also evident 
when the results are considered over years and 
locations (Table 5). The local check mean yield 
has shown a 42% increase between 1978 and 
1983. The mean of the best 10 lines, however, 
has increased 73% over the same period in
dicating that the increase can be attributed in 
part to genotypic advances. These yield in
creases are paralleled by those obtained by 
c oea tina tinal pr o s e ie by 

cooperating national programs. Over five con
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Table 4. Highest yielding entries in the advanced yield trials in three growing seasons at Tel Hadya, 1980-83. 

Yield LSD % of 
Year Cross/pedigree (kg/ha) (5%) check' 

1980/81 Mari/CM67 5963 600 142 
CMB 72-140-8Y-IB-3Y-
IB-IY-OB 

Rihane2 5670 1006 135 
Harmal'S ' 2 5631 966 134 

1981/82 Bihane'S' 6533 700 155 
Sel, 2L-IAP-3AP-OAP 

As46/Pro 6366 1096 151 
AP, Sel. 

Rihane'S' 6294 618 149 
Sel, 12L-2AP-OAP 

1982/83 Cerise 7136 838 168 
Pro/Art 6661 664 156 

CMB 72-A-9-2L-IAP-OAP 
Rihane'S' 2 6577 666 155 

Sel, 12L-2AP-OAP 

1. 	The long-term check Beecher had an average yield of 4206, 4220, and 4254 kg/ha for 1980/81, 1981/82, and 1982/83, 
respectively. 

2. ICARl)A-developed germplasm. 

Table 5. Evolution in yield levels of advanced lines over 5years (1978-83) and two locations ('1el Hadya in Syria, and Terbol 
in Lebanon). 

Mean yield (kg/ha) 	 % change between 
1978/79 1979/80 1980/81 1981182 1982/83 1978 and 1983 

ltighest yielding line 4486 5234 5963 6533 7136 59 
Mean of the best 5 lines 3959 4260 5452 6280 6673 69 
Mean of the best 10 lines 3757 3960 5556 6075 6490 73 
Local check mean yield 3650 3641 3765 5060 5207 42 
Number of lines tested' 120 240 220 240 240 

1. Results are conbi ned over all adivanced yield trials grown at Tel Hadya station. Each trial tested 20 genotypes of barley. 

secutive seasons, the average yield of the best lines and a durum line are also included for 
five lines increased from 3400 to 4100 kg/ha in comparison. Data for the 1981/82 RBYT were 
the Regional Barley Yield Trial; the yield of the received from 34 locations. Entry No. 11, 
top-ranking line increased from 3500 to 4300 As46/Avt//Aths, had the highest mean yield 
kg/ha; while the long-term check maintained a over locations (4165 kg/ha), and ranked among 
relatively constant yield of about 3400 kg/ha the top 10 lines in 25 of 28 locations. ER/Apam 
(Table 6). ranked second and was among the 10 highest 

yielding lines at 25 locations as well, and had 
The Regional Barley Yield Trial (RBYT) ranked first in the RBYT of 1980/81. The 

generally consists of 20 barley lines and a na- triticale entries ranked 13 and 16, the durum 
tional check from each location. Two triticale entry ranked 24. There was a large genetic 
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Table 6. Yield (kg/ha) of the most promising genotypes in ICARDA region tested in the Barley Yield Trial during five seasons 

(1977-1982). 
1 

Seasons 

1977/78 1978/79 1979/80 1980/81 1981182 

Long-term check 
Best 5 lines 

3464 
3458 

3175 
3024 

3320 
3775 

3695 
4063 

3375 
3907 

Best line 3556 3150 4155 4345 4105 

LSD (5 1) 262a 144 152 195 186 

1. %leansare over 28, 24, 20. 23. and 18 locations, for the years 1977/78 to 1981/82; 24 genotypes were tested each year. 

Complete data for 1982/83 were not available at the time of writing the report. 

a. LSD calculated on the basis of 21 locations only. 

diversity for most of the agronomic characters even increased, with late sowing in cultivars 

studied. Moreover, each entry in the RBYT was that yielded the largest in late sowing (Table 7). 

resistant or moderately resistant to two or more Lines that produced smaller yields when 

diseases. Detailed discussion of the results ob- planted late had smaller kernels. The produc

tained over 34 locations is available in the tion of large kernels with late sowing thus seems 

1981/82 ICARDA Cereal International to indicate stress resistance. These results con-

Nurseries Report. firm those obtained in the 1981/82 season under 
similar management (ICARDA Annual Report 

The 1981/82 Barley Observation Nursery 1982), when large-yielding lines tinder late
planting stress were those which increased their(BON) consisted of 150 entries, with Badia as 


check every 20th entry. Entry numbers 10, 30, kernel weight.
 
50. 70. 90. 110, 130. and 150 were triticale 
lines. Data were received from 25 locations. 
Eight lines were selected at nine or more loca- Dual-Purpose Barleys (Grain and Graz
tions in the region indicating more outstanding ing) 
lines being generated for the future. The 
detailed summary of the agronomic and disease 
tra-ts of those eight lines is presented in Table 9 Barley is often grazed in the early stages of 

of the 1981/82 ICARDA Cereal International growth during the winter months in the North 

Nurseries Report. African and West Asian regions. Barley 
genotypes respond differently to this practice. It 

To supplement the information obtained at is important to assess the effect of grazing in
on new barleys to identify the plantlow-rainfall sitcs in Tunisia, Syria. and Cyprus tensity 


and to select for drought resistance in advanced charcteristics associated with recovery from
 

lines, a set of the advanced yield trials was sown grazing, and to assess barley genotypes for their
 

3 months late (around mid-February). The forage or dual-purpose (forage plus grain after
 

purpose of late planting is to expose the lines to grazing) potential.
 
heat and drought stres.,: luring kernel filling,
 
and to assess their resistan~ce to these stresses. During the 1982/83 season, 110 genotypes
 

Kernel weight w\'as generally maintained, or were evaluated. C 63, an improved barley
 



Table 7. Mean yield, protein percentage, and kernel weight of lines in the advanced barley yield trials planted in normal (1 Dec) and late (15 Feb) 
sowings. 

Yield (kg/ha) Protein (%) 1000-kernel wt. (g)
Entry______________ __ 

No. Line, cross, or pedigree Normal Late Normal Late Normal Late 

Lines yielding largest under late sowing 
803 Athos (A) 4983 4819 10.1 12.3 32.8 32.1 
905 Roho/Delisa 5561 4594 11.1 13.0 40.8 45.3 

ICB 77-166-5AP-OAP 
715 Arma (C) 4489 4533 9.4 12.1 32.9 36.5 
822 Kervana/Masurka 5175 4502 9.7 12.0 33.8 34.7 

ICB 77-369-2AP-OAP 
1005 WI 2349 5689 4277 10.2 12.9 44.4 45.1 

Lines yielding largest under normal sowing 
1011 Cerise 7136 3683 12.2 11.7 33.5 32.3 
4111 Rihane'S' 6577 4169 11.0 10.6 43.0 38.4 

Sel, 12L-2AP-OAP 
408 Rihane 6497 4002 10.7 11.5 42.8 37.2 
308 Bco. Mr/Mzq 6397 3827 10.0 11.6 39.8 35.8 

CMB 73A-33-3B-1Y-500B-OY 
317 WI 2197/Arahisehe 6317 4119 10.8 11.3 45.4 39.1 

ICB 77-42-4AP-OSH-OAP 
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Ex 11
 
Dual-purpose barleys are scored for regrowth vigor after simulated grazing (mowing). Border rows are left uncut. 

selection, was used as check. Genotypes were 1 = more than 80% of the grain and dry
grouped in yield trials. A randomized complete matter yield of the ungrazed treatments. 
block design with five replications was used. 2 = 60-80% of the grain and dry-matter yield 
There were three checks and 21 genotypes in of the ungrazed checks. 
each trial. Two replications were grazed and 3 = 40-60% of the grain and dry-matter yield 
the other three left ungrazed. The parameters of the ungrazed checks. 
measured were dry-matter yield at grazing 4 = 20-40% of the grain and dry-matter yield 
(grazing simulated by mowing at 5 cm above of the ungrazed checks. 
ground level in mid-February); tiller 5= less than 20% of the ungrazed grain and 
number/m2 prior to heading; number of dry-matter yield. 
spikes/in 2; tiller mortality (tiller number minus 
head number); recover), from grazing; and Genotypic differences in grain recovery and 
mature-stage total dry-matter and grain yield. grazed dry-matter production were used to 

separate forage, grain, and dual-purpose 
Recovery from grazing was judged visually barleys and to assess dual-purpose genotypes for 

by height and groundcover before maturity us- their grain and forage potential (Fig. 1). 
ing the following 1-5 scoring scale: Genotypes with larger grain yield but smaller 
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1.4- Grain yield types Dual-purpose types 
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Fig. 1. Identified grain, dual-purpose, and forage-type 
barleys, 1981182. In the three-digit numbers, the first digit 
indicates the trial number, and the second and third digits 
indicate the entry number. 

dry-matter yield than the experiment means are 

classified as grain types; those with a larger 
grain-and'dry-matter yield than the mean are 

classified as dual-purpose types; those with a 
larger dry-matter yield but a lower grain yield 
than the mean are classified as forage types. The 

genotypes below the mean for both characters 
are discarded. There was a reduction in grain 
and dry-matter yields following cutting; this 
was much smaller for dual-purpose genotypes 
than for forage types (Table 8). 

Collaborative Projects 

Collaboration with National Programs 

In Tunisia, a large collection of barley germ
plasm was screened in the 1982/83 season. A 
large number of promising cultivars were 

selected from ICARDA yield trials for the na
tional yield trials, while from the International 
Barley Yield Trial, Matnan, Rihane, ER/Apam, 
and Kervana/Masul were selected. Rihane and 
its sister lines as well as ER/Apam continued to 

do well over three widely differing en
vironments: Beja (650 rainfall, soilmm high 
fertility); El Kef (400 mm rnnual rainfall, 

soil fertility); and Hindi Zitoun in cen
tral Tunisia (230 mm annual rainfall, poor soil 
fertility). 

Cooperation with the Moroccan national 

program has been strengthened. ICARDA 

established nurseries at several sites differing in 
rainfall and altitude. Such research, along with 

the development of short-season barley in a 
frost-free environment (Cyprus), has helped the 
barley program select aIppropriate material and 
send different sets of germplasm for low-and 
high-rainfall and high-altitude sites. 

Collaboration with Centers in 
Developed Countries 

Studies on rooting habit and photoperiod/ 
temperature interactions of barley are being 
conducted in cooperation with the University of 
Reading with the support of a grant from the 
UK Overseas Development Administration 
(ODA). A grant from GTZ (German Associa
tion for Technical Cooperation) provides for 
varieties to be examined at Munich University 
for salinity tolerance. Screening, selection, and 
testing of Male-Sterile Facilitated Recurrent 

Selection Populations (MSFRSP) is being con
ducted in cooperation with Montana State 
University, USA. 

Component 2: Pathology 

In ICARDA region, barley is restricted to the 
lower-rainfall areas. These are not the highest 



Table 8. Classification of barley genotypes into grain, forage, and dual-purpose types at Tel Hadya, 1983. 

Grain yield Grain yield 
Entry after grazing ungrazed Grain I Dry-matter2 Tiller3 Head3 

2 
No. Line, cross, or pedigree (kg/ha) (kg/ha) index index No. m No. Im2 

Grain types: 

106 Comp. Cr.29 4458 4947 1.34 0.98 437 337 
120 Seed source 72-Sel. 3983 4844 1.20 0.80 313 350 
307 Gerbel (A) 4387 4627 1.29 0.84 610 460 
322 Arma 4183 4277 1.23 0.80 577 437 

Dual-purpose types: 
211 Rihane'S' 5429 6083 1.22 1.21 503 373 
214 Matnan 5241 5102 1.18 1.08 547 447 
216 Harmal'S' 4670 4572 1.05 1.05 780 617 
217 Assala'S" 4537 5408 1.02 1.02 486 420 

Forage types: 
105 Lignee 527 (Montpellier) 2470 3847 0.74 1.58 517 493 
208 WI 2197 4241 5038 0.95 1.34 767 520 
210 M69.69/Hja C4715//Tra/1038 3533 4688 0.79 1.28 640 483 

303 CM67/3/Apro//Sv.02109/Mari 2958 5130 0.87 1.31 483 480 

1. Grain index after grazing. 
2. Dry-matter index at the time of grm:zing. 
3. Taken in ungrazed plots. 

ft 
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risk areas for most diseases. Nevertheless, the 
following barley diseases are important in 
ICARDA region: powdery mildew (Erysiphe 
graminis), scald (Rhynchosporium secalis), 
yellow rust (Puccinia stiiformis), barley stripe 
disease (He!iinthosporiuin gramnincum), leaf 
rust (Pucciniahordei), and barley yellow dwarf 
virus (BYDV). 

Emphasis was placed on screening for 

resistance to yellow rust, leaf rust, and scald. 

Yellow Rust 

During the 1982/83 season a heavy epiphiytotie 
of yellow rust was created at Tel Hadya on the 
yield trials, nurseries, and germplasm plan
tings. Table 9 gives the number of lines which 
showed resistance (severity<5%). The higher 
percentages in the advanced and elite trials in-
dicate that selection was effective in the past 
years. Additionally, approximately 300 lines 
showing a moderate resistance (severity< 25%) 
were selected from all nurseries grown at Tel 
Hadya. These -will be retested in the 1983/84 
season at Tel Hadva and by CIMMYT in 

Table 9. Number of entries in the different barley yield 

trials showing yellow rust resistance (severity <5%) at Tel 
Jladya, 19 82/83a

. 

%of entries 
Trial Number tested 
Preliminary trial 21 4 
Advanced trial 16 6 
Elite trial 6 14 

a. Average severity at Tel Hadya was 77%. 

Ecuador and Portugal, where natural 

epiphytoLics of yellow rust occur regularly. In 
addition, 3000 entries from the USDA barley 
world collection were grown by ICARDA's 
germplasm unit at Tel Hadya and 70 of them 
showed resistance to yellow rust. 

Useful data on the performance of material in 
the Barley Observation Nursery 1982/83 
(BON-83) exposed to a high level of yellow rrist 
disease pressure were received from Santa 
Catalina in Ecuador (average severity 18%) 
and Quetta in Pakistan (average severity 18 %). 
The lines performing well at those two locations 
and at Tel Hadya (average severity 77%) are 
listed in Table 10. 

Table 10. Best-pcrforming lines for yellow rust resistance at three locations with a high average disease severity (Barley 
Observation Nursery 1982/83). 

Line name, cross, or pedigree 

BKF Magnelone/Iris 
Te 73-18-OAP 

Cam/Bl1/Piroline 
ICB 78-0603-5AP-0AP 

BKF Magnelone 1604/3/Apro// 
SV.02109/Mari 

CMB 77A- 1615-1AP-(SA-4AP-OAP 
CM67/U.Sask 1800//Pro/CM67/31CII3871 

ICB 78-0063-11AP-OAP 
Athos (B) 
Location mean 

1. MS = moderately susceptible: S = susceptible. 

Severity and reaction 1 

Tel Hadya Quetta S. Catalina 
Syria Pakistan Ecuador 

0 0 20 MS 

0 0 5 MS 

0 0 5 MS 

0 0 40 S 

5 MS 0 0 
77% 18% 18% 
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Scald Leaf Bust
 

A moderate level of scald infection was present Screening for leaf rust resistance at Tel Hadya is 

at Afrin, a high-rainfall location north of Alep- difficult because of the late appearance of this 

po, Syria. Around 20% of the tested lines were disease and the high incidence of yellow rust. 

resistant. Some screening was possible at Tel From outside Syria, valuable information on 

Hadya, but was hampered in later stages by ex- leaf rust resistance of the lines in BON was 

tensive yellow rust development. Until now rece-ved from France (average severity 18%), 

data on scald resistance have been received from It!-, (average severity 20%), Mexico (average 

the BON planted in Santa Catalina, severity 49%), and Ecuador (average severity 

Ecuadoronly. Lines showing resistance both in 7%). The lines performing well at these loca-

Syria and Ecuador are listed in Table 11. tions are listed in Table 12. 

Table 11. Entries showing resistance to scald both at Afrin Component 3: Agronomy 
in Syria and Santa Catalina in Ecuador (Barley Observa

tion Nursery 198283). Several trials were conducted at Tel Hadya and 

Linename, cross,orpedigrce Breda in Syria to determine the response of a 

Cq/Comtin//Apam/3/12410/Ciza 134 number of new genotypes to seed rate, fer
TH.U.48 tilizer, and grazing. 
As54/Tra//Cer/To143/A vtKi//Bz;4/V1 /5/ProI6/Minn 

480/Gv'a 
ICB 79-0562-1AP-0AP 

M69.69/[lja C4715//WA 2196.68 Response to Seed Rate 
CMSWB 77A-0045-1AP- IAP-OAP 

Roho/Delisa The aim of these experiments was to compare 
ICB 77-0165-2AP-2AP-OAP the response to seed rate for selected new 

Table 12. Best-performing lines for leaf rust resistance at four locations with a high disease severity (Barlcy Observation 

Nursery 1982/83). 

Severity and reaction' 

Line name, cross, or pedigree 
Montpellier 

France 
Rome 
Italy 

Obregon 
Mexico 

S. Catalina 
Ecuador 

As46/Avt//Aths 
ICB 76-0011-12L-2AP-0AP 

10 MR 5 NIS 5 MS 

Cq/Comun//Apaml/3/12410/Giza 
N-Ace 4000-301-81) 
Matnan'S" 

134 15 S 
5 MS 
0 

0 
0 
2 

15 MS 
10 MS 
5 MS 

0 
5 MS 
5 NIS 

Sel, IAP-2AP-4AP-0AP 
Roho/Masurka 

ICB 77-0169-4AP-2AP-OAP 
5 MR 210 MS 0 

1. Reaction type: MS = moderately susceptible: MR 
S = susceptible. 

= moderately resistant: 
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varieties of barley, possibly to be released in the 
region, with checks already grown in Syria. It is 
intended that these experiments should form the 
basis for future experiments in farmers' fie!ds 
prior to the release of new lines. The data in-
dicate that seed rates from 60 to 150 kgiha gave 
similar yields, but reducing the rate below 60 
kg/ha caused a loss in yield. There was no 
significant variety xseeding rate interaction. 

Response to Grazing 

Twenty lines of barley, some previously selected 
as forage types, were grazed by sheep and tested 
for dry-matter production at the tillering stage 
and for subsequent grain production. Based on 
2 years data, six barley varieties performed well 
(Table 13). In good seasons the grain yield after 
grazing for these varieties occasionally exceeded 
the ungrazed grain yield. This may have been 
due to increased tillering, reduced plant height 
and lodging, and delayed maturity which 
helped to avoid late frost damage. However, 
these observations need further validation. 

An experiment was also carried out to test the 
nitrogen fertilizer requirements of Arabi Abied 
and C 63 when grazed. Nitrogen was applied 
entirel.;, at sowing or split equally between sow-

ing and the time of grazing. In the cold condi
tions experienced earl) in the 1982/83 season, 
only the local variety Arabi Abied responded 
positively to applied nitrogen in dry-matter 
production at grazing time. For grain-yield 
production after grazing, both varieties 
responded positively to 50-150 kg N/ha. Where 
the crop was not grazed, the maximum response 
was to about 50 kg N/ha for Arabi Abied and 
50-100 kg N/ha for C 63. These relative 
responses confirmed the increased requirement 
for nitrogen of grazed crops found in previous 
experiments. 

The seed rates for maximum green-grazing 
and subsequent grain yields at Tel Hadva were 
a'.,o investigated in relation to sowing times 
(before and after the first rains). At the earl, 
sowing date (31 Oct) maximum dry matter was 
produced with 120 kg seed/ha for Arabi Abied 
and 240 kg/ha for C 63. With the later sowing 
date (1 Dee) dry-matter yields were less than 
half of those for the early date when grazed at 
the same chronological date. In general, max
imum dry-matter yields required about 240 kg 
seed/ha for both varieties wvhen seeded at the 
later date. For grain production the seed rate 
required for maximum yield was 60-120 kg/ha 
for both varieties and sowing dates. This implies 
that farmers should choose a seed rate depen-

Table 13. Dry-matter and grain yields of grazed barley varieties at Tel Hadya, 1981/82 and 1982/83. 

Dry-matter at tillering Grain yield after 
(kg/ha) grazing (kg/ha) 

Variety 1981/82 1982/83 1981/82 1982/83 

Antares 1357 899 3693 3303 
2762/Beecher-6L 1453 874 3751 3187 
Alger Ceres 1662 989 3406 3388 
Saida 1442 827 3969 3528 
Bco.Mr/Mzq 1453 865 3453 3255 
Windsor 1470 928 3646 3319 
C 63 (check) 1392 703 3871 3547 

LSD (5%) 159 183 785 244 
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ding on the value of green grazing compared to Work by the Farming Systems Program in 
the cost of extra seed. Grain yields after grazing 1983 indicated that green-stage grazing in the 
were about the same at the later sowing as the very dry areas such as Breda may severely 
ungrazed yields, reduce subsequent grain yield, and may be 

economically unprofitable, because of the high 
An additional experiment was conducted in value of grain. These observations point out the 

1982/83 at Breda (about 260 mm average rain- need for further study and evaluation of the role 
fall) to test combinations of variety, seed rate, of green-stage barley grazing throughout the 
and nitrogen rate on production of green graz- ICARDA region, especially in light of the 
ing and grain. In respect to green-stage dry economic and livestock-management con
matter, Arabi Abied and C 63 responded siderations. The agronomic work has shown 

significantly (P< 0.05) to 60 kg N/ha (Table 14), that crop management techniques can greatly 

but only at the higher seed rates tested (80 and affect the production of green-stage grazing and 
120 kg/ha). At all seeding rates both varieties subsequent grain yield. 
responded to this N rate with an increase in final 
grain yield. Both varieties responded with a 
significant (P< 0.05) increase in green-stage dry Response to Nitrogen 
matter to increasing seed rate, but only if 
nitrogen was supplied. Grain yield of Arbi At Tel Hadya three barley varieties were tested 

Abied did not respond to increasing seed rates, using three nitrogen rates and three ratios of 

but C 63 gave a significantly higher grain yield splitting (0/100, 50/50, and 100/0 at sowing and 
at higher seed rates, especially at higher N rates tillering, respectively). The responses of the 
oE, up to 80 kg/ha. Thus, the initial indication is varieties differed. The site was high in initial 
that 60 kg N/ha and 80-120 kg seed/ha should soil fertility, and nitrogen did not significantly 
result in green-stage dry-matter yields of about affect the grain yields of the improved varieties 
700-1700 kg/ha and grain yields of about Beecher and ER/Apam. In contrast, the grain 

600-1000 kg/ha under low-rainfall conditions yield of Arabi Abied decreased from 4300 to 
(Table 14). 3900 kg/ha (significant at P< 0.05) when more 

Table 14. Dry-matter and grain yield (kg/ha) of barley after grazing as affected by variety, seed rate, and nitrogen at Breda, 
1982/83. 

Dry-matter at grazing 
Arabi Abied C 63 

Seed rate N kg/ha N kg/ha 

(kg/ha) 0 60 120 0 60 120 

40 624 688 710 388 457 371 

80 814 1434 998 481 653 762 

120 952 1701 1183 526 837 820 

LSD (5%) 144 kg/ha 
Grain yield after grazing 

40 516 745 792 490 810 605 

80 361 648 805 514 1012 925 

120 371 554 712 572 999 1042 

LSD (5%) 133 kg/ha 
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than 60 kg N/ha was applied, due to extreme 
lodging. The yield reduction was greatest when 
all the N was applied at sowing. 

At Breda, following a fallow, where only 
Beecher was tested, the maximum grain yield 
with nitrogen applied all at sowing or all at 
tillering was about the same. However, only 20 
kg N/ha was required to attain maxin:um yield 
if it was applied at tillering, wherevs 40-60 
kg/ha was requied if it was all applied at .owing 
(Fig. 2). 

These experiments denonstrate the complcz 
interactions that may occur between land 

season, trogen rate, and 
r iratio

method of split nitrogen application. Further 
testing is needed to determine the effect of these 
factors as a basis for better recommendations of 
the economic amounts of nitrogen to apply at 
sowing and at tillering. 

Component 4: Grain Quality 

Routine Testing 

The number of harlev lines tested by the Cereal 
Quality Laboratory (CQL) during 1982/83 is 

presented in Table 15. Research was also car
ried out on the development of test procedures. 

Diastatic power determination. Evaluation of 
advanced material for potential malting quality 
was continued. The high negative correlation 
between diastatic potential (D)) and plump 
kernel count was verified, and coefficients of 
correlation exceeding -0.9 were observed for 
sonc series. As a result ()f the high coefficient of 
correlation for DP between locations, it was 
concltded that heritability of DP is high, and 
hence barley cultivars of high (or low) DP 
selected at one location will likely retain this 
characteristic at other locations, 

1600
" .o" o 

/15o

/_ ~ IN 33/67a
 
X / X" \ \
 

140 / 0/1008a\T
 
/1300- LSD (5%) 

0 20 40 60 

Nitrogen applied (kg/ha) 

a. Percent Napplied at sowing/tillering. 

Fig. 2. Grain yield response of Beecher barley to rate and
 
(sowing/tillering) of nitrogen fertilizer at Breda,


1982183. 

Table 15. Tests carried out on barley lines, Sept 1982 -Sept
 

1983.
 

No. of lines 
Test tested 

Protein 1861
 
1000-kernel weight 1861
 
Hardness 155
 
Particle size distribution 456
 
Diastatic power 148
Total tests 4481 

Cereal Quality Nursery (CQN) 

The CQN has been grown for three seasons 
(1980-1983). It is a vehicle for investigating the 
intereactions between environmental factors 
and quality characteristics. Data from the 1983 
season across nine locations indicate that several 
parameters appear to l)e closely associated with 
the genetic constitution of the cultivars, and 
may therefore be regarded as suitable for 
screening in an evaluation program (Table 16). 
In barley, kernel weight, plump kernel count, 
and diastatic potential are highly heritable. 
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Table 16. Influence of growing location on quality 
parameters in barley. 

Correlation 

Parameter coefficient 1
 

Protein 0.05 
Kernel weight 0.9,* 
Plump kernels 2 0.72 
Small kernels 3 0.63 
Diastatic potential 0.85 

1. Average coefficients of correlation between test data of 
10 cultivars grown at nine locations. 
2. Proportions of kernels retained by 2.8 + 2.5 mm screens. 
3. Proportions of kernels passing through 2.2 mm screen. 

Component 5: Entomology 

As in previous seasons most emphasis in barley 
entomology i 1982/83 was on the search for 
sources of resistance to wheat stem sawfly and 
aphids. Surveys on the incidence of scale insects 
in Syria were conducted. 

Resistance to Wheat Stem Sawfly 

Screening for resistance to this insect was con-
ducted at Suran under natural infestation and 
at Tel Hadva under artificial infestation. The 
results are summarized in Table 17. In both 
places the genotypes Deir Alla 106, TH. U. 48, 
Europa, 80/5116, TH. U. 32, and 

Choyal/M64-76-CMB 73-225-1Y-1B-3Y.,1B
1Y-0B showed very low infestation levels 
(0-1.7%). 

Resistance to Cereal Aphids 

Out of 81 lines tested in 1982/83, none was 
found to be resistant to cereal aphids. 

Incidence of Scale Insects in Barley 

A survey of scale insects affecting barley in Syria 
was conducted. Two major species were 
recorded: Porphyrophora tritici Bod. in most 
barley- and wheat-growing areas and P. 
polonica (L.) restricted to the Raqqa region. P. 
tritici infestation varied widely from less than 
25% of the plants infested with less than 0.5 
nymphs/plant to more than 75% of the plants 
infested with more than 3.0 nymphs/plant. The 
highest infestations were found in the Hama-
Homs region. P. polonica preferred barley and 
was a very serious pest of this crop. It is 
estimated that in the Raqqa area infestations of 
more than 50 nymphs/leaf affected between 
30,000 and 40,000 ha of. barley. The observa
:.3,,s indicated that the lack of rotation in this 
part of Syiia is the most important factor favor
ing the build-up of populations of this insect. A 
report suggesting some control measures was 
produced and submitted to the Syrian national 
program. 

Table 17. Screening of barley lines for resistance to wheat stem sawfly at Suran and Tel iladva, 1982183. 

No. of lines tested % infestation No.of promising lines 
and range of in the check and range of 

Location % infestation (Arabi Abied) % infestation 

Suran 81 ( 0-35.0) 15.7 6( 0- 1.7) 
Tel lladya 81 (1.1 - 16.7) 10.0 6(1.1 - 1.7) 
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Project II: Durum Wheat 
Improvement 

The total durum wheat acreage is approx

imately 20 million hectares (Srivastava, J.P. 
1983. Durum wheat-its world status and 
potential in the Middle East and North Africa. 

RACHIS 3: 1-8). Nearly 60% of the durum 
acreage is found in the developing countries, 
four-fifths being in North Africa and the Middle 

3). In Algeria, Jordan, Morocco,East (Fig. 
Syria, and Tunisia two out of every three hee
tares planted to wheat are occupied by durum 
wheat (Fig. 4). But durum wheat yields in 
North Africa and the Middle East are low, and 
production is lagging considerably behind con
sumption requirements. 

In North Africa and the Middle East, durum 

wheat is grown in the 300-500 mm rainfall 
zone. The area is characterized by unpredic
table and scanty rainfall, and hot, dry summers. 
Most of this area is still sown to either in-
digenous local cultivars or selections from them. 
Successful varieties must possess resistance to 
environmental stresses and various diseases and 
insects. 

Component 1: Breeding 

To meet the needs of moderate- to low-rainfall 
areas, this project aims to develop germplasm 

and production technologies that would in

crease yield dependability in poor Nears while 
exploiting the environment during favorable 

years. The project aims to achieve these objec-

tives by identifying parental material with 
tolerance to specific stresses prevalent in the 
region. Superior parental lines are then corn

bined, and the early-generation populations are 
exposed to stress environments to identify and 

Id a n 

Fig. 3. Regions in the developing world where durum 

wheat isgrown. 
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Fig. 4. Estimated area under durum wheat, and the pro
portion of all wheat which isdurum, in the major durum

growing countries in North Africa and the Middle East. 
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select superior gene combinations under these Durum Wheat Line Waha Released as 
conditions. In early-generation screenings, fer- 'Sham P> in Syria 
tility and other management factors are kept at 
a moderate level to allow adequate gene ex- After 4 years of testing and evaluation in 
pression. In the F4 , F5, and advanced genera- research plots on farmers' fields throughout 
tions, emphasis is placed on carefully selected Syria under the collaborative research program 
sites for multilocation testing in the region. between the Syrian Ministry of Agriculture and 

Lines selected from these key locations are then Agrarian Reform and ICARDA, the durum 
distributed to national programs through the wheat line Waha has been approued by the 
internationl nursery system. Data and germ- Syrian variety release committee. The commit
plasm from national programs are an intergral tee gave the line the name Sham 1. The line is a 
and important component of the durum im- derivative of a cross made in CIMMYT, Mexico, 
provement strategy at ICARDA. and its full name and pedigree is 

Sham 1, the ncw durum wheat line, has heen approved for rclease by the Syrian Ministry of Agriculture. 
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Plc'S'/Ruff'S'//Gta'S'/Rtte, CM 17904-B-3M-
1Y-1Y-OSK. It was identified by ICARDA as a 
promising line through yield tests in Lebanon 
and Egypt, and was extensively evaluated in the 
region through ICARDA's international nursery 
system. It was con.istently among the highest 
yielding entres in the region. Waha is resistant 
to stripe rust (Puccinia striifornzis) but it has 
shown some susceptibility to bunt (Tiiletia 
spp.). However, this will be controlled by seed 
treatment. A summary of the yield performance 
of Sham I in farmers' fields is presented in Table 
18. 

Durum Wheat in Farmers' Field 
Verification Trials in Syria 

In collaboration with the Directorate of the 
Agricultural Research Centre of the Syrian Arab 
Republic, a number of durum lines are tested 
under farmers' field conditions annually. The 
testing sites cover each of the major agricultural 
zones in which durum is grown (irrigated, Zone 
A, over 350 mm rainfall; Zene B, 250-350 mm). 
The most interesting aspect of the results for 
1982/83 was the excellent performance of two 
newly entered genotypes, Scbou and Korifla. 

Sebou outyielded the other tested lines at almost 
all sites under irrigation and in Zone A. Korifla, 
which was only tested in Zone B, outyielded the 
other entries there, immediately followed by 
Sebou. Both entries are being tested again in the 
1983/84 trial, to which three more newly 
developed lines, Belikh, Qattina, and Khabur 
have befn added. 

Performance of Durum Wheat Lines in 
the Region 

Promising lines from the breeding programs are 

distributed in international nurseries to 

cooperators in national programs, primarily in 
the region, to provide them with diverse germ
plasm for their evaluation and use. The national 
piograms provide the information to ICARDA, 
where the data are summarized. The combined 
results from all locations are reported back to 
the cooperators. 

Regional yield trials. Yield data for the Regional 
Durum Yield Trial 1981/82 (RDYT) and the 
Regional Rainfed Durum Yield Trial 1981/82 
(RDYT-Rf) were received from 23 and 17 loca-

Table 18. Yield performance (kg/ha) of Sham I compared to Gezira 17 and Ilaurani in field verification trials under irrigated 
conditions, Zone A (>350 mm), and Zone B (250-350 mm) in Syria, 1979-83. 

Irrigated 
Variety 1979/80 1980/81 1981/82 1982/83 Average 

Sham 1 4080 5904 4116 5296 4849 
Gezira 17 3383 5415 3546 4423 4192 

LSD (5%) 461 149 191 958 
Zone A 

Sham 1 3384 3023 3192 2824 3106 
Gezira 17 3217 3066 3181 2819 30"1 

LSD (5%) 332 552 480 275
 
Zone 13
 

Sham 1 2731 2573 2196 2066 2392 
Haurani 2260 1992 2032 1852 2034 

LSD (5%) 400 330 691 253 229a 

a. Based on pooled S2. 
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tions, respectively. For both trials the yield 
performance of the best of the 24 entries are 
summarized in Tables 19 and 20. In RDYT-Rf 
the triticale line Drira Outcross was the highest 
yielding entry. Several new durum entries per-
formed well but their yield was not significantly 
higher than the improved durum line Sahl in 
RDYT-Rf. However, in the RDYT, high rain
fall, two durum wheat lines significantly 
outyielded the national checks in 16 of 23 loca-
tions, these lines were also significantly higher 
yielding than the national check in the overall 
combined analysis, 

Observation nurseries. The observation 
nurseries provide a vehicle for an initial screen-
ing of promising advanced lines at the national 

program testing sites, by national program 
staff. Data from the Durum Observation 
Nursery-Irrigated (DON-IRR) and Durum 
Observation Nursery-Rainfed (DON-Rf) for the 
1981/82 season are presented in Tables 21 and 
22. The 1982/83 data are currently being col
lected and processed. 

In both nurseries, several of our lines were 
selected more frequently than the regional 
checks. Detailed tests from a few of the sites in
dicate that at least some of these lines have 
equal or superior grain-quality characteristics. 
Disease infestations were relatively low, but 
further testing is needed to verify resistance in 
these lines. 

Table 19. Performance of the largest yielding entries and the improved check Sahl in the Regional Durum Yield Trial Rainfed 
1981/82 (Data from 17 locations). 

Entry 


Drira Ootcross (triticale) 

Sahl (regional check) 

National check 

Nursery mean yield 


LSD (5%) 

CV (%) 


Average yield 
(kg/ha) Rank F1 N2 

4179 
3579 
3663 
3562 

192 
17 

1 
11 
7 

14 
8 
8 

14 
10 

1. Number of locations where the line was among the 10 highest yielding entries. 
2. Number of locations where the line wa i superior to the national check. 

Table 20. Performance of the largest yielding durum wheat entries and the improved check Waha in the Regional Durum 
Yield Trial 1981/82 (Data from 23 locations). 

Average yield 
Entry (kg/ha) Rank F1 N2 

Waha (regional check) 
jo/Rabi'S' 
Mal'S' 

4772 
4697 
4627 

1 
2 
3 

17 
14 
16 

14 
16 
16 

National check 4356 9 11 
Nursery mean yield 

LSD (5%) 
CV (%) 

4377 
200 

16 

1. Number of locations where the line was among the 10 highest yielding entries. 
2. Number of locations where the line was superior to the national check. 
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Table 21. Agronomic anddisease data of the most frequently selected lines in the Durum Observation Nursery for irrigatedsites (DON-IR), 1981/82. 

Entry Protein Vitreous 1000-kernel ACI 
No. Line FR DH DM Ht (%) (%) weight (g) YR LR SR PM ST 

23 Plc'S'l/Salti Autma/Hiti/3/ 
Fg'S'/4/Mexi 75 
CD 16895-A-3M-2Y-5M-OY 12 126 178 82 12.2 82 52.5 6 3 q 2 0 

58 Gta'S'/TC 60//Mexi'S' 
CD-4853-E-1Y-!.,PX-Y 12 130 179 82 14.0 96 51.4 2 5 4 3 0 

22 Stk'S'/Gta'S' 
CD 12935-1L-IAF-OAP 11 128 178 78 14.2 93 42.8 1 3 3 4 0 

83 Dack'S'/Kiwi'S' 
CD 15647-3M-Y-2M-0Y 11 133 179 87 13.7 91 46.5 0 5 12 3 0 

88 Oyca'S'IMagh'S'IlRuffS'IFG'S' 
CD 16913-13-2M-2Y-3M-3Y-OM 11 131 180 80 14.1 95 40.3 1 3 0 4 4 

Waha (regional check) 5 130 177 82 15.0 97 40.0 0 9 2 6 0 
Stork (regional check) 3 125 179 85 13.0 93 47.0 3 8 1 3 0 

FR = number of locations where the entry was selected as promising, based on visual evaluation of agronomic type and disease resistance; DH = days 
to heading; DM = days to maturity; Ht = plant height (cm); Protein (%) = kernel percentage protein; Vitreous (%) = percentage of kernels that are 
completely free of yellow-berry; ACI = average coefficient of infection (lower numbers indicate resistance and low disease severity at the sites used, 
0-100 scale); YR = yellow rust; LR = leaf rust; SR = stem-rust; PM = powdery mildew; ST = Septoriatritici;PM and ST resistances were scored on a 
0 (resistant) to 9 (susceptible) scale. 



Table 22. Agronomic and disease data of the most frequently selected lines in the Durum Observation Nursery for low-rainfall sites (DON-Rf), 1981182. 

Entry Protein Vitreous 1000-kernel ACI 
No. Line FR DH DM Ht (%) (%) weight (g) YR LR 

45 Indus 
ICD 77.81-3AP-OSH-OAP 11 118 179 77 13.7 86 42.9 4 7 

62 Jo'S'/Cr'S'//USA 06179/3/Jo'S'/Gr'S" 
CD 10579-F-6M-1Y-4M-0Y 11 120 178 76 13.8 93 42.8 1 4 

48 SO 179*2/Durum 6/3/21563/AA'S'/Fg'S" 
CD 20626-1AP-2AP-1AP-OKE-OAP 10 129 188 79 12.2 77 51.8 0 5 

53 Frigate'S' 
CM 17904-B-3M-1Y-IY 10 117 179 77 14.0 99 43.6 3 9 

85 Ful'S" IFg'S'13IOycaI/RuffS'IFg'S' 

CD 17305-A-5M-1Y-1M-0Y 10 120 179 76 13.2 98 43.9 1 7 
96 Fg'S'IJo'S'I3/Gu'S'I/61-130/Lds 

L86-6AP-IAP-1AP-OAP 10 120 179 82 2 5 
98 Swan'S' 

CD 16707-E-1M-2Y-5M-OY 10 120 178 76 12.9 82 44.7 2 5 
Haurani (regional check) 2 125 181 79 13.4 80 47.0 5 7 
Sahl (regional check) 6 119 179 76 12.0 92 44.0 1 8 
No. of locations reporting 19 12 10 15 3 3 3 5 3 

FR = number of locations where the entry was selected as promising, based on visual evaluation of agronomic type and disease resistance; DH = days 
to heading; DM = days to maturity; Ht = plant height (cm); Protein (%) = kernel percentage protein; Vitreous (%) = percentage of kernels that are 
completely free of yellow-berry; ACI = average coefficient of infection (lower numbers indicate resistance and low disease severity at the sites used, 
0-100 scale); YR = yellow rust; LR = leaf rust. 
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Advanced Durum Yield Trials 

Selected, sufficiently homogeneous lines from 
advanced generations (F5 onward) are entered 
into yield testing trials. The first testing is in a 
nonreplicated Initial Durum Yield Trial (IDYT) 
arranged in an augmented design. The best 
yielding lines with acceptable disease and insect 
resistance and good grain quality are promoted 
to the Preliminary Durum Yield Trial (PDYT) 
which is arranged as a randomized complete 
block design in three replications with plot size 
of 3 M . The best entries from the PDYT are 
tested in the next season in the Advanced 
Durum Yield Trial (ADYT), which is arranged 
in the same design as the PDYT except for a plot 
size of 6 m2 . 

All these yield trials are planted under two 
environments at Tel Hadya: 

SIR: Supplementary irrigation (approx. 450 
mm precipitation simulated, 100 kg N/ha, 
and 50 kg P20 5/ha), and 
Rf: iRainfed condition (approx. 350 mm an-
nual precipitation, 40 kg N/ha, and 40 kg 
P20 5/ha). 

The ADYT is also planted early (EP) in mid-
October in addition to- the normal planting 
date, mid-November, to obtain information on 
the frost tolerance of the entries. The trial is also 
planted at Terbol, a station in the Lebanese 
mountains, with higher amounts of annual 

rainfall (about 650 mm) and good fertility. 
These environments were chosen to enable 
simultaneous selection for yield potential and 
disease resistance (SIR, EP, and Terbol) and for 
the ability to cope with moderate drought stress 
and low fertility (Rf). Thus, inclusion of an en
try in the international nursery is based on its 
performance over 3 years at several locations. 
Table 23 presents the yield performance of two 
ADYT entries in 1982/83 and the performance 
of these lines in the 1981/82 PDYT. Entry 117 
can be characterized as a yield-stable, large
yielding line tinder poorer (Rf), fair (SIR), and 
favorable crop-growing conditions (Terbol). 
Entry 607 is a typical representative of the 
group of lines that do well tinder favorable 
conditions, but are unable to cope with the 
stress that occurs in the Rf environment. Selec
tion tinder improved conditions only would not 
have enabled a distinction to be made between 
entry 117 and entry 607. In a program that aims 
to develop germplasm for a rcgion such as the 
Middle East and North Africa, where annual 
precipitation fluctuates dramatically, the pro
cedure of yield testing under several en
vironments seems very useful. 

The performance of the local check Haurani 
over several years in the ADYT is another ex
ample of differential performance of genotypes 
across environments. Data from the Rf and SIR 
trials over 4 years (1979-1983) indicate that the 
mean increase in yield of the test entries in the 

Table 23. Yield performance and yield consistency of two contrasting lines in yield tests in 1981182 and 1982/83. 

Entry rank 

Yield (% of ltaurani) (out of 259 entries) 
Entry Environments 1 Environments 
No. Rf 

117 ADYT 82/83 136 
PDYT 81/82 124 

607 ADYT 82/83 103 
PDYT 81/82 98 

1. Rf = rainfed; SIR = supplementary irrigation: T) 

SIR Th Rf SIR Th 

128 129 2 18 34 
144 1 12 
129 143 202 113 11 
150 217 1 

= Terhol. 



SIR environment as compared to the Rf en-
vironment was much greater than that* of 
Haurani (1300 kg vs 500 kg, respectively). 
Lodging was a frequent problem for Haurani in 
the SIR trials. 

Preliminary Durum Yield Trial 

In the Preliminary Durum Yield Trial (PDYT) 
1982/83, 1176 entries were tested under SIR; of 
these 483 were also tested under Rf conditiors. 
Based on their yield performance, disease 

resistance, grain quality, crop duration, frost 
tolerance, and general plant type, the best lines 

were promoted for further evaluation in ADYT. 

Segregating Populations 

The segregating families were planted under the 
two management practices, Rf and SIR, to 

observe their potential under moderate stress 

conditions and to obtain information on disease 
resistance and agronomic characters under 
more favorable conditions. In general, those 

entries were selected that did well under both 

environments. However, line: that excelled 

under moderate management conditions but 
conditionsfavorablepoorly underperformed 

were selected as well. As many as 741 entries in 

to were selected for inclusion in theF 4 F6 

1983/84 yield trials. 

Germplasm Development 

Crosses were made to develop high and consis-

tent yielding genotypes for the prevailing 

durum wheat growing environments in the 

region. Evaluation of germplasm at Tel Hadya 

and in the international yield trials and obser-

vation nurseries revealed several genotypes with 
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desirable characteristics, and these have be;n 
included in the crossing program for recon
binatiii of the positive traits. 

The purpose and the nimber of crosses made 
in 1983 are shown in Table 24. Emphasis is 
placed on incorporation of such characters as 
disease resistance, earliness, grain quality, and 

stress tolerance into locally-adapted, high
yielding lines. 

Table 24. Durum wheat crossing program in 1982183 

season, purpose, and number of crosses made. 

Aimsof rcominatonsNo. of crosses 

High yield x earliness 160 

High yield x earliness x cold tolerance 163 

High yield x multiple disease resistance 239 
High yield xre.istance to three rusts 340 

High yield x leaf rust resistance 22 

High yield xstem rust resistance 23 

High yield x yellow rust resistance 52 

High yield x Septoria tritici resistance 58 

High yield x bunt resistance 20 
High yield x drought resistance 33 

High yield xcold tolerance 45 

High yield x national varieties 101 
High yield x hessian fly 24 

nitrogen efficiency 54HighHigh yieldyield xx nutritional and 
technolgica uality 101 

Germplasm Evaluation 

In the 1981/82 season, 14,452 durm wheat ac

cessions obtained from international germplasm 

collections were tested for agronomic 

characters. Of these, 165 entries with the best 

agronomic traits were grown in an observation 

nursery in the 1982/83 season. The top 13 of 

these 165 lines have been included in a 

preliminary yield trial and in the crossing block 

for 1983/84. 
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Stress Tolerance 

Identification of drought tolerance in durum 
wheat. The 336 lines that constituted the ADYT 
were evaluated for their relative drought 
tolerance in the 1982/83 season by (1) visual 
evaluation at locations with different amounts 
of rainfall, including Tei Hadva under sup-
plementary irrigation(approx. 450 mm;): Tel 
Hadya-rainfed (approx. 350 mm). Breda (ap-
prox. 275 mm), and Khanasser (approx. 240 
rm); and (2) planting very late (February) at 
Tel Hadya ader rainfed conditions, to expose 
the late growth stage of the plants to heat. 
Forty-seven lines were selectedi at both Breda 
and Khanasser. Segregating populations were 
also grown at Breda. Selected plants were ad
vanced to the next generation, following the 
bulk method. 

Identification of frost tolerance in durum 
wheat. The 336 lines of the ADYT were also 
grown as a yield trial under early planting (EP). 
Early planting advances plant growth and 
hence the plants are more frost-vulnerable at 
the time when the frosts normally occur and 
better selection can be carried out. Haurani was 
used as a cold-tolerant check and Sahl as a 
cold-sensitive check. Table 25 shows the fre-
queney distribution for frost tolerance on a 1-9 
scale. Eleven lines scored equal to, or better 
than Haurani for frost tolerance. 

Selected segregating populations were also 
planted early to screen for frost tolerance. The 
frost-tolerant plants were selected and bulked. 

Table 25. Frost tolerance in advanced durum wheat germplasrr. 

Fro,. 
1 2 3 

Number of entries 0 1 10 
Positions of checks Haurani 

Identification of salt tolerance in durum wheat. 
Lines that were visually superior when grown in 
a saline, dry, lakebed nursery at Hegla, Syria, 
were further evaluated tinder the same condi
tions in 1982/83. Screening for salinity 
resistance will continue with the testing, of some 
60 local laidraces and collection accessions of 
durum wheat in 1983/84. Derivatives of crosses 
in which at least one of the parents was suppos
ed to have salt tolerance are also planted at the 
salt lake, to develop salinity-tolerant popula
tions. 

Selection for Grain Characteristics in 
High-Yielding Lines 

In durum wheat the quality of the grain is 
crucial for farmer acceptance. Large, vitreous 

kernels are preferred. The local variety Haurani 
has good grain characteristics in terms of 
vitreousness (i.e., absence of mottling of the 
grains) and protein content, but the grain size is 
medium, and the v'old performance rnder im
proved crop-growing conditions is poor. Since 
management practices and crop-growing con
ditions influence the expression of the quality 
characters of the grain, it is necessary to select 
under conditions that discriminate well bet
ween high- and low-grain quality lines. Selec
tion for high yield potential should be achieved 
without sacrificing grain quality. 

For the 336 entries in the ADYT, grain 
samples were taken from the five management 
pr.ctices at Tel Hadya, i.e., early planting 

tolerance scale 1 

4 5 6 7 8 9 
28 76 82 94 37 8 

Sahl 

1. 1-3: good frost tolerance; 4-6: medium frost tolerance; 7-9: low frost toleran.e. 



(EP), supplementary irrigation (SIR), rainfed 
(Rf), late planting (LP), and unfertilized but 
receiving supplementary irrigation (ON). These 
samples were analyzed for 1000-kernel weight, 
protein content, and percentage vitreousness. 
Yield data obtained from Tel Hadya (EP, SIR, 
Bft; and Terbol (Lebanon) were usec' to assess 
t :e yield potential of the lines. 
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Fig. 5 illustrates that of the five management 
practices, ON was the most effective in selecting 
against susceptibility to mottling of the grains. 
It appears that a nursery grown under sup
plementary irrigation but without nitrogen 
application is useful to enable selection for lines 
with constant and high grain quality. 

Simulated Environments: 

EP = early planting. 
= SIR supplementary irrigation, N fertilizer
 

RF = rainfed
 

LP = late planting 
ON = low N fertility but with irrigation. 

Nin IN/11 i 

0 20 40 60 80 100 

Percent vitreous kernels 

Fig. 5. Frequency distribution of the percentage of vitreous kernels of 336 lines in the ADYT, tested under five simulated en
vironments at Tel Hadya. The average value for the check Haurani is indicated by an arrow. 
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Table 26. Average yield performance and grain quality characteristics of nine ADYT entries with superior grain quality to 
Haurani. 

Average Average 
ADYT Average 1000-kernel Vitreousness3 yield 
en'ry No. %protein I weight 2 (%) (kg/ha) 4 

209 14.6 45.7 99 4617
 

210 14.2 46.0 100 4751
 

407 15.0 45.7 99 4466
 

411 15.0 46.2 100 4307
 

1119 14.2 45.4 98 4559
 

1307 14.2 46.3 98 4522
 

1417 14.5 44.6 
 95 4592
 

Haurani 14.8 42.5 93 3880
 

LSD (5%) 0.7 2.1 376
 

1.Five environments; 2. Five environments; 3. One environment; 4. Four environments. 

Average grain yield and quality 

characteristics of nine entries from the ADYTs 

were compared with Ilaurani (Table 26). Seven 

entries were found that combined significantly 

higher 1000-kernel weight and yield than 

Haurani and had the same level of protein con

tent. 

Component 2: Pathology 

Compared to bread wheat, durum wheat is 

grown in areas that are less favorable for the 

development of some diseases. However, yield 

losses due to diseases in these areas are still quite 

extensive. In addition, further improvement of 

the yield potential of durum will extend its 

growing area into more humid regions in the 

future. Therefore, breeding for disease 

resistance receives a high priority in our 
dttrum-breeding program, 

for resistance breeding in 
Priority diseases 

durum wheat are: vellow rust (Pccinia 
blotch (Septoria

striiformis), septoria leaf 

tritici), leaf rust (Pucciniarecondita), stem rust 

(Puccinia gram iis), tan spot (Hel hi-
buntthosporium tritici-repetis), common 

(Tilletia caries; T. joetida), and bacterial leaf 

streak (Xanthomonastransluscens). 

Yellow Rust 

As in bailey, artificial inoculation method was 

used to create a yellow rust epiphytotic at Tel 

Hadva for effective selection for resistance. A 

spontaneous yellow rust epiphytotic occurred in 

Marac, a location in the high-rainfall region 

north of Aleppo, where the Key Location 

Disease Nursery was also planted. In this 

nursery all entries in the preliminary and ad

vanced yield trials are included. Table 27 shows 

the number of entries that exhibited resistance 

both at Marac and Tel Hadya. 

Table 27. Number of entries in the different yield trials 
showing resistance to yellow rust both at Tel lladya (ar
tificially inoculated) and Marae (natural infection), 
1982/83. 

% of entries 
TrialNumber testedTrial 

Durum Preliminary Yield 
Trial 33 10 

Durum Advanced Yield Trial 31 6 



From the Durum Observation Nursery, data 
on yellow rust resistance were received from the 

following six locations: Tei Hadya, Syria 
(average severity 6%); Afrin, Syria (average 
severity 6%); Marae, Syria (average severity 

26%); Terbol, Lebanon (average severity 3%); 
everity 9%); and

Elvas, Portugal (average 


Sevilla, Spain (average severity 6 %). 


Of 124 entries, 25 showed good resistance to 

yellow rust at all six locations. Of these 25 lines, 

six also showed adequate resistance to leaf and 
stem rust ai other locations (Table 28). 

Septoria Leaf Blotch 

Septoria blotch is a serious disease especially in 

the North African courtries. During the 
1982/83 season, screening for resistance was 

carried out in artificially inoculated nurseries 
planted in Afrin in the high-rainfall region 
north of Aleppo. Of 100 entries in the Durum 

Septoria Nursery 1982/83 selected from the 

KLDN 1981/82 in Tunisia, only four showed a 

reasonable resistance against the Syrian isolates 

used in Afrin (Table 29). Thus, the diffe:enee in 

virulence between the pathogen populations in 

North Africa and Syria is clear. The Durum 

Septoria Nursery 1983/84, consisting of 150 en

tries selected at Afrin from all nurseries planted, 
will be tested in Syria and Tunisia by ICARDA 
staff and in Portugal by CIMMYT staff. 

During 1982/83, 58 crosses were made for 
septoria blotch resistance. The Fls were grown 
in ICARDA's summer nursery in Shawbak, 
Jordan. The F2s are now planted at Tel Hadya. 
A permanent low-volume irrigation system has 
been established to create a favorable environ-
ment for disease development. Resistant F3 

populations will be sent to Tunisia and Por-
tugal. It is hoped that this methodology will 
develop lines with broad-based resistance to 
septoria blotch, 
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Table 28. Entries in Durum Observation Nursery 1982183 

showing resistance to yellow, l.-f, and stem rusts. 
Entry 

No. Line 

4 Stk'S'/Cit'S' 
Pen'S' 

13 

18 

66 

78 

CD 19858-B-2Y-IM-OY 
D.dwarf S15ICr'S'/3/Plc/CvIJord119 

lCD 77.0021-5AP-OSH-OAP 
Jo'SCr'S'/IUSA 06179/3Jo'S'IGr'S" 

CD 10579-F-6M-IY-4M-0Y 
Gs'S'/IS15/Cr'S' 

CM 18694-22Y-1Y-0Y-0KE-IB 
Kif'S'IIRuff'S'IFg'S' 

CD 12781-5Y-4M-IY-lM-0Y 

Table 29. Lines resistant to Septoria tritici in Tunisia 

(198118:) and Syria (1982/83). 

Dack'S'/Rabi'S' 
CD 12498-6Y-7M-1Y-M-2Y-OM 

Plc'S'/Cr'S'//Rabi'S';Blt 
ICD 77-0148-5AP-6SH-OAP 

Snipe'S'//Amareleja/Haynaldia 
ICD 77-0216-1OAP-2SH-OAP 

Gdo 548/Ato'S'/3/Kranich'S'/T.dur.T.carthilicium
CD22564-A-IAPOAP 

Leaf Rust 

Data from the KLDN 1982/83 planted in Taiz, 
Yemen, a location with exceptionally high 
disease pressure, resulted in identification of 
only five durum lines (0.2%) with complete 
resistance (compared to 45% of the entries in 
the bread wheat KLDN grown at the same 
location). During the coming season more at
tention will be given to screening for leaf rust 
resistance by planting a large set of germplasm 
at Lattakia and Sarghaya in Syria where 
favorable conditions for leaf rust development 
exist. 
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Bacterial Leaf Streak 

In past years there have been restricted out-
breaks of this disease in Turkey and northern 

Syria. In 1981/82, a screening nursery was 
planted in an area where the disease is thought 
to be endemic. Inoculation gave some infected 
plants, but the disease did not spread. This 
might have been caused by the absence of 
aphids, a possible vector of this bacteria, during 
that season. 

Component 3: Agronomy 
Agronomic experiments ,vere cnducted with 

the objective of determining the characteristics 

and requirements of selected new clurum lines in 
comparison wvith local cultivars, particuilarly
cmaowith lespect d tiier, aica'oseedra 
with respect to seed rate and fertilizer applica-

Seed Rates 

Two new durum cultivars, Sahl and Waha 
(Sham 1), were compared with two local 
cultivars, Haurani and Gezira 17, at five seed 
rates (30, 60, 90, 120, and 150 kg/ha) in a 
replicated experiment at Tel Hadya. The results 
indicated that 90 kg/ha was the best seed rate 

for all varieties in 1982/83. More research in this 
area is needed to control other sources of varia
tion such as differences in seed size, row spac
ing, and date of planting. 

Nitrogen Response Studies 

Five rates of nitrogen combined with five 
methods of splitting total nitrogen were applied 
in rainfed conditions to the durum variety Sahl 
in continuation of a similar experiment con

ducted during the previous season. There was a 
positive response to nitrogen for grain yield 
(Table 30) and grain protein content. Kernel 

weight was slightly but significantly decreased 

by heavy applications of nitrogen. In the 
1981/82 experiment, which followed a green
manure crop, durim wheat Sahl gave about the 
same grain yield when 30 kg N/ha was applied 

at tillering as when 90 kg N/ha was applied at 
sowing. The results of the 1982/83 season did 

not show any significant differences among 
ratios or ratio x rate contribltions. This lack of 

response may be due to higher initial nitrogen in 
the soil of this experiment which was on a land 
following a fallow, a common practice in the 
area. However, there is still some indication 
that low rates at tillering can have the same ef
fect as higher rates at sowing. 

Table 30. Effect of rate and ratio (sowing/tillering) of N applications on grain yield of durum wheat Sahl at Tel Hladya, 

1982/83. 

N ratio 
(% at sowing- N rate (kg/ha) 

% at tillering) 0 30 60 90 120 Mean 

0-100 3948 4140 4193 4301 3744 4072 
25-75 3948 4077 3896 4496 3977 4064 
50-50 3948 4114 3822 4245 370)2 3951 
75-25 3948 4272 4133 3985 3793 4007 
100-0 3948 3910 3790 4234 404' 4028 

Mean 3948 4103 3967 4252 3852 

LSD (5'7) for N rate means = 243 kg/ha. 
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On-Farm Agronomy Trials phasis is given to grain quality characters, to 
ensure that while breeding for increased yield 

Trials were conducted in farmers' fields to potential the grain quality is not sacrificed. The 

determine appropriate levels of fertilizer re- tests allowed the identification of a number of 

quirements asing one durum variety (Sahl) in an advanced lines possessing high yield and 

unreplicated experiment at six sites in Zone B superior grain quality. Also, in early genera

(250-350 mm) of Syria. Results indicated that in tions, grain size, color, and vitreousness were 

farmers'fields being annually fertilized there is given prominent attention in seed selection. 

still substantial yield increase due to nitrogen or 
phosphorus applications with no apparent in- An important activity was the study of the 

teraction between the two fertilizers over the methods of burghtil preparation in Aleppo city 

range of rates used. and Seraqeb town. Burghul is a traditional 
product for which durum varieties with larger 

An improved practices trial was also included grains are preferred. It was found that in the 

among on-farm agronomy trials using one local city the preparation of burghul involves four 

durum cultivar, Haurani, and an improved stages: boiling, peeling, milling, and purifying. 

durum cultivar, Sahl. Treatments included In the rural areas, the processing is confined to 

nitrogen and phosphorus fertilizers as well as two stages, boiling and milling. The purpose of 

weed control. Although the results differed with the study is to develop a laboratory procedure 

sites, there was clear indication that nitrogen for the preparation of burghtd. to assist in the 

fertilizer was important in determining grain evaluation of advanced lines of durum wheat. 

yield in Zone B, where most durum is grown. 
Phosphorus, weed control, and variety each in
fluenced yield at only one or two sites. These Component 5: Entomology 
experiments indicated the potential impact of 
improved production technologies but also the 
fluctuation in their effects. It is concluded that Resistance to Wheat Stem Sawfly 
testing in a representative set of locations should 
be continued in order to draw broader and more The resistance of 83 durum lines was measured 

definite conclusions on specific production at Tel Hadya and Suran. Even though natural 

techniques. infestations at Suran were lower than in the 
previous season, 16 of the tested lines were rated 

Our agronomist spent considerable time in as promising (Table 31). The lines, Uveyik 

assisting scientists from national programs to 126/61-130//Kohak 2916/Lds/3/Albe ICD 

formulate agronomic practices. He was also in- 77.186-5AP-OSH-OAP and Loon'S' CM-14528 

volved in agronomic research in Jordan and were the best and confirmed their value as 

Pakistan collaborative projects, which are reliable sources of resistance to wheat stem 

reported in a later section of this report. sawfly. 

Component 4: Grain Quality Economic Importance of Suni Bug 

In the durum wheat improvement project em- This insect is found throughout West Asia. In 
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Table 31. Number of durum lines tested and number of lines found promising for resistance to wheat stem sawfly, 1982/83. 

No of lines tested 
and cange of % 

Location infestation 

Suran 83 (0-15.0) 
Tel Hadya 83 (0-25.8) 

Syria, it has become a major pest. Our surveys 
have indicated that suni bug is present in all 
provinces of Syria, from Hassake in the nor-
theast to Sweida in the south. The infestation 
levels in durum varied widely from 0.1 to 
81.0% seeds damaged. The highest ir:F,ations 
occurred in the Aleppo and Idlib provinces. In 
some fields, samples were taken to calculate the 
relationship between suni bug damage and 

losses in kernel weight. The correlations bet-

ween percentage of seeds infested and percentage 
reduction in weight were significant (P< 0.01) 
for both Hammari (r=0.977; n=50) and 

Gezira 17 (r=0.928; n=25) durum wheat 
varieties. Mean percentages of kernel weight 
reduction were 16.1 and 10.4 %, respectively. 

The suni bug not o ily affected the yield and 

quality of the grain for bread making, but also 

the quality of the seed used for planting. Seeds 
were classified in damage grades: 0 = sound 
grain (check): I = 1/3 of each grain affected; 
2 = 2/3 of each grain affected; 3 = complete 
grain affected. Increasing proportions of af-
fected seeds of each damage grade were mixed 
with sound seeds and then sown at Tel Hadya to 
simulate the situation of a farmer who does not 
recognize, or disregards suni bug damage when 
choosing seeds for planting. Under field condi-
tions, a significant effect of both damage grades 
and percent infested seeds used for planting was 
observed. The percent establishment of the crop 
decreased significantly as the proportion of the 
infested seeds planted increased (Fig. 6). 

% infestation 
in the check 
(ltammari) 

No. of promising lines 
and range of % 

infestation 

2.2 
14.5 

16 (0-3.3) 
16 (0-3.9) 

G 1
 
-.... G2
 

60
 

.4 

" N , 
C 

30". 

20,
 
0
 

I I 

0 25 50 75 100 
% damaged seeds in the mixture 

Fig. 6. Percent establishment of Gezira 17 durum wheat 

plants as affected by the sowing of increasing proportions of 

damaged seed at three grades ofsuni hug damage, 1982/83. 
G1 (one-third if seed affected), G2 (two-thirds of seed af
fected), 63 (.:.cdcompletelyaffected). 

In another trial, seeds of different damage 
grades were planted at different seed rates, the 
higher seed rates aimed at compensating for 
poor establishment of the crop due to suni bug 
damage to the seeds. The results indicated that 
at all seed rates the planting of suni bug 
damaged seeds adversely affected the final yield 
of the crop (Table 32). Reduced yield was a 
result of reduced vigor at all growth stages and 
consequently lower tiller numbers and lower 
numbers of seeds/head. Thus, it seems that suni 
bug damage also has some detrimental effect on 
the germination and vigor of infested seed. 
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Table 32. Effect oufplanting sound and suni bug damaged seeds at three seed rates on the final yield (g/3 w2 ) of Gezira 17 
durum wheat at Tel Hadya, 196283. 

Seed rate Suni bug damage grades 1 

(kg/ha) 0 1 2 3 Mean 

100 915.5 753.6 562.8 475.5 676.8 
150 760.7 791.7 586.6 384,8 631.0 
200 979.8 887.1 648.6 543.7 764.8 
Mean 885.3 810 0 599.4 468.0 690.9 
F for seed rates: NS 

LSD (5%) for suni bug damage grades = 241.1
 
CV (%)= 28.7
 

1. C ade 0 = s3und seed; grades 1, 2, and 3 = 1/3, 2/3, and complete seed affected, respectively. 

Project III: Bv'ead Weat 

Improvement 

World bread wheat production averaged 450 
million metric tonnes in About 10%19 8 0 / 8 1 .a 
of this (approximately 44 million metric tonnes) 
was produced in West Asia and North Africa. 

Bread wheat ranks first among the food crops 
in the Middle East and North African countries. 
The consumption is in excess of 150 kg 
wheat/capita/annum. Total wheat imports in 
these countries have been increasing sharply to 
meet consumption demands. Food imports 
averaged 15 million metric tonnes annually 
during the last 5-year period and most of these 
were of bread wheat. 

Over 90% of the bread wheat grown in the 
region is rainfed at precipitation levels of 
250-650 mm and 50% of the area receivev less 
than 400 mm. There are several constr-...(s 
limiting wheat production in the lo' er rainfall 
areas. Diseases, insect pests, frost, heat, 
drought, and other environmental factors in 
combination with the lack of good agronomic 

a. FAO Monthly Bulletin of Statistics, March 1982. 

practices (poor land preparation, weeds, poor 

conservation of moisture, sowing problems, 

poor crop stands) are the main problems to be 
tackled. 

Compor'ent 1: Breeding 

This project involves a joint CIMMYT/ICAR-
DA breeding effort with collaboration from 
ICARDA scientists in agronomy, physiology, 
pathology, entomology, and grain quality. The 
project has a special responsibility to develop 
suitable varieties for the lower rainfall zones. 
Large-yielding varieties combined with im
proved agronomic practices offer hope for large 
increases in production in the region. 

Our efforts co:ntinued on the development of 
high-yielding lines for the limited-rainfall con
ditions of the region. In addition to drought 
resistance, new materials were selected for cold, 
heat, and salt tolerance. Improved resistance to 
diseases is an important aim, so particular at
tention was paid to the three rusts, and septoria 
blotch, bunt, and bacterial blights. Insects are 
also a serious problem in many areas. Lines 

were screened for resistance to stem sawfl), 
hessian fly, suni bug, and aphids. Screening for 

grain quality was also performed. 
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We made 320 single and 156 double crosses in 
1982/83 for specific traits such as sawfly, 
drought, cold, and bunt resistance, which are 
particular problems in ICARDA region. A wide 
base of germplasm is maintained through the 
usi., of CIMMYT nurseries and segregating 
populations. In 1982/83, 83 F2s were received, 
These provided ierynplasm with potential for 
rainfed and irrigax;. areas, aluminum toxicity 
resistance (a character often associated wh 
resistance to many foliar diseases), Hehnin-
thosporium spp., and spring x winter crosses for 
cold tolerance. 

A total of 10,769 entries in segregating 
generations F2-F8 were screened in 1982/83. All 
these lines were grown with two forms of 
management. The first consisted of a rainfed 
crop supplied with a small amount of fertilizer; 
the second with supplementary irrigation and 
optimal fertilizer conditions. It is believed that 
by growing segregating populations with these 
two forms of management, simultaneous selec-
tion can be made for large yield and yield 
stability. 

Results from preliminary and advanced yield 
trials indicate the progress achieved to date or. 
developing higher yielding lines relative to the 
widely-grown variety Mexipak 65 and the im-

proved check Golan (Table 33). Some lines are 
superior to the checks, especially in the more 
favorable irrigated environments. 

Yields rt Tel Hadya this year were reduced by 
frost damage. The timing of the frost caused 
more damage to the early- or medium-maturing 
lines and less to the later lines such as Mexipak 
and Golan. To avoid a selection bias toward late 
lines, the mean yield of each trial was used as a 
base for selection along with special attention to 
frost damage and date of heading. 

Stability of Performance 

Table 34 lists the six lines selected at nine or 
more of 20 locations as being visually superior to 
both local and long-term checks in the Wheat 
Observation Nursery (WON) during 1982/83 
which returned the data until the time of 
writing this repot. These selected lines are from 
different origins including ICARDA, CIM-
MYT, Egypt, and Turkey. The locations to 
which this nursery was sent constitute a wide 
range of environments and diseases in ICARDA 
region and beyond. The outstanding lines in this 
nursery were promoted to the regional yield 
trial. Several of them will be used as parents in 
the crossing block next year. 

Table 33. Number of lines that gave significantly (P<0.05) better yields than the checks Mexipak and Golan in the 1982183 
preliminary and advanced (PWYT and AWYT) yield trials. 

Lines higher yielding than 
Average yield Number of lines Mexipak Golan 

Location/trial (kg/ha) tested No. No. 

Tel 	Hadya - Rainfed 
PWYT 3592 858 9 8 
AWYT 4137 176 0 7 

Tel 	Hadya - Irrigated 
PWYT 4928 396 9 30 
AWYT 5266 176 17 7 

Terbol 
AWYT 5495 176 0 15 
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Table 34. Lines selected nine or more times at 20 locations in the WON, 1982/83. 

Entry Selection 
No. frequency 

34 11 

125 11 

71 9 

16 9 

65 9 

127 9 


Six years of results from the regional wheat 
yield trial are given in Table 35, comparing the 
two largest yielding bread wheat lines with 
Mexipak and the national check. Durirg the last 
five seasons there w'as a trend for the top two 
new lines to perform slightly better than the 
national check. During the last six years the top 
line has yieided an average of 266 kg/ha, or 
6.6%, more than the national check. This is a 
modest increase and indicates some improve-
ment in wide adaptation. The national check 
usually is a recommended large-yielding variety 
with proven adaptation at that location, 

A summary of the largest yielding lines in ihe 
Regional Wheat Yield Trial 1982/83 is presented 
in Table 36. Grain yield and other agronomic 
data were cc, ipiled from 21 different locations, 
including two simulated environments at Tel 
Hadva, using rainfed and supplementary ir-

rigation conditions. The overall average yield of 
the entries, excluding the national checks, was 
4057 kg/ha, with individual entry means rang-
ing from 3619 to 4512 kg/ha. 

Experimental error in some of the locations 
was large and resulted in a relatively large 

Cross and pedigree 

Bb/2*7C//Y5OE/3* Kal
 
CM 29014-7S-2AP-IAP-4AP-OAP
 

Sakha18I/Cno'S'ICalI4ISakha/31Tzpp/ISn641Napo 
S2896-100-18-38-OS 

7C/Pvn'S'
 
CM 36569-8Y- Il-Y-2M-0Y
 

G/Ald'S'
 
L 882-1AP-OAP-2AP-OAP
 

Snb'S'
 
CM 34630-D-3M-3Y-IM-IY-0M 

Sakha69
 

overall CV (18%) for the combined analysis. 
Disease scores were reported by most 
cooperators but heavy infection was only 
reported in a small number of locations. 

Flk'S'/Hork'S'was the largest yielding line and 
was among the top 10 entries at 16 out of 21 
locations. This line was also superior to national 
checks at 13 locations. However, it is susceptible 
to cereal rusts (particularly leaf rust and yellow 
rust) at several locations. The second largest 
yielding line, HD 2206/Hork'S' ranked among 
the top 10 entries at 14 locations and it was also 
superior to the national check at 13 locations. 
This line is moderately susceptible to leaf and 
stem rust. 

Entry No.9 (Vee'S'), which is a winter x spr
ing cross, ranked third and combines large yield
with a good yield stability, medium maturity, 

and good disease resistance. Considering all 
factors, it seems to be the most promising line in 
the trial. 

One of the most important achievements of 
the CIMMYT/ICARDA bread wheat im
provement program during the 1982/83 crop 



Table 35. Yield of the two largest yielding bread wheat lines (kg/ha) in the Regional Wheat Yield Trials, compared to check varieties, for six seasons. 

Entry 1977/78 1978/79 1979/80 19a/0i81 1981182 1982/83 Average 

Top bread wheat line 3607 3875 4507 4110 4862 4876 4306 
Second b-ead wheat line 3577 3729 4374 40S0 4853 4729 4224 
Mexipak 3278 3615 4151 3803 4504 4277 3938
 
National check 3477 3743 4107 3893 4616 4403 4040 

LSD (5%) 129 171 292
 
Number of locations 24 33 27 37 2f 
 18 a 

a. Data were available from 18 locations only. A complete summary will be reported in the 1982/83 Cereals Nursery Report. 

Table 36. Performance of the highest yielding lines in the Regional Wheat Yield Trial at 21 locations. 1982/83. 

Entry Yield Days Protein 1000-kernel 
No. Cross and pedigree (kg/ha) CHK1 SEL 1 to maturity (%) wt. (g) 

17 Flk'S*/Hork'S' 4512 13 16 153 11.8 35.1 
CM 39816-1S-IAP-OAP 

16 HD 2206/Hork'S" 4444 13 14 152 11.7 33.3
 
CM 39808-62M-Y-IM-OY
 

9 Vee'S" 
 4403 13 
 17 154 12.1 36.4 
CM 33027-F-9M-1Y-4M-500Y 
-500M-502Y-OM 

20 Inia/Napo//3*Cal/3/Cj/4/Kpk 4360 13 14 156 12.0 31.2 
NCP 212-A-iK-3AP-OAP
 

I Mexipak 65 (B.W. check) 4012 
 10 8 151 11.6 34.1 
12 Waha (D.W. check) 3832 4 6 151 12.8 41.0 
Overall Mean 4057
 

LSD (5%) 292
 
Cv (%) 18 

1. CHK = Number of locations where the line was superior to the national check. 
SEL = Number of locations where the lines were among the 10 highest yielding entries. 



season was the decision of the Syrian Ministry of 2 

Agriculture and Agrarian Reform to release one 
bread wheat variety (Sham 2) for Syrian 0 3 

farmers in the irrigated and high-rainfall areas 
> 

(above 350 mm rainfall). Table 37 summarizes 
the performance of this new variety when 
compared to Mexipak 65 during the last 4 years 
(1979-83) in field verification trials for these 
two zones. 
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Disease resistance, protein percentage, and 
bread-making quality of this variety are also 
better than Mexipak 65. In general, the maturi-
ty and plant height of both varieties are the 
same. Breeders' seed of this variety was pro-
duced and about 	6000 kg of basic seed will be 
available next year. 

Component 2: Pathology 

During 1982/83, efforts were continued to 
maintain and improve the disease resistance of 

bread wheat. Extensive screening of advanced 
and segregating 	 material was performed for 
several diseases prevalent in ICARDA region. 

The priority diseases for resistance breeding 
in bread wheat are: yellow rust (Puccinia 
striiforinis), septoria leaf blotch (Septoria 
Iritici), common bunt (Tilletia caries. T. 
foetida), leaf rust (Plccinia recondita), stem 
rust (Pucciniagraminis), and tan spot (Helnin-
thosporit tritit'i-repentis). 

Information on 	 yellow rust, septoria leaf 
nCmn 

blotch, common bunt, leaf and stem rust, and 
tan spot was received from ICARDA observa-
tion nurseries and processed. A list of the best 
performing bread wheat lines for leaf and 

yellow rust in the 1982/83 Wheat Observation 
Nursery is presented in Table 38. Data were 
received from Bangladesh, Ecuador, Egypt, 
Jordan, Mexico, Pakistan, Portugal, Spain, and 
Yemen. Twenty-three entries out of 127 in this 
observation nursery showed a good overall 
resistance to yellow rust, while 31 lines from the 
same nursery had leaf rust resistance. 

Septoria leaf blotch is an important disease of 
bread wheat in the North African countries, 
Data from our septoria nursery planted in 
Afrin, Syria and those from ICARDA's Wheat 

Table 38. Entries in the Bread Wheat Observation 
Nurseries showing resistance to yellow iust and leaf rust, 

1982/83. 

P106.19//Sot%'/lt*3 
L 0489-1 AP-0AP-6KE-0AP 

Toh'S'/3/Cno67/Jar//K%'z
 

CM 20707-A-IY-8M-IY-0NM-0Ptz
 
Bow'S'
 

CM 33203-F-4M-4Y- IM- 1Y-0M

Bow'S' 

CM 33203-K-9M-2Y-IM-IY-IM-OY 

GIl/YR Resel (B)/3IAu/IKal/Bb 

CM 34603-A-1M-GY-4MY-2M-0Y
 
SnbS'
 

CM 34630-D-5M-5Y-3M-IY-OM
 
Beh'S'//Y5OE/KaI'3
 

CM39761-9K-2AP-OAP2APOAP 

Table 39. Entries in the Bread Wheat Observation 

Nurseries showing resistance to Septoria tritici in Syria and 
Portugal, 1982183. 

Inia/Napo//Tob/3/Sprw'S' 

L 00I7-5S-4S-2AP-IAP-IAP-0AP
 
Tob/Cno'S'//Pi 62/3/Ska


L 0771-4L-2AP-OAP 

NRI/3/Cno'S'/Pj//GII
 
CM 23125-2AP-2AP-OAP-IAP-OAP
 

72. 4281Mrc//FIr'S' 
CM 46869-2AP-OAP 

Crun/Coe 

SNVM 6493-2AP-OAP 
Sakha91 

Observation Nursery planted in Elvas, Portugal 
have been processed. Table 39 lists the lines 
which showed good levels of resistance both in 
Portugal and Syria. 

Common bunt resistance is an important ob
jective in the bread wheat program. In our 
screening effort, all material in preliminary and 
advanced yield testing was grown in special 
bunt nurseries, and artificially inoculated with 
a mixture of Syrian isolates. Lines that showed 
resistance will be retested in the coming season. 



If their resistance is confirmed, these lines will 
be tested against a number of non-Syrian strains 
in a well-isolated area. Lines having a broad-
based resistance will be promoted to the cross-
ing block. Results so far have been encouraging 
and efforts will continue to screen resistant 
material in this fashion. 

Component 3: Agronomy 

Several management factors were examined in 

multilocation trials on farmers' fields in Syria. 

In fertilizer trials, nitrogen was found to be the 

most important fertilizer in moderate- to high

rainfall areas. Studies of genotypic differences 
in responsiveness to N continued. Previous ex-
periments had shown that while significant 
genotypic differences exist, they were often not 
repeatable between seasons or sites. Previous 
cropping history, climate, and soil type interact 
in a complex fashion with nitrogen uptake and 
utilization by the plant. 

periment was conducted to determine if an op-
timum balance of yield components exists for 
the local environment. Eight bread wheat 
varieties with contrasting yield-component 
characteristics were tested at five plant popu!a-
tions (approx. 50, 100, 200, 400, and 800 
plants/iM2 ). The aim of these experiments was to 
determine which yield components, if any, 
were more consistently related to large yields 
under rainfed conditions at Tel Hadya. This in
formation could help plant breeders to select 
large-yielding lines for rainfed conditions in the 

region. 

In each season so far the effects of weather 
had the most readily identified influence on 
grain yield. The effects of frost during the 
vegetative stage and continuous cool 
temperatures -weredominant factors in 1982/83. 
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Frost during heading was not a problem, but 
temperatu, es in winter were cold for longer 
than usual and heading was delayed. These 
circumstances restricted tillering in low 
seeding-rate treatments, and there was 
therefore a larger effect of increasing plant 
density on final grain yield than in the previous 
years. There was a tendency for lines with many 
tillers to give the largest yields. Considering the 
large year-to-year variability in yield com

ponents, it was concluded on the basis of 3 

years' data that plant breeders would do better 

to select on the basis of yield, rather than on 
differences in yield components. 

Component 4: Grain Quality 
In 1982/83, a large number of lines were tested 
for grain quality. In additien, studies were 
made of the effects of environment on quality 
(Table 40). 

Kernel hardness was little affected by en

vironment and was the most highly heritable of 
the characters. Kernel weight was also under 
more genetic than environmental control. Pro
tein content and wheatmeal fermentation time 
(WMFT) were each more affected by the en
vironment than by genotype. The WMFT test 
appeared to be affected by both season and 
location and therefore of little value in selec
tion, unless the populations contain distinctly 
different genotypes, i.e., a very wide range of 
dough strengths. 

Table 40. Influence of growing season and heritability of 
some quality factors in bread wheat.1 

Parameter Between seasons Between locations 

PSI (hardness) 0.98 0.97 

Protein 0.64 0.72 

WMNFT1 0.21 0.47 

Kernel weight 0.77 0.83 

1. Data are average coefficients of correlation between test 

data of eight cultivars grown at six locations for 2 years. 
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]-fete.t ol %llihug damage on kho,. qali. ItoamVcs in upper roiws including No. 1. were madt Irom ondahiaged seed. Pro-

Portion of damaged seed in loaves 2. 3. 4. 5. and fiwas 2. 5. 10. 20. and 501c. respectively.
 

I I
 

Little is knowni about the qualitv characters A test was developed to detect suni bug 
of the Arabic flatbreads. called khoz. Studies damaged flour samples. A normal wet gluten 
were conducted to define these characters and test is carried out on 10 g.of flour. After washing 
develop a scoring svstem to evaluate flour and drying. the gluten is stretched 5 cm against 
samples. Dough handling. dividing, and a scale. The degree to which the uluten retains 
sheeting properties, kloo,, color and diameter, its ela:iticitv gives a measure of the presence and 
crumb and biting texture, layer separation. severity of sini bug damage.The presence of as 
odor. taste, and keepingr quality, were scored on little as 2', damaged wheat can be detected by 
a point system for routine and repeatable this test, which is simple and only needs easily 
evaluation of entries, available, inexpensive cpuipment. 

The effect of suni blug damage on physical 
dough properties w",s studied. Physical d omiph Component 5: Entomology 
characteristics were affected even when Et o g 
5 " of the seed was damaged. Flours made from Wheat stem sa;wfly. suni bu,,.,and cereal aphid 
seed with 20', or more infestation were iii- received special attention. The search for resis
possible to handle in khobz-baking procedures, tant germplasia is proving more successful with 
and wold not rise in tile oven. the sawfly than with the other two pests. 
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Resistance to Wheat Stem Sawfly 40-	 (Susceptible) MP 112 
(Local) Golan 

Using a light natural infestation which occurred .......... (Resistant) mT-777 Cl 9294 Fortuna 

at Suran, Syria and a heavier artificial infesta- 30
o S 

tion at Tel Hadya, 79 bread wheat lines were 
screened for resistance te wheat stem sawfly. As 

L 
in previous seasons, Fortuna and Fortuna- °2
derived lines were the best sources of resistance U 

to this insect (Table 41). The consistency of ths 

resistance was confirmed when the resistant line 10
mT-777 CI 9294/Fortuna, together with a local R 

....... ..........

check (Golan) and a susceptible check (MP 112) 


were exposed to increasing level- 'f infestation. 0.....
 
Even with the heaviest infestation of 11 0 3.6 7.3 11.0
 

Level of infestationfemales/in 2 the proportion of stems infested in (females/m 2 

the resistant line was significantly less than in 
Y= 0.2072 +0.5991 x (Resistant)the local and susceptible checks (Fig. 7). 
Y=0.0567 +2.004 x (Local) 

Table 41. Bread wheat lines withu high levels of resistance to Y= 0.7096 +2.5439 x (Susceptible). 

wheat stem sawfly in six consecutive seasons at Suran in 

Fig. 7. Regression of four levels of infestation with wheatSyria. 
stem saw fly on the percent infestation in three bread wheat 

Percent of stems varieties, Tel Hadya, 1983. 
nfestedGenotype 

mT-777 CI 9294/Fortuina 	 1.6 

mT-773 C! 9294/Fortuna 3.3 	 Resistance to Cereal Aphids 
3.4Fortuna 


Sawtana 
 4.3 
3.5 When 79 bread wheat genotypes were exposed

mT-778 CI 11490/Fortuna 
4.3 to a natural infestation of aphids, the sarne lines

Limpopo 
Lew 5.4 that showed resistance to wheat stem sawfly 
MP-112 (check; mean of 5 years) 25.0 (Table 41) also showed moderate resistance to 
Golan (check; 1983) 9.3 aphids. Other accessions with a moderate 

Suni Bug Incidence in Syria	 resistance to aphids were PH 93 and PH 94. 

As indicated by surveys, the suni bug is present Project IV: Triticale Im
in all bread wheat growing areas of Syria. As 

with durum wheat the greatest damage was provement 
detected in the Aleppo and Idlib provinces 

where on average 17 and 6% of seed, respec- Triticale can produce more grain than bread 
in more favorabletively, was damaged. These levels of suni bug 	 wheat or durura wheat 

rainfed areas and may also possess a higher leveldamage seriously affect quality of the flour for 

bread making purposes. None of the 79 lines of disease resistance and in some cases stress 

screened for suni bug damage was rated as resistance. Emphasis is placed on improving the 

grain quality to enhance the consumer accepresistant. 
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tability of triticale. We are also evaluating 
triticale for its total phytomass p:.duction and 
its value as food and feed, 

The program is addressing problems 
associated with drought resistance, leaf rust, 
and septoria resistance, winter survival, frost 
tolerance, yield stability, and yield perfor-
mance. 

Triticale types with different ranges of 
maturity possessing adequate winterhardiness 
have been identified and they are being used as 
parents. Lines that maintain their ability to 
produce acceptable grain yields tinder drought 
stress also have been identified and tested over a 
wvide range of climatic conditions, 

Identification of the triticale line Tetra-

prelude//OD 289/Bgl is of special interest for 

the triticale project of ICARDA. It has plumnp 
grains, makes excellent bread, and was :;elected 

from a cross known to carry a 1A/1D transloca
tion which resulted in the movement of genes 
that changed flour quality from ID to 1A. 

The available data sho that several triticale 
lines have better resistance than wheat to man' 
of the more important diseases. 

Component 1: Breeding 
to Improve TriticaleStrategies 

Production 

The triticale project at ICARDA is trying to 

combine the gene pools of bread wheat, durum 

wheat, and rye, and is selecting plants with 

desirable and economically important traits. 

Combining the large yield of wheat with the 

tolerance to environmental stresses of rye is the 
major objective. Improvement of grain quality, 
for several possible consumer u.4es also receives 
high priority, 

The triticale project has adopted a breeding 
strategy aimed at developing germplasm which 
performs relatively well under less favorable 
environments while allowing good exploitation 

of the favorable ones. \We are trying to achieve 
these objectives through screening of parental 
materials for iolerance to specific stresses 
prevalent in the region. Superior parental lines 
are then combined and the early-geieration 
populations are exposed to stress environments 
to allow the identification and selection of 
superior gene combinations tinder these condi
tions. 

Emphasis is placed on mltilocation testing of 
the advanced lines in carefully selected sites inNorth Africa and West Asia. The testing and 

screening are done in barley, durnim, and bread 

wheat nurseries to compare the performance of 

triticale with that of the other three cereal 
crops. 

Different sowing dates are used at Tel Itadva 

to create differences in crop matulrity' and 

climatic stresses. Early sowing exposes the plant 
to frost during the susceptible stages of plant 
development (tilleting and flowering stages), 
while late sowing exposes the plant o frost at a 

different stage of developrnent and to heat and 

droughtduringgrainfilling. 

The drought stress sites, Breda and 

Khanasser, with low annual precipitation (275 

and 242 mm, respectively) are used for testing 

and selection of advanced and segregating 
generations. 

Research on grain quality is also being con
ducted with a view to identify triticale germ
plasm with desirable and stable quality 
characteristics. 
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Development of Germplasm 

Parental lines have been identified for large 

grain yield; resistance to fungal diseases, leaf 

rust, yellow rust, stem rust, and Septoria tritici; 

resistance to insects (sawfly and hessian fly); 
tolerance to frost and drought; aad for good 

industrial and nutritional qualities. They are 

now being used in the crossing program. As 

many, as 394 crosses were made in the 1982/83 

season. A large proportion of the crosses was for 

kernel-quality improvement, especially with 
the parental lines carrying hard plunp kernels 

and good bead-baking quality. Emphasis was 

also placed on stress tolerance, especially 

drought and frost. Triticales were crossed to 
rye, bread wheat, and durum wheat to incor-

porate more desirable traits from rye and wheat 

into triticale. 

Segregating populations from F2 to F6 were 
screened and selected at Tel Hadva, tinder 

rainfed conditions, late-sowing management. 

simulated-grazing conditions, and at Breda 

under moisture stress. Selections were made 

under each condition for tillering capacity. 
number and size of spikes, earliness, height, 

kernel quality, and disease and insect resistance. 

Evaluation of Germplasm 

Replicated advanced yield trials (ATYT) of 114 
lines were conducted tinder rainfed conditions 

(60 kg N/ba, 40 kg P2O5 /ha) at Tel Hadya in the 

1982/83 season. The largest yield achieved was 

4023 kg/ha. The durum check variety Sahl was 

significantly outyielded b 10% and the bread 

wheat check variety Goian by 9% of the lines 

(Table 42). The tillering capacity of the ma

jority of the lines which outriclded the wheats 

was medium to high and their heading dates 

were earlier than those of the wheats. Their 

heights were between 100 and 115 cm at Tel 

Hadva and 60 and 75 cm at Breda, whereas 

Golan measured 80 cm at Tel Hadva and 50 cm 

at Breda. They had better tolerance to frost and 

better growth during the seedling stage than 

wheats. 

The average yield of the triticale lines tested 

in the ATYT was larger than that of bread and 

durum wheat and the triticale check Beagle. 

Table 43 shows the average yield of the five best 

yielding triticale lines in ATYT in comparison to 

the average of ATYT and the checks. The 

average of the ATYT lines exceeded the bread 

wheat check Golan by 3"' . and the five best 

triticale lines exceeded Golan by 34'1, . This in

crease again shows the triticale grain-yield 
potential under rainfed environments. 

In the preliminary yield trials (PTYT) 304 

triticale lines were tested tinder rainfed condi
tions. The results show that 3% of all the lines 

significantly oItyielded Golan, and 6% ex

ceeded the durui wheat check Sahli (Table 42). 
The average yield of the five best triticale lines 

Table 42. Number and percentage of triticale lines significantly out-yielding (P<0.05) wheat checks at Tel Itadya. rainfed. 

1982/83. 

Wheat checks Number 
ATYT 

Percent Number 
PTYT 

Percent 

T. arstiUmn ((;fla) 
T. duruim (Sahl) 

10 
11 

9 
10 

8 
17 

3 
6 

ATYT (Advanced Triticale Yield Trials): 114 lines. 

PTYT (Preliminary Triticale Yield Trials): 304 lines. 



116 Cereal Crops Improvement 

exceeded Golan by 38%, whih_ the average of over several years is as important as its yield 

all the lines tested in PTYT was only 2% less potential. 'Fable 44 shows the yield performance 
than Golan (Table 43). of some promising triticale lines over the last 3 

years in comparison to duruil and bread wheat 

The capacity of a crop variety to yield under checks. Genotypes which yield consistently well 
variable conditions and at a range of sites and over many years are of great importance for 

Table 43. Yield of Advanced (ATYT) and Preliminary (PTYT) Triticale Yield Trials, in comparison to the five best lines and 

checks at Tel Hadya, rainfed, 1982/83. 

ATYT (114 entries) PTYT (304 entries)
 

Entry kg/ha Percent kg/ha Percent
 

Average yield: All entries 2815 103 272) 98 

Average yield: 5 hest trilicales 3735 134 3829 138 

Average yield: Durum (Sahl) 2686 98 2704 98 

Average yield: Bread wheat (Golan) 2736 100 2774 10 

Averag4e yield: Triticale (Beagle) 2674 98 2658 96 

Table 44. Grain yield (kg/ha) of selected triticale lines over 3 years. 1980-83. 

Year
 

Entry 1980/81 1981/82 1982/83
 

Drira Outeross 3 3950 4600 3124
 
Drira Outeross 12 3500 4800 3167
 
IA/M2A//Pi62/3/Bgl 3894 5058 3552
 

Tej/Bgl//NV'S" 3756 3758 3015
 

Checks 

Durum (Sahl) 2651 2876 2686 

Bread wheat (Golan) 2695 3665 2739 

LSD (5 7,) 672 568 383
 
CV (%) 14 12 11
 

Table 45. Performance of three triticale lines at 13 locations in North Africa and West Asia, 1982/83. 

1 

Entry 
Yield 
kg/ha 

Yellow 
rust 

Leaf 
rust 

Disease Scores
Stem 
rust 

Septoria 
tritici 

Powdery 
mildew 

Drira Outcross 
Bgl/Addax 
IRA/Bgl 

4567 
4500 
4593 

1 
1 
0 

1 
0 
1 

0 
0 
0 

0 
0 
0 

0 
0 
0 

Durum (Waha) 4080 2 3 4 6 5 

LSD (5%) 549
 

CV (%) 13
 



Triticale 117 

rainfed environments. Table 45 shows the Grain Quality 
average performance of three triicale lines Generally, bread made from triticale flour has 

across 13 locations in North Africa and West poor strength, is heavy, and has a short shelf 
Asia. Among these lines is Drira Outeross. This life. To overcome this problem, at least in part, 

line has shown good yield potential across a we are using the IA/ID translocation lines 
wide range of environments for the last 2 years. developed at Winnipeg, Canada, to incorporate 

In addition, these lines demonstrated a high genes located on chromosome ID into the IA 
level of resistance to the prevalent diseases in chromosome in triticale. Table 47 shows the 
this region. quality characteristics of some triticale lines in 

comparison with the check Golan. The results 
also indicate the combination of large grain 

Yield Potential of Triticale under Dif yield with quality in triticale. 
ferent Sowing Dates 

The preliminary evaluation of triticale 

Table 46 show the performance of some germplasm for quality characteristics illustrates 

triticale lines which produce a relatively large the large variability available in our material. 

grain yield tder different sowing dates, i.e., The range for protein varied from 12 to 17%, 
they are less affected by advancing or delaying the 1000-kernel weight 35-55 g, and the hard

the date of sowing. The frost tolerance of these ness index 6-29. This range encompasses the 
lines during the vegetative stage and their abili- hardness of dtrum and bread wheats. For the 

tv to tiller qulickly (hiring a short growing period wheatmeal fermentation time the range was 

and withstand heat and l)remnattre desiccation from 20 to 260 minutes. This large variability in 
during the grain filling stage were the main the quality characteristics :lemonstrates the 

factors determining their ability to perform well possibility of tusing triticale grain for different 

across both early and late soving date;. cereal products. 

Table 46. Yield performance of some hriticale lines under different sowing dates at Tel lladya, 1982183. 

Grain yield (kg/ha) Frost TKW 2 

Entry Early sowing Rainfed Late sowing tolerance1 (g) 

JIlo 100 5772 3910 2109 7 47 

Drira Outcross 13 5500 3732 1572 8 51 

JIlo 90 5845 3658 2545 8 48 

JIlo 97 5836 3648 2000 7 47 
1A/N2A//Pi62/3/Bgl 5800 3552 1545 7 50 

Jlh 95 5381 3727 2091 7 49 

Checks 
Barley (Badia) 4942 4115 2027 4 51 

Durum (Sahl) 5844 2686 1272 3 43 

Bread wheat (Golan) 5736 2791 1320 4 30 

LISD (51%) 822 389 642 
CV (';; ) 12 7 15 

1. Scale for frost tolcrane.: 1. low, 5, mcldium: 9. high. 
2. TK\V: l(100-kernel wigfit. calculated from late sowing management. 
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Table 47. Grain quality of some trii icale lines, in comparison with the wheat check. 

Percentage 

vield relativc 


Entry to Golan 


Drira Outcross 120 

Selfert/Cineum//Bgl 113 

Cq/3/M2A/lra//Bgl 109 

Bread wheat (Golan) 100 


1.TKW = 1000-kernel weight. 
2. PSI = Particle size index (hardness). 
3. TW = Test weight (hctoliter weight). 

For enhancing the production level in such 

areas, ICARDA's high-elevation cereal research 
project has two major components: (1) germ-

plasm development and (2) development of 
improved production methods. 

Component 1: Germplasm 
Development 

The breeding program seeks to identify germ-
plasm which is better adapted to the stresses of 
these areas, employing one of the local parents 
in the crossing program followed by multiloca-
tion testing and selection of early generation 
material at Terbol, Lebanon; Annaceur, 
Morocco; Quetta, Pakistan; and Sarghaya, 
Syria. 

There was a wide range in growth habit from 
short-duration spring types to long-duration 
winter types in the material sown at the testing 
sites. The majority of the genotypes originated 
from winter x winter or winter x spring crosses, 
All the crosses involving winter x winter and 
winter x spring types were made at Tel Hadya 
where the temperature during the winter mon-
ths is cold enough to fulfil the vernalization re-
quirements of winter-habit material, 

Protein 
content 

(%) TKW1 PSI 2 TW3 

12.3 40 16 75 
12.0 47 19 75 
12.0 43 17 74 
11.7 28 20 77 

Project V: High-Elevation 

Cereal Improvement 
Eight of the countries in ICARDA region, 
Afghanistan, Algeria, Iran, Iraq, Morocco, 

Pakistan, Turkey, and Yemen, have a signifi
cant land area at high elevation (1000 meters 
and above). The production per unit area in 

these mountainous areas is low due to several 
factors: lack of large-yielding, better-adapted 
varieties; scanty or no information on cultural 
practices such as seed rate, sowing time, fer
tilizer requirements; frost, heat, and drought at 
the reproductive phase; and weeds and diseases 
(stripe rust, hunt, and tan spot). 

High-elevation areas have received relatively 
little attention in cereal production improve
ment programs in the past and that was 
restricted, in the majority of cases, to testing of 
technologies developed for the lower elevation 
areas. Due to complex environmental factors 
the technologies of lower elevation areas do not 
often prove successful. Our studies during the 
past 2 years indicate the need for a special plant 
ideotype which should have a longer vegetative 
phase and shorter reproductive phase with 
adequate cold, drought, and disease tolerance 
to enhance production per unit area. 
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The majority of the lines/varieties tested in Tel 1didya, respectively. The proportions of 
the form of observation nurseries and yield trials lines selected in the Winter Barley Observation 
originated from national and international Nursery (WBON) were 14% at Quetta, 14.1% 
winter wheat improvement programs. Two at Annaceur, and 26% at Tel Hadya. Selections 
types of yield trials were conducted: Initial were based on agronomic score, resistance to 
Winter Bread Wheat Yield Trials, and Com- diseases, and cold tolerance. 
parative Performance of Winter Cereal Yield 
Trials. The augmented design was used for 
yield-testing the large numbers of genotypes 
entered in the Initial Winter Bread Wheat Yield ..,'-". 

Trials, whereas the randomized block design 
w.vas used for the Comparative Performance 
Trials. 

rBesides the yield data, selections were also 
based on cold tolerance, resistance to diseases 
such as rusts, bunt, and tan spot (Helm in
tlosporiumn .ritici-repentis), and agronomic 
type. The !ocations in Terbol and Sarghava 
provide useful information on frost tolerance 

and on agronomic type. ICARI)A and AZRI researchers lest new, aricties and 

agronomic practices at the high-altitude site in Quetta, 
Baluchistan. 

Observation Nurseries 
In general the genotvpes performing best dif-

The number of lines selected in the Winter fered at different sites: however, about 4'7(, of 
Bread Wheat Observation Nursery (WBWON) the selectcd lines performed well i,;th at Quetta 
was 38 (25%), 13 (9%), and 85 (571%) at An- and Annaceur. Five of the best lines selected in 

naceur, Morocco: Quetta, Pakistan: and Tel the WDON and WBWON from Qiietta and 
Hadva, Syria, respectively (Table 48). In the Annaceur are listed in Table 49. Of tl'.ese, entry 
Winter Durum Observation Nursery (WDON), numbers 90 (Mugan) and 321 (Bit'/Gdo VZ 
out of 400 entries only 10.4, 8.8. and 31.8% of 394) in WDON were among the 4 ( that per
lines were selected at Quetta, Annaceur, and formed well at both sites. 

Table 48. Number of lines selected out of tested winter cereal germplasm at different sites. 1982/83. 

Ni. of selected entries
 

No. of Quetta Annaceur Tel lladya
 

Nursery entries Pakistan Morocco Syria
 

Winter Barley Observation Nursery 150 21 22 39
 

Winter Drunim Observation Nursery 400 42 35 127
 
Winter Bread Wheat Observation Nursery 150 38 13 85
 

Initial Witer Bread Wheat Yield Trial 150 31 13 56
 
Initial Durinn Wheat Trial 178 11 6 99
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at Quetta, Pakistan, and Annaceur, Morocco,Table 49. Promising lines/varieties selected out of WDON and WBWON 

1982183. 

AnnaceurQuetta 
Entry 	 Entry 
No. 	 Line/variety No. Line/variety 

Durum wheat
 

90 Mugan 90 Mugan
 

271 Magh'S'/Jor'S'/3/GIl 163 MG 5231
 
272 Ureyik 126/61-130//Kohak
"S'//61-130/Lds'S' 

321 	 Bit'S'/Gdo VS 394 2916/Ld'S'/3/Sincape 9
 

MG 568 321 Bit'S'/Gdo VS 394
109 

335 Gorm'S'/Gdo VS 394 368 TC60/4/62Fn/GII'S'//Gta
 

'S'/3/lbis'S' 

Bread wheat 

40 	 Bezostaya 
44 	 Alba/Gns//Fn/SN 

110 	 NS 984-1/NE 701136 
118 Lovrin 6/Samson 

124 63T 113 


The low percentage of better performing lines 

in WBWON at Quetta and Annaceur may be 

because those lines were developed and selected 

under different environments and in the 

presence of different dise.- complexes. Most of 

those lines were selected under continental types 

of climate where the winters are wet and severe 

and summers are mild. Lines selected under 

these conditions have a longer vegetative 

period, a longer reproductive phase, and a low 

level of moisture-stress tolerance. On the other 

hand, Quetta and Annaceur have cold winters 

but short springs and hot summers characteriz-

ed by moisture stress. Under such conditions the 

short-duration, winter-hardy lines performed 

best. This observation has indicated that for this 

type of environment the successful varieties 

should have a longer vegetative phase, short 

reproductive phase, more tillers/plan t , and 

short heads which will facilitate drought 

escape. The severe cold at these sites may have 

been responsible for the low percentage of 

selection of superior lines in the WDON and 

WBON. 

3 Paiyu Pao 
53 Agm/Hys//7C 
58 Dj/Bza//WA-lI-5204-2P-IH-OP 
83 Asp/Hys 

141 Quetta I 

The second major factor which impedes 

broad adaptation of genotypes is the difference 

in the disease complexes at different sites. The 

most serious diseases at Quetta were stripe rust 

and common bunt and most of the lines were 

found to be highly susceptible. On the other 

hand, at Annaceur the serious diseases were tan 

spot (Helm inthosporium trilici-repentis) and 

stripe rust. Tan spot appears almost every year 

in an epiphvtotic form. The materials screened 

at Annaceur were not specifically developed for 

this area, so they could not withstand those two 

diseases. The differential performance of 

varieties in the two environments is illustrated 

by the case of the variety Local White. It was 

selected as being highly resistant to all diseases 

at Annaceur, but was highly susceptible at 

Quetta. 

Segregating Populations 

Bread wheat, durum wheat, and barley F2 

populations were planted at Quetta, Annaceur, 

and Tel Hadya. 



As compared to barley a higher percentage of 
progenies was selected in the case of wheats. 
This can be attributed to the fact that in the 
majority of the crosses one of the parents was 
from the high-elevation areas of the region 
which presumably contributed to adaptability, 
The lower percentage of selected populations in 
the case of the barleys may be due to a lower 
level of cold tolerance and disease resistance, 
since most of the local germplasm from high-
elevation areas is of spring habit (except for a 
few intermediate types from Iran). 

Yield Trials 

Initial yield trial of bread wheat. In 1982/83, 
150 lines were tested in the initial yield trials at 
Tel Hadya and Quetta. The data on the four 
best yielding entries are presented in Table 50. 

High-ElevationAreas 121 

Two of the best yielding lines at Quetta (entries 
Nos. 56 and 91) were of Turkish parentage; the 
other two lines originated from winte- x spring 
crosses with multiple parentage from Oregon. 
However, none of these lines was among the 
best yielders at Tel Hadya. There were a few 
genotypes which were selected at both sites but 
they were not the best yielders. 

Comparative performance of winter cereals. 
The comparative performance of the best 
genotypes of barley, durum wheat, bread 
wheat, and triticale was tested at Quetta, An

naceur, and Tel Hadya. The yield and plant 
height data are presented in Table 51. The 
varietal mean data for different species indicate 
that at Quetta, a low (250-300 mm) rainfall 
environment, barley gave the largest yield, 
followed by triticale and bread wheat. Durum 

Table 50. Best yielding lines in Initial Winter Bread Wheat Yield Trial at Quetta, Pakistan, and Tel Hadya, 1982/83. 

Entry 
No. Lint/variety 

Quetta 
75 Inia 66(R)//Hhgn/DRC 

SWO 71218-04H-0H-2I!-3P-OH 
56 Eys/Bolal//P101/3/1150-18 Stacat 

YA 6203-18A-0A 
21 Kv.z/3IHD/On/Bb/4/Ypopr13Rbs/55-1744/ 

Su//Gns SWO 73097-90-2P-4H-3H-OP 
91 Kanred/Funo//119933-3B-IY-1B-IT 

YA 4302-3A-2A- LA- 1A-0A 
A Bezostaya ( hcck) 
B Zargoon (check) 

Tul Hadya 
28 Spn/Au/Ymh 
66 DJ/Bza//WA-II-5204-2P.lH-0P 
64 Lfn/Dl80//Kol/Len 

SWO 70469 
26 Ron-Tast/Bon, FI/3/Dibol/Su92/CI 13645 
A Mexipak (check) 
B Bezostaya (check) 

LSD (5 %)for Quetta 
for Tel Hadya 

Yield 
(kg/ha) 

6078 

5167 

4667 

4653 

3275 
3407 

3250 
2792 
2708 

2667 
2363 
2135 
1435.9 
316.5 

% increase over checks 
A B 

85.6 78.4 

57.8 51.7 

42.5 37.0 

42.1 36.6 

37.5 52.2 
18.1 30.8 
14.6 26.0 

12.8 24.9 



Table 51. Mean plant height and yield of winter cereals at Quetta (Pakistan), Annaceur (Morocco), and Tel Hadya (Syria), 1982/83. 

Plant hei-ht (cm) 
Quetta Annaceur Tel Hadya % reduction Yield (kg/ha) 

Line/Variety (1) (2) (3) 3 and 2 Quetta Annaceur Tel Hadya 
Barley 

--

Badia 104.3 65.7 105.0 37.4 2044 2355 1035 13 
Alger/Ceres 91.0 56.3 93.3 39.7 1377 2355 1408 
Colonial 120.0 52.3 120:0 56.5 1333 1555 754 
Beecher 111.3 62.3 106.7 41.7 1688 2622 693 
Reno 114.7 61.6 120.0 48.7 1066 1200 968 
ER/Apam 94.7 38.3 76.7 50.1 2355 2044 671 

Local check 120.7 68.0 81.7 2577 1466 1262 

Durum wheat 
BD 1658 143.7 80.7 131.7 38.7 1111 3333 933 
BD 272 124.3 74.7 133.3 44.0 755 386 497 
MG 502 106.3 70.0 125.0 44.0 933 4133 600 
MG 422 119.3 73.3 116.7 37.2 1066 3555 1524 
Waha 94.7 67.7 93.3 27.4 1155 4622 1524 
Simaroon/Sari Bursa 85.7 60.0 83.3 28.0 1214 4711 1435 

Bread wheat 
NS 18-30 91.0 60.0 91.7 34.6 1200 3688 1631 
F 29-76 85.0 53.3 95.0 43.9 1111 4844 1106 
Stephens 90.1 48.3 85.0 43.2 844 4754 720 
Qt 4081-PWTH/3Cndr. 101.0 70.0 93.3 25.0 2000 4088 1324 
Chambord/5133 124.0 63.3 126.7 50.0 1244 3066 760 
Bezostaya 100.7 68.0 106.7 36.3 1466 4088 1395 
Local check 126.0 65.7 98.3 2311 4532 1417 

Triticale 
Juanillo 90 119.3 93.3 123.3 24.3 1466 4177 1706 
Selfert/Cineum 124.7 91.7 126.7 27.6 1511 4443 1173 
Cin/Pi 128.7 88.3 121.7 27.4 1600 3999 1168 
Drira Outcross 129.7 88.3 120.0 26.4 1866 4043 1564 

LSD (5 -,) 0.2 1.9 8.2 185.3 246.4 218.8 
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wheat gave the smallest yield. At Annaceur Significant differences in plant height among 
(375-475 mm rainfall), the triticales and bread different varieties were obseved at all locations. 
wheat varieties gave the largest yield, followed The influence of environment on plant height 
by durum wheat, with barley yields being the 	 was very obvious (Table 51) as the reduction in 
smallest. 	 height at Annaceur as compared to Tel Hadya 

ranged from 25-50%. The entries which had 
minimum reduction in plant height gave larger 

Intervarietal differences within the species yield under all three environments. The line Qt 
were statistically significant. Only one barley 4081-PWTH/3Candor with the least reduction 
line (ER/Apam) statistically equalled the check (25%) was remarkable in its performance at all 
variety at Quetta; others were significantly the locations. 
smaller yielding. However, at Annaceur all the 
barley entries, except Reno, outyielded the 
check variety. At Tel Hadya only ER/Apam Component 2: Agronomy 
gave significantly smaller yield than the check. 
There were significant intervarietal differences To determine the seed rate for different varieties 
in plant height at all locations. However, lines and response to fertilizer application, ex
such as Badia and Alger/Ceres showed com- periments were carried out at Pishin and Khan 
paratively more stability in height and gave Mehterzai in Baluchistan province of Pakistan. 
larger yields at all locations. 

Effect of Seed Rate 
In the case of durum wheat, none of the en

tries was found to be significantly better than Trials were conducted to determine the effect of 
the local bread wheat check at Quetta. At An- seed rate on the yield of wheat in the semi-arid 
naceur all entries outyielded the local durum environment at Pishin. No single seed rate was 
varieties, BD 1658 and BD 272. The variation in found to be significantly better for all varieties 
plant height was significant at all locations. (Table 52). Most varieties responded differently 
However, varieties such as Waha and to different seed rates; however, the effect of 
Cimarron/Sari-Bursa, showed minimum fluc- seed rate was not significant for the varieties 
tuation in their plant height and gave con- Local White and S311 x Norteno. The mean 
sistently better yield in all three environents, yields of varieties were significantly different, 

however. 

Only one bread wheat line, Qt 
4081-PWTH/3Candor, yielded equal to check 
varieties and the rest of the entries were Effect of N and P Fertilizers 
significantly smaller yielding at Quetta. 
However, under Annaceur conditions four en- The effect of N and P fertilizers on the yield of 
tries, F 29-76, Stephens, Qt wheat varieties, Local White (unimproved) and 
4081-PWTH/3Candor, and Bezostaya yielded Zargoon, was studied at Pishin and Khan 
better than, or equal to the check variety. The Mehterzai. The varieties differed significantly 
performance of entry Nos. 17 and 19 was good in their yield at both sites. Zargoon gave a larger 
at Tel Hadya as well as at other sites. yield than Local White at both sites under all 
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Table 52. Effect of seed rate on the yield (kg/ha) of wheat varieties at Pishin, Pakistan, 1982/83. 

Variety 60 

Local White 2800 
S 311 x Norteno 3280 
Zargoon 2960 

Zamindar 3600 
Bezostaya 3040 
Average 3136 

LSD (5%) for comparison of variety xseed rate combination 
LSD (5%) for variety mean = 328 

fertility levels. Both varieties responded highly 
significantly to nitrogen fertilizer (Table 53). 
The increase in yield with the application of 
nitrogen fertilizer was much greater in the case 
of Zargoon than Local White. 

In the case of phosphate application a 
significant increase in yield (14 %) was obtained 
but no phosphate x variety interaction was 
found. The effect of nitrogen application was 
much more pronounced than phosphate. 

Project VI: International 
Crooperation 

The impact of ICARDA's research on farmers' 
yields has to come about through the transfer of 
technology by national programs. Therefore, 
we place considerable emphasis on exchange of 
germplasm and scientists' visits with national 
programs and accord priority to training their 
staff in research. Workshops, conferences, and 
publications constitute key elements in the pro-
cess of establishing and strengthening these 
cessgest n asouth 
linkages. 

Component 1: Collaborative 
Projects 

During 1982/83, collaborative efforts between 

Seed rate (kg/ha) Variety 

120 180 mean 

2880 2640 2773 
3120 2240 2880 
4000 4160 3707 
2720 3360 3227 
3760 2880 3227 
3296 3056 

568 

the Cereal Improvement Program and Syria, 
Pakistan, and Morocco were considerably 
strengthened. Progress continued in cooperative 
programs with Tunisia and Cyprus. This was 
the last year of the Cooperative Winter Cereals 

Improvement Project in Jordan, funded by the 
Ford Foundation and the Government of the 
Netherlands. 

Syria 

The collaborative research program between 
the Syrian Ministry of Agriculture and Agrarian 

Reform, represented by the Agricultural 
Research Centre (ARC), and the Cereal Im
provement Program of ICARDA, conducted 
several joint research trials during the 1982/83 
season (Table 54). They included several 
nurseries of crossing blocks, segregating 
popuiations, and different types of yield trials as 
well as agronomy, disease, and entomology 
nurseries. The trials were jointly planted at 14 
research stations, extending from Dera'a inntethereechsainxtdngfo ra 

to Qamishly in the north and from Jableh 
and Lattakia near the coast to the steppe and 

the range beyond Aleppo and Hama. 

Farmers' field verification trials. In addition to 
the above mentioned trials, the collaborative 
research program conducted 57 variety 



Table 53. Effect of N and P fertilizers on the yield (kg/ha) of wheat varieties at Pishin and Khan Mehterzai, Pakistan, 1982183. 

Site/variety 

means 
N + P 

Local 
White 

Khan Mehte-zai 

N x V 
mean Zargoon 

NxV 
mean 

N 
mean 

Local 
White 

NxV 
mean 

.-:shin 

Zargoon 
NxV 
mean 

N 
mean 

0 + 0 

0 + 40 
30 + 0 

30 + 40 

640 

960 

1360 

1600 

800 

1480 

1040 

1200 

1840 

2080 

1120 

1960 

960 

1720 

1760 

2240 

2960 

3360 

2000 

3468 

2800 

3360 

3760 

4160 

3080 

3960 

2540 

3560 

60 + 0 

60 + 40 

90 + 0 

90 + 40 
120 + 0 

120 + 40 

LSD (5%) 
LSD (5%) 
LSD (5%) 

1760 

2160 

1840 

2240 
1920 

2320 

for variety = 136 
for N x V means = 312 
for N means = 216 

1960 

2040 

2120 

2880 

3120 

2960 

3360 
3040 

3520 

3000 

3160 

3280 

2480 

2600 

2700 

3680 4400 
3960 4600 

4240 4800 

3760 4480 
4080 4720 

4400 4960 
3840 4560 

4160 4800 

4480 5040 

LSD (5%) for variety = 96 
LSD (5%) for N x V imeans = 208 
LSD (5%) for N mean. = 152 

4280 

4400 

4480 

-o 

Table 54. Number of joint cereal research nurseries and trials conducted in Syria, 1982/83. 

Crop 

Crossing block 

(entries) 

Nursery or trial 
Disease Segregating 

nurseries populations 

Yield 

trials 

Agronomy 

trials 

Barley 
Durum wheat 
Bread wheat 

460 
150 
150 

5 
5 
5 

300 
265 
259 

9 
22 
5 

27 
28 
22 

,' 
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verification trials on wheat and barley on 
farmers' fields in different ecological zones in 
the country, with a view to test a range of cereal 
varieties and production practices found to be 
promising under more controlled conditions on 
research stations. This type of research is -ery 
important in providing technologies suitable for 
increasing cereal productivity at the farm level, 

Results of this collaborative research program 
have been promising. Two new wheat varieties 
identified by this program were approved by 
the National Variety Release Committee in 
Syria in 1983. Detailed descriptions of these two 
cultivars are given in other sections of this 
report. 

More promising lines for the future are cur-
rently being tested. Sebou and Korifla durum 
wheat lines ranked first in the 1982/83 season 
under irrigation and in Zones A (>350 mm 
rainfall) and B (250-350 mm rainfall) in con • 
parison with the national checks Gezira 17 and 
Haurani which ranked the last at those loca-
tions. Sebou exceeded the national check 
(Gezira 17) by 38, 20, and 13% under irrigation 
and in Zones A and B, respectively, while 
Korifla exceeded the national check (Haurani) 
by 17% in Zone Bwhere this line was tested. 

Two high-yielding bread wheat lines wvere 

also identified in the 1982/83 season, which 

topped all others at all locations: Pato-

Cal/7CxTob which exceeded the national check 
(Mexipak) by 21, 13, and 1 % under irrigation 
and in Zones A and B, respectively; and 
Flk'S'-Hork which exceeded the national check 
by 19 and 23 % under irrigation and in Zone A,
respectively. Grain quality and diseaserespctiely.Gran qulit anddisase 
resistance of these lines are also acceptable, and 
they will be further evaluated in 1983/84. The 
national program has identified many superioryielding and disease- resist ant lines for further-

use. 

Agronomy. Thirty-five agronomy trials were 
conducted on farmers' fields to determine im
portant agronomic factors in wheat and barley 
production in different areas of the country. 
Results, more thoroughly discussed in other 
sections of this report, indicated that substantial 
yield increases can be obtained with adequate 
nitrogen fertilizer in Zones A and B. Phosphorus 
fertilizer, while not as important in these two 
zones, is more effective in increasing barley 
yield in Zone C. 

Diseases and insects. Disease development was 
observed in farmers' fields in wet conditions 
particularly in El Ghab area and in irrigated 
fields at Lattamneh, Homs, and Sahm Golan. 
Bacterial leaf streak caused by Xanthomonas 
transhscens was observed on wheat cultivars 
Gezira 17, Bouhouth 1, and Bouhouth 3. 
Development of yellow rust (Pucciniastriifor
mis) was severe on several cultivars, particular
ly Mexipak. Leaf rust (P. recondita) was also 
observed in several fields at Sahm Golan and 
Homs. Barley stripe disease (Pyrenophora 
graminea)was observed on ER/Apam. 

Infestation by stem sawfly was more severe 
this season than in previous ones, particularly in 
Suran and Saraqeb. Damage by this insect was 
observed on the barley variety Arar, the bread ~ ha ann/lnradtedrm~ha 

Sahl. 

Pakistan 

A pilot collaborative cereal research program 
Aepilot Goverent res a n am 
btenteGvrmn fPksa nICARDA has been in operation for the past two 
sCaRAs in oeratio for theseasons in Baluchistan. It functions from the 
Arid Zone Research Institute in Quetta and the 
P ri Research atcuura InstituteProvincial Agicultural Research Institute at
 
Sariab, and is concerned with evaluation of
 



cereal germplasm and production technology in 
the environments of highland Baluchistan. The 
collaborative program is supported by only a 
small budget. ICARDA supplies germplasm and 
some items of a capital nature (e.g., a vehicle 
and threshers), expertise from base program to 
assist with design and management of research, 
a small element of training, and a contribution 
towards operating expenses. The National In
stitute provides scientific and technical staff for 
the conduct of the trials, land, laboratory and 
field facilities, and operating expenses. 

The results to date have revealed some of the 
factors that severely limit cereal yields in the 
region. Two diseases, stripe rust and common 
bunt, are responsible for major losses. Control 
of the former is practical only by genetic 
resistance. The Provincial Breeding Program 
has identified and named two well-adapted 
stripe rust resistant varieties, Zargoon and 
Zamindar. The yield trials show that yields up 
to 7000 and 3000 kg/ha can be achieved with 
well-managed irriga!ed and rainfed crops, 
respectively, against the current yield levels of 
4000 and 300 kg/ha. However, farmers are 
unable to make full use of the new varieties or 

practices due to the lack of an effective seed in-
crease and distribution scheme and on-farm 
demonstration program. Some control of 
common bunt could be achieved with seed 
dressings, such as Vitavax and Benylate. Seed 
treatment increased yield of the Local White 
variety from 323 to 866 kg/ha without irriga-
tion. 

Production trials show a widespread response 
to nitrogen fertilizer in Baluchistan. Yields of 
600 and 2800 kg/ha of local and improved 
varieties were obtained with an application of 
100 kg N/ha and 30 P00 5/ha. This compares 
with corresponding yields without fertilizers of 
300 and 500 kg/ha, respectively. Plant popula-
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tion experiments demonstrated that 100 kg/ha 
was the optimal seed rate. 

Beginning in the 1983/84 season, FAG is con
tributing funds of U.S.$ 18,000 over a 2-year 
period for large-scale demonstrations of im
proved varieties and production technologies on 
farmers' fields in Baluchistan. 

Morocco 

Cereals are grown on 80% of the cultivated area 
in Morocco and contribute approximately 50% 
of the cash value derived from plant produc
tion. Sixty percent of the cereal acreage is 
planted to barley, 31 % to durum wheat, and 
9% to bread wheat. The production areas in

elude a variety of agroclimatic conditions, 
ranging from semi-arid to high rainfall, from 
low-elevation to mountainous areas, with each 
environment presenting its own chalienge to 
growers and scientists. 

Yields per unit area are relatively low. Low
yielding varieties, disease and insect pests, a 
combination of low fertility and limited use of 
fertilizers, moisture stress, and weed copeti
tion are some of the main factors responsible for 
the current low level of productivity. 

Besides the international nurseries, special 
germplasm was planted in 1982/83 at Annaceur 
and several other research stations. Material 
planted at Annaceur was primarily intended for 
use in high-elevation areas, whereas other loca

tions enabled screening for septoria, tan spot, 
and hessian fly. Some of the barley and durum 
lines have been identified as promising and are 
being extensively tested by the national pro
gram. We hope to further extend and 
strengthen cooperation with the Morocco na
tional program. 
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Tunisia 

The 1982/83 season was the third year of the 
collaborative cereal program between Tunisia 
and ICARDA. This season was characterized by 
continuous rains from October to January 
which accounted for 70-90% of total rainfall 
received during the season and caused delays in 
nursery planting. On the other hand, the period 
from February to April was very dry and 
resulted in a 24% reduction of national pro-
duction, as compared to the 1981/82 season. 

Barley yield trials were conducted in semi-
humid locations at Beja, Koudiat, El Kef, and 
Moghrane and at low-rainfall sites, Hindi Zi-
toun and Tejerouine. Observation nurseries andwer plntesegrgatn~zI~oulaion inmos ofsegregating. populations wvere planted in most of 

the locati, as, while disease nurseries were 
nd Bja.shortplaned a Maeur 

planted at Mateur and Beja. 

Resalts obtained have been encouraging and 

three barley lines (ER/Apam, Hobo, and WI 

2198) have been submitted to the 'Office des 

Cereales' for further testing and demonstration 

to farmers at several locations. Seed from these 
threeenmultplidlies as b' I RA to 

provide seed for further increase by national 

seed multiplication agencies during 1983/84. 

Possible release of one or more of these lines 
awaits performance results in 1983/84 season.coprtn 

In the breeding work, artificial inoculation of 
disease nurseries permitted good screening 
against scald and leaf rust in barley as well as 
tan spot and leaf rust in durum wvheat. 

In Oct 1983, the collaboi ative program was 
jointly reviewed at Tunis by ICARDA and 
Tunisian scientists. The Tunisian counterpart 
appreciated the work done by ICARDA in 
establishing a functional barley breeding pro-
gram. A Tunisian researcher was appointed as 

head of the barley program, and a request was 
made that ICARDA cereal scientists in Tunisia 
pay more attention to cereal diseases. 

In the field of cereal technology there has 
been considerable exchange of information and 
visits between Tunisia and ICARDA in an effort 
to strengthen the cereal technology laboratory 
at INRAT. Visits to ICARDA's research farm at 
Tel Hadya were arranged for other Tunisian 
staff including the head of the Beja research 
station. 

yprus 

Our collaborative program with the Cyprus 

national program emphasizes selection of barley
anwhtfocndinsfmld itead 
s hort r ona on.Th colbrin is in 

growing season. The collaboration is in 
the form of selection and testing of the germ

plasm at two or three locations in Cyprus as 

well as in the development of germplasm with 

early maturity. A number of barley and wheat 

lines selected in Cyprus are early maturing and 

are performing well in countries where short 
duration is a desirable attribute. One of thedurum lines (Sebou) which has given high grain 
dieud in se ountieshas se d in 

yields in several countries was selected in 

Cyprus. This collaborative program has pro
vided valuable testing sites and it is hoped thatvlcniuebyd194
cooperation will continue beyond 1984. 

Jordan 

Our Jordan Cooperative Winter Cereals Im

provement Project, conducted jointly by the 
University of Jordan and the Jordanian Ministry 
of Agriculture and funded by the Ford Founda
tion and the Government of the Netherlands, 
completed its fifth and final year of work. The 
project examined the economic and agronomic 
constraints which keep cereal production low in 
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Jordan. The aim was to develop a base of in- tion are used to complement the data from Tel 
formation in the different cereal-growing areas Hadya. During the 1982/83 season, all planned 
of Jordan which could be used to devise 'best- activities were carried out successfully in spite 
bet' improved practices that would optimize net of difficulties. 
return to farmers. 

A final report and major recommendations Project VII: International 
are in preparation. Meanwhile, some conclu
sions can be drawn. It is clear that the greatest Nurseries and Data Feed
impact in increasing cereal production will back System 
come from applying improved practices to the 
moderate rainfall, cereal-growing areas (>250 One of the major objectives of the Cereal Im
mm). These areas are managed more intensively provement Program is to provide the national 
and the chances of adoption of new practices programs with superior germplasm through the 
are better, because rainfall is more reliable, international nursery network for their own 
Lower rainfall areas (< 250 mm) will continue breeding programs. 
to be a low-input, high-risk proposition, with 
emphasis on barley grain and straw for animal The international nurseries also serve as 
feed. In these areas, the adoption of improved cooperative testing vehicles and provide infor
practices will be low, except for nitrogen or mation nn the extent of adaptation of geno
phosphorus applications anal weed control.omhofhseapliaons ould oreul.bed types. National programs are requested to pro-
Some of these lands could be more useful if vide their promising material to ICARDA for 
reverted to natural pasture and grazing areas. inclusion in the international nursery testing 

network. 
enough promise that the

The results show 

improved practices should now be tried on large 77% % 

plots in target areas, with the objective of en
couraging adoption by an increasing proportion _ 
of farmers each year. Funding is now being 
sought. The Ford Foundation has generously 
provided a 1-year grant to continue the work 
during 1984, while the next proposal is being 
considered by other agencies. 

Lebanon 'A 

ICARDA and Lebanese scientists collaborate in 
cereal improvement for Lebanese conditions at 
the main station of Terbol in the Bekaa Valley. 
ICARDA scientists also utilize this station as a 
high-rainfall ( >500 mm), colder site with Distribution of international nurseries to cooperators is a 
higher disease incidence. Results from this sta- major activityofcereals program each year. 
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Table 55. ICARDA international nurseries and trials, 1982/83.
 

Nursery or trial Middle 
designation East 

Barley 
Regional Yield Trial (RBYT) 25 
Observat'on Nurseries (BON) 17 
Cros'sing Block (BCB) 14 
Segregating Populations (BSP) 16 
Key Loc. Disease Nurseries (BKLDN) 6 

Durum wheat 
Regional Yield Trial (RDYT) 22 
Regional Yield Trial Rainfed (RDYT-Rf) 24 
Observation Nurseries (DON) 19 
Crossing Block (DCB) 15 
Segregating Populations (DSP) 15 
Key Loc. Disease Nurseries (DKLDN) 5 

Bread wheat 
Regional Yield Trial (RWYT) 31 
Observation Nurseries (WON) 24 
Crossing Block (WCB) 15 
Segregating Populations (WSP) 17 
Key Loc. Disease Nurseries (WKLDN) 6 

In 1982/83, 684 sets of different types of 

cereal germplasm were sent upon specific re-
quests from 83 cooperators in 42 countries. The 

number and types of germplasm distributed to 

these countries are listed in Table 55. 
Segregating populations provide a source of 

genetic diversity for selection in the local en-
vironment, and will receive increasing emphasis 
in the future. Some national programs, lacking 
manpower and material, have requested 
ICARDA to provide them with special crosses. 
The planting of segregating material in loca
tions with specific disease pressure can also be of 
great use in selection for resistance to diseases of 
importance in certain areas. 

Varieties or advanced lines are screened for 
resistance to important diseases in the region 
through the Key Location Disease Nursery 
(KLDN). Those lines showing acceptable 

Number of sets distributed 

Africa Asia Europe Others 

18 9 7 3 
17 9 8 5 
13 9 2 5 
12 3 3 2 
6 2 

9 8 7 i 
14 5 8 2 
16 7 11 2 
11 7 7 5 
10 3 7 2 
6 2 

17 10 7 1 
18 12 9 4 
10 8 4 4 
8 6 3 1 
6 2 

disease resistance and good yield potential in the 

region over 2-3 years are promoted to the In
ternational Observation Nursery. There is one 

observation nursery for each of the cereal crops. 

The observation nursery is critically examined 
for disease reaction, tolerance to prevalent 
stresses in the region, and general agronomic 
performance. The most promising lines are then 
promoted to the international yield trials. 

Computerization of the data of the interna
tional nurseries and trials conducted in the base 
program has been started. A software package 
(CEBINT) is under development. CERINT wil 
assist the breeding program, from the produc
tion of F1 generation fieldbooks through pro

grams for segregating populations up to the 
analysis of regional yield trials. The program 
will store the data from each nursery in separate 
files making it possible to extract information on 
a given cultivar from several nurseries. 
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The data from the 1982/83 observation Mekni, M.S. and Anderson, W.K. 1982. Development of 

dual-purpose barleys: grain and grazing. Pages 117-122nurseries have been analyzed by CERINT. 
1983/84 have been in Breeding High-yielding Forage Varieties Combined

Fieldbooks for the KLDN 
with High Seed Yield. Paper presented at the Eucarpia 

produced. CRISP, the Crop Research In- Meeting, Fodder Crops Section, Sept 1982, Ghent. 

tegrated Statistical Package, has been further 
developed to analyze and summarize data from Mekni, M.S. and Nachit, M. 1982. Breeding for nutritional 

yield trials. CRISP file structure is being refined quality in cereals. In The Interface Between Agriculture, 

Food Science, and Human Nutrition in the Middle East.
and utility pro-

grams CERINT.all its analysis utii wvill presented the Workshop,to incorporatein It is hopedadthat this PaperICARDA, 21-25 Febat1982, Aleppo,UNU-ICARDASyria. 

allow faster data feedback to our cooperators. 

Nachit, M. and Tahir, M. 1983. The effect of rye 

The early analysis and summarization of chromosomes in triticale on moisture stress tolerance and 

1982/83 data from international observation its yield potential in North Africa and West Asia. In Pro

sand international yield ceedings of the 6th International Wheat Genetics Sym
nurseries aa trials made posium, Kyoto, Japan (in press).
 

possible the preparation of a preliminary report
 
which was sent by the end of Nov 1983 to Srivastava, j.P., Nachit, M., Jana, S.and Niks, R.E. 1983.
 

cooperators in the region. Breeding strategies for durum wheat in rainfed areas. In 
Proceedings of the International Symposium on Durum 
Wheat, Italy (in press). 

Srivastava, J.P., Niks, R.E. and Jana, S.1983. Parallel 
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Training stability. In Proceedings of the 6th International Wheat 

Genetics Symposium, Kyoto, Japan (in press). 
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Publications 

Journal Articles Miscellaneous 

Benbelkacem, A., Mekni, M.S. and Rasmusson, D.C. 1983. 
Tiller number and yield in barley. Crop Science (in Cardona, C., Hariri, G., Haramein, F.J.E., Rashwani, A. 

press). and William,, P.C. 1983. Infestation of wheat by suni 
bug (Eurygaster spp.) in Syria. RACHIS No. 2: 3-5. 

Nachit, M. and Feucht, W. 1983. Inheritance of phenolic 
compounds, indoles and growth vigor in Prunus crosses. Cereal Improvement Program, ICARDA. 1983. Better 

Zeitschrift fIr Pflanzenzuchtung 90: 166-171. Harvests in Dry Areas. ICARDA, Aleppo, Syria. 23 pp. 

Cereal Improvement Program, ICARDA. 1983. Cereal 
Conference Papers verification trials in farmers' fields in Syria, 1982/83. 

ICARDA, Aleppo, Syria. 
Jana, S., Srivastava, J.P. and Gautam, S. 1983. Evaluation 

of genetic resources of durum wheat for environmental Cereal improvement Program, ICARDA. 1983. Cereals 

stress tolerance. Proceedings of the 6th International Int, rnaional Nursery Report 1980/81. ICARDA, Alep-

Wheat Genetics Symposium, Kyoto, Japan (in press). po, Syria. 



132 Cereal Crops Improvement 

Cereal Improvement Program, ICARDA. 1983. Cereals In-
ternational Nursery Report 1981/82. ICARDA, Aleppo, 
Syria. 

Cereal Improvement Program, ICARDA. 1983. Cereals In-
ternational Nursery Preliminary Report 1982/83. 
ICARDA, Aleppo, Syria. 

Haramein, F.J.E., Williams, P.C. and Rashwani, A. 1983. 
A simple test for the degree of damage caused in wheat 
by suni bug (Eurygaster spp.). RACHIS No. 3:11. 

ICARDA. 1983. Seed Production Technology. Proceedings 
of the Seed Production Training Course-l, ICARDA/the 
Government of the Netherlands, 20 Apr-6 May 1982, 
Aleppo, Syria. 327 pp. Available from ICARDA. 

Jana, S. and Srivastava, J.P. 1982. Conservation of genetic 
resources of wheat and barley at ICARDA. RACHIS No. 
1:5. 

Nachit, I'. 1982. Economic and nutritional importance of 
cereals and food legumes in the Near East and North 
Africa. RACHIS No. 1:13. 

Nachit, M. 1982. Effect of seedling growth vigor on yield of 
triticale. RACHIS No. 1:16. 

Nachit, M. 1983. The effect of clipping during the tillering 
stage on triticale. RACHIS No. 2:11-12. 

Nachit, M. 1983. Use of planting dates to select stress 

tolerant and yield stable genotypes for the rainfed 

Mediterranean environment. RACHIS No. 3: 15-17. 

Nachit, M. and Malik, M.A. 1983. Importance of tillering 
capacity for grain yield in triticale under rainfed condi-
tions. RACHIS No. 2:5-7. 

Ne .L. 1983. Cultural practices for cereal seed pro-
Nelson, WL193Cutrlpatcsfreeledo-

duction. Pages 100-108 in Seed Production Technology . 

Proceedings of the Seed Production Technology Training 

Course-I, ICARDA/the Government of the Netherlands, 
20 Apr-6 May 1982, Aleppo, Syria. Available from 
ICARDA. 

Rashwani, A. 1983. Introduction to the major insect pests 

of wheat and barley in the Middle East and North Africa. 

ICARDA Technical Manual No. 9. 99 pp. 

Rashwani, A. 1983. Resistance to wheat stem sawfly 
(Cephus pygnacus L.) and related species in cereals. 
RACHIS No. 2: 15-16. 

Rashwani, A. 1983. Major wheat and barley insect pests In 
Syria. RACHIS No. 2: 22. 

Bashwani, A. 1983. Effect of durum and bread wheat stem 
solidness on the percentage of infestation by wheat stem 
sawfly (Cephusspp.). RACHIS No. 2: 22-23. 

Rashwani, A. 1983. Preliminary survey of wheat stem 
,. wly (Cephus spp.) incidence in Syria. RACHIS No. 2: 
23. 

Sakkal, R. and Sukar, A. 1983. Reactions of some barley 
and durum varieties to split nitrogen application. 
RACHIS No. 2:12-13. 

Srivastava, J.P. 1983. Status of seed production in the 
ICARDA region. Pages 1-16 in Seed Production 
Technology. Proceedings of the Seed Production 
Technology Training Course-i, ICARDA/the Govern
ment of the Netherlands, 20 Apr-6 May 1982, Aleppo, 
Syria. Available from ICARDA. 

Srivastava, J.P. 1983. Durum wheat-its world status and 
potential in the Middle East and North Africa. RACHIS 
No. 3: 1-8. 

Srivastava,J.P. and Jana, S. 1983. Screeningthe wheat and 
barley germplasm for salt tolerance. In Salt Tolerance in 
Crop Plants (R. Staples, ed.). John Wiley and Sons, New 
York. 

Tahir, M. 1982. Area, population, wheat and barley 

varieties in the high elevations of the ICARDA region. 

RACHIS No. 1: 19-20. 

Tahir, M. and Ahmad, S. 1982. Effect of sowing date on 
yield of cultivated breadwheat varieties. RACHIS No. I: 
5-6. 

Tahir, M. 1983. Genetic variability in protein content of
Triticurn aestie um, T. durumn and T. icoccoide.s. 
R AC HI No. 14 -15T. . 

RACHIS No. 2:14.15. 

Tahir, M. and Shad, M.L. 1983. Preliminary studies on 
some morphological characteristics contributing to 
drought tolerance in winter cereals. RACHIS No. 2: 
9-10. 

van Leur, J. 1983. Some seed-borne diseases of wheat and 
barley. Pages 236-240 in Seed Production Technology. 
Proceedings of the Seed Production Technology Training 
Course-l, ICARDA/the Government of the Netherlands, 
20 Apr-6 May 1982, Aleppo, Syria. Available from 
ICARDA. 



Publications 133 

Williams, P.C. 1983. Incidence of stinking smut (Tilletia RACHIS No. 1: 9-10. 
spp.) on commercial wheat samples in Northern Syria. 
RACHIS No. 2:21. Zadoks, J.C. and van Leur, J.A.G. 1983. Durable 

resistance and host pathogen environment interactions. 

Williams, P.C. and Haramein, F.J.E. 1982. The screening Pages 125-140 in Durable Resistance in Crops. Plepum 

and evaluation of cereals for grain quality at ICARDA. Publication Corporation, New York. 



FOOD LEGUME CROPS
 
IMPROVEMENT
 

Previous Pa. Bkrk
 



(30K
 
Contents
 

Introduction 137
 

Faba Bean Improvement 139
 
Germplasm 139
 
Improved Faba Bean Cultivars and Production Practices for West Asia 139
 
Faba Bean Genetic Stocks for All Regions 149
 
Faba Bean Cultivars and Agronomic Practices for Low-Rainfall Environments 153
 
Development of Alternative Plant Types in Faba Bean 157
 

Lentil Improvement 162
 
Germplasm 162
 
Improvcd Lentil Cultivars for Different Environments 162
 
Seed Quality 165
 
Production Technology 167
 
Weed Control 172
 
Insect Control 173
 
Development of Wide Adaptation in Lentils 175
 
Development of Drought Tolerance in Lentils 177
 

Kabuli Chickpea Improvement 180
 
Germplasm 180
 
Improved Kabuli Chickpea Cultivars and Production Technology 180
 
Development of Improved Kabuli Chickpea Cultivars and Production Technology for
 

Winter Sowing 189
 
On-Farm Trials with Winter Sowing 193
 
Diseases and Their Control 194
 
Production Agronomy 197
 

Role of Food Legumes in Dryland Agriculture 199
 

Collaborative Projects 200
 
International Testing Program 200
 
Nile Valley Special Project 201
 
ICARDA/Tunisia Cooperative Project 203
 
ICARDA/ARC (Syria) Cooperative Project 208
 

Publications 208
 

Cover: Kabuli chickpeas,faba beans, andlentils (left to right) are the threefood legumes on which 
researchis carriedout by the Food Legume Improvement Programof ICARDA. 



Food Legume Crops Improvement
 

Introduction Increasing the productivity and yield stability of faba beans 
(Vicia jaba), lentils (Lens culinaris), and kabuli-type 
chickpeas (Cicer arietinurn) continued to be the major ob
jective of the Food Legume Improvement Program (FLIP). 
These three food crops are important as a cheap source of 
high-quallity protein in the diets of the people in West Asia 
and North Africa, as well as many other developing countries 
in the world. Incorporation of these legune crops in cereal
based rotations improves the overall productivity of the 
whole cropping system and reduces its dependence on 
nitrogen fertilizer. The by-products of these food legumes 
serve as valuable animal feed. 

'_ _ - I - ICARDA has a world responsibility for research on faba 
beans and lentils. Research on kabuli-type chickpeas is a joint 
activity with ICRISAT (International Crops Research In
stitute for the Semi-Arid Tropics), based in India, which hasI)> '. 	 the world responsibility for research on chickpeas. A breeder 
and a pathologist from ICRISAT are based at ICARDA to 
complement research on kabuli-type chickpeas. 

FLIP's past research has demonstrated that the major con
straints to higher production of faba beans, lentils, and 
kabuli-type chickpeas include inherently low yield potential 

.. of the existing landraces; high instability in yield because of~, 
their susceptibility to a number of diseases, insect pests, 
parasites, and environmental stresses; and unimproved 
methods of production including expensive hand harvesting 
and lack of mechanized harvesting techniques. The major 
research emphasis of the program during the 1982/83 season 

Food legumes are a cheap source of high- therefore continued to be on devising ways and means to 
quality protein in the diets of the people. overcome these constraints. 
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Research on improvement of each of the three 
crops was organized into specific research pro-
jects, each involving a multidisciplinary team of 
researchers. The major research work was car-
ried out at ICARDA's main station at Tel 
Hadya, following the prevailing cropping se-
quences for these legumes. For the development 
of faba bean genotypes and production techni-
ques for assured moisture supply conditions, the 
crop was provided irrigation to supplement the 
seasonal precipitation. A coastal subsite at Lat-

takia (Syria) was used for studies on resistance 
breeding and control of faba bean diseases and 
some pests, as the environmental conditions 
there facilitate the development of artificial 
epiphytotics. This and other subsites in northern 
Syria (Jindiress, Kafr Antoon, Breda), with the 
ICARDA subsite at Terbol in the Beqa'a valley 
of Lebanon, provided a range of environments 
for evaluation of the genetic material and 
technology being developed in the program for 
wider adaptation. Such an evaluation is impor-
tant before the improved genotypes and pro-
duction techniques are transferred to national 
programs through international nurseries and 

trials for local testing and adaptation. To 

reduce the time needed for developing improv-
ed genotypes, off-season nurseries were raised in 

summer at high-elevation sites: for lentils at 
Shawbak in Jordan, for faba beans at Shawbak 
and Bab Janneh (northern Syria), and for 

chickpeas at Terbol (Lebanon) and Sarghaya 
(Syria). 

The faba bean improvement projects includ-

ed: (1) development of improved cultivars and 
Asia, (2)production practices for West 

development of genetic stocks for all regions, (3) 

development of cultivars and agronomic prac-

tices for production under low-rainfall condi

tions, and (4) development of alternative plant 

type. The research 	projects on lentil improve-

ment included: (1) development of improved 

cultivars and technology for different 
agroecological situations, (2) development of 
wide adaptation, and (3) development of 
drought tolerance. The research on kabuli-type 
chickpeas was conducted in two projects: (1) 
development of improved kabuli chickpea 
cultivars and production technology, and (2) 
development of improved kabuli chickpea 
cultivars and production technology for winter 
sowing. Scientists from the Farming Systems 
Program collaborated with us in economic 
evaluation of production practices, control of 
weeds (including the parasitic weed Orobanche 
spp.), symbiotic nitrogen fixation, and soil fer
tility and soil moisture evaluation. 

Our past results from international nurseries 
have highlighted the need for a more decen
tralized approach to breeding to ensure that 
national programs beyond the 'home region" 
(Syria, Jordan, Lebanon) also benefit ex
peditiously from ICARDA' research. Efforts 
are, therefore, being made to select genotypes in 
localities where they are to be grown. A col
laborative research project on food legumes 
started in Tunisia in the 1981/82 season with the 

posting of two ICARDA legume scientists, to 
form a base from which a decentralized 
breeding strategy for the North Africa region 
could be started. The applied special project on 
faba beans in the Nile Valley continued to pro

vide an important regional dimension for food 
legume research in irrigated farming systems. 
The identification of sites at which to develop 

for high-altitude enregional programs 	 morevironments in West Asia and in the 
southernly latitudes 	in the Indian subcontinent 

in the ndsuontinalwill enle us 
to meet the needs of nationalwill enable us 

programs in those regions more effectively. 

To get the best pay-off from the resources 
available to the program, our research efforts at 

the Center have been mainly of an applied 
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nature. The collaborative projects with national Table 1.Number of lines grown in the screenhouse from the 

programs have generally placed the emphasii on faba bean germplasm collections at Tel Hadya, 1983. 

adaptive research. To meet the needs of basic No. of 
research, support of advanced institutions is lines Material Purpose 
sought, and links have already been established 

ILB accessionswith several institutions in Canada, France,Ita- 523 Develop BPL accessions - 2634 BPL accessionsfrom ILB 

ly, The Netherlands, UK, and West Germany. derived. 
560 BPL Generation advance one selfing 

cycle. 
330 BPL Increase seed supply of advanced 

Faba Bean Improvement generation BPLs.1
1357a ILB 	 Increase seed supply of ILB ac

cessions with low seed stocks. 

a. Of these 696 were grown in the open.Germplasm 

The ILB' collection stood at 2853 accessions in A collaborative project with the University of 
Dec 1983. A total of 523 ILB accessions from Reading, UK, continued to look at the 
China, Cyprus, Egypt, Morocco, Spain, and possibilities of crossing Vicia faba with other 
Sudan were multiplied in the screenhouse for species of the genus Vicia. 
the first cycle of selfing to produce BPL 2 acces
sions (Table 1). Approximately 2634 new BPL 
accessions will be developed from the ILB ac- Improved Faba Bean Cultivars 
cessions. Seed was increased of 330 BPL acces- and Production Practices for West 
sions, and 560 BPL accessions were advanced 
one selfing cycle. For ILB accessions, 661 were Asia 
increased in screenhouses and 696 in the open. Faba beans in West Asia are grown under high 

As many as 1365 accessions from both ILB rainfall/supplementary irrigation. To obtain 

and BPL collections were distributed to 18 high and stable yields, genotypes with high 

countries including Canada, Egypt, Ethiopia, yield potential and resistance to Ascochyta 

Morocco, Peru, Sudan, Tunisia, UK, USA, and fabae, Botrytis fabae, Orobanche crenata, and 

Yemen Arab Republic. Ditylenchusdipsaci are needed. Emphasis was, 
therefore, placed on developing such genotypes 

Some of the BPL accessions were evaluated and suitable production techniques including 

for resistance to ascochyta blight (Ascochyta the control of diseases, insect pests, and weeds. 

Jabae), chocolate spot (Botrytis fabae), rust 
(Uromyces Jabae), and stem nematodes 
(Ditylenchusdipsaci), and results are described Development of Cultivars and Genetic 
in a later section. Cooking time was also Stocks 
measured. It ranged from 85 to 320 minutes. Sources of resistance to Ascochyta sp., Botrytis 

sp., and Orobanche sp., identified from the 
1. ILB = ICARDA Legume Faba Beans 	 germplasm, have been increasingly used in the 
2. BPL = Faba Bean Pure Line 	 crossing program. For the 1982/83 season, 164 
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irrigated. 

of 234 crosses invol'ed at least one parent resis

tant to (l)~raste2). Thi aplroa ~Taabl 	 h 
dif-at least one parasite-resistantIn addition,parent

continue.involving willin each cross 

f rent sources of resistance w ere intercrossed forTr 
ia (35 crosses)Bo ryis (17 crosses) and Ascoch 

levels of resistance andto increaseat Lattakia 
e t h n *Boreit n 

develop lines with rstactomore thnone 

strain of the pathogens. 

Yield po te n tial . Replicated yield trials o f 2 6 6_ 

lines w\ere conducted at Tel Hadya with irriga

tion during the 1982/83 season (Table 3). The 

highest yield reported in a replicated trial was 

of 43 entries exceeded the
4080 kg/ha. A total 

best check. Of these entries , 22 ere large and 
lines

21 were small seeded. The number of 

tested in prelininary yield trials will e in-

creased significantly by using two-row plots and 

two replicates. 

of crosses nm de for each trait (excludingle 2. Number Numhero 
ladya, 198283. 

crosses for determinae plant type) at Tel 

rse 
t (56

Oraoc 'hjft Slp. rsistance 
l.reiane6Asoht 

42 
ris spp. resistance' 28

Yield 22
Earliness 

20 
Drougzht resistance 

234
T tal _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 

ere tested in eightAt Terh~o. 154 lines 
ere lost in one trial, so

replicated trials. Plots 
yzed. There ere 42 

on l seven trials ere ana 
the best check. Of these,

lines that exceeded 
to h0th Terhol and Tel

eight were common 

Hadva. 



Table 3. Summary of results from the irrigated faba bean yield trials grown at Tel Hadya in Syria and at 7i;bol in Lebanon. 1982/83. 

Tel Hadya 'Terbol 

Nighest No. of lines Highest No.of lines 
Trials/nurseries Number of vi'ld exceeding CV yield exceeding CV 

(Number) lines tested (kg/hal) best check (%) (kg/ha) best check (%) 

Preliminary Yield Trials 46 3820 6 a 13-14 NG 
Large Seeded (2) 

Preliminary Yield Trials 66 4050 81) 12-17 NG 
Small Seeded (3) 

Advanced Yield Trials 43 3910 12-13 3350 24"--b 21-221 1 a 

Large Seeded (2) 
Advanced Yield Trials 42 3570 b 15-16 3900 3 a 18-210
 

Small Seeded (3)
 
4 aRegional Yield Trial 23 4070 12 3450 8 a 28 

Irrigated 

International Yield Trial 23 4080 Ia 10 7 223 5 50 a 

Large Seeded
 

I3 CInternational Yield Trial 23 3680 14 NA 
Small Seeded 

lt erlatioma - 4010 10Scr .ening 30 4 a NA 
Nors'ry. L.arg' Seeded I 

Int-rnatioial Screening' 46 4490 16!) 27 NA 
Nors'ry. Small Seedd' 

a. Best cltck was 11.13 1814. 1. Best chck %aslI.B 1813. c. Best 'heck was ILB 1812. 1. Unreplicated. 
NA Not analyzed doe to los of plots. NG = Not grown. 
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Thirty entrics from the large-seeded and 46 made and the F1 grown in the off-season. These 
from the sraall-seeded International Screening will be screened at Lattakia in the 1983/84 
Nursery were tested at both Tel Hadya and season. 
Terbol. Data were available from the Tel 
Hadya trial only (Table 3). Of the tested lines at From the crossing program, lines with good 
Tel Hadya, 4 and 16 exceeded the best check for resistance to diseases and with high yield 
the large- and small-seeded trials, respectively, potential have been identified. Of 43 lines tested 

in preliminary large-seeded yield trials in 
From 446 lines tested in preliminary screen- 1982/83 at Te Hadya, eight had high levels of 

ing nurseries for small-seeded lines, 134 were stable resistance to chocolate spot and also high 
selected for testng in preliminary yield trials in yield (Table 4). 
1983/84, and from 127 lines tested in large
seeded preliminary screening nurseries, 54 were 
selected. 	 Table 4. Yield and chocolate spGt resistance of lines in 

nreliminary yield trials at Lattakia, 1982/83. 

Yield Disease
Disease resistance. Most of the disease resistance Line (kg/ha) score 1 

work was carried out at Lattakia, where en
vironmental conditions were conducive to the S 81057-5 3220 ± 185 3S 81071-1 3150 ± 1853 
development of natural epiphytotics. To ensure s 81((6-16 3000 ± 185 3
 
proper screening, however, artificial S 81056-7 2940 ± 185 1
 
epiphytotics were developed. S 81064-15 3540 ± 276 1
 

s 81062-8 3270 ± 276 1
 
Ascochyta blight: Variou. sources of resistance S 81065-8 320 ± 276 1


S 81055-5 3120 ± 276 3 
were used to make 66 crosses for ascochyta S81064-8 3020 ± 276 1
 
blight in 1982/83 and these will be screened in ILB 1814 (check) 3470 ± 348 9
 
1983/84 at Lattakia. From screening of 1080 1. Score of 1-9: 1= highly resistant 9 = highly susceptible. 
F41ines, 63 were fotind resistant with a disease 
score of 3 or lowe. on a 1 to 9 scale. Of these, 45 
were increased in the off-season nursery for Diseases and Their Control 
preliminary yield trials in 1983/84. From 2252 
F3 lines, 855 single-plant selections were made. Although faba beans in West Asia are affected 
F, populations were also tested and 135 single by several diseases, chocolate spot, ascochyta 
plants were selected. blight, rust, and stem nematodes are the most 

important Practical management of these 
Chocolate spot: Adopting a two-cycle screening diseases should mainly depend on the use of 
technique, considerable progress was made in resistant cuitivars, and efforts in that direction 
identifying promising sources of resistance to B. continue. For developing suitable protection 
Jaba,.Of 574 F4 lines tested, 187 rated resistant strategies, studies are needed on the 
(3 or lower score) and 45 of them were increased epidemiology of the diseases, variability in the 
in the off-season nursery for preliminary yield pathogens, and the scope of chemical control in 
trials. From F, populations, 839 single-plant combination with host resistance. Some of these 
selections were made and will be screened in the aspects were studied during the 1982/83 season 
1983/84 season. Forty-two new crosses were at Lattakia. 
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Chocolate spot. Host-pathogen interaction 

studies in the past indicated the existence of 

pathogenic variability among different isolates 

of Botrytisfabae but the race status could not be 

determined because the isolates were obtained 

from a single lesion on a single plant. In 1982, 
32 isolates from faba bean growing regions in 

Lattakia and Tel-Kalakh in Syria and Doha in 

Lebanon were examined for their virulence on 

chocolate spot resistant (BPL 710, 261, 1179) 

and susceptible (ILB 1815) genotypes using a 

detached leaf technique. There were significant 

differences among different isolates within each 

of the populations of the three regions. Based on 

the type of lesions, the isolates could be grouped 

into three races (Table 5). Race 1 was different 

from races 2 and 3 because it was able to infect 

BPL 1179. Race 2 was different from race 3 as it 

infected BPL 1179 and II.11 1815. More survey 

work will be carried out in 1983/84 to get a bet-

ter understanding of the variablity in B. fabae. 

Studies on chemical control of chocolate spot 

in the past indicated that vinclozolin (Ronilan 

50 WP) was an effective fungicide. In the 

1982/83 season a pot study involving artificial 

inoculation was undertaken to find out if the 

number of fungicide sprays could be reduced by 

relating the spray to the duration of leaf wetness 

rather than using a spray schedule based on 

phenology. A certain minimum period of leaf 

wetness is a prerequisite for germination of 

spores and initiation of disease. Results revealed 

Chocolate spot, caused by B. Jaba'. is a serious disease of 

faba beans. 

that the fungicide spray was necessary only 

when the leaves remained wet for 4 hours or 

r :ore (Table 6). 

Ascochyta blight. The combined effect of 

moderate host resistance and chemical 

treatments in controlling ascochyta blight was 

evaluated in a field experiment tinder artificial 

inoculation with the pathogen. Of the three 

fungicides tested (Table 7), Bravo 6F 

(chlorothalonil) resulted in the best disease con

trol and the highest green pod yield of faba 

beans. Dithane M45 (mancozeb) also proved 

effective particularly with the moderately 

Table 5.Reaction of certain genotypes of faba bean to three different isolates of Botrytisfabacat Lattakia, 1982/83. 

Disease reaction I of 

Isolate and 
origin Race BPL 710 

faba bean genotypes 
BPL 261 BPL 1179 ILB 1815 

TK Tel Kalakh 
DOH Doha 

LAT Latakia 

1 

2 
3 

R 

R 

R 

R 

R 

R 

S 

M R 

R 

S 

S 
MR 

1. R = resistant; MR = moderately resistant; S = susceptible. 
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Table 6. Vinclozolin application as related to duration of leaf wetness to control chocolate spot in faba bean at Lattakia, 
1982/83. 

Treatments I 

Sprayed after 0 hr LW 
Sprayed after 2 hr LW 
Sprayed after 4 hr LW 
Sprayed after 8 hr LV 
Sprayed after 16 hr LW 
Sprayed aftir 32 hr LW 
UrIsprayed 

1. Leaf wetness (,\W). 

Disease reaction
2 

BPL 7 10a BPL 1179 BPL 261 ILB 1814 

1.5a 2.Of 1.5k 3.0q 
1.5a 3.Of 2.5k 3.5q 
2.5a 3.5f 3.0k 5.0(1 
4.01) 3.5f 4.01 6.5r 
4.01 5.0h 4.5m 7.5s 
5.01) 6.Oi 5.5a 8.5t 
5.5c 6,0i 6.0p 9.Ot 

2. Disease rating was done on a 1-9 scale. 
a. Nmnbers followed by different letters are significantly (P <0.01) different according to Duncan's multiple range test. 

Table 7. Influence of chemical treatments and host genotypes on severity of ascochyta Mlight and green pod yield in faba bean 
at Lattakia, 1982/83. 

Giza 4a ILB 1814 

Disease Yield Disease Yield 
Fungicides and rates] severity 2 (kg/ha) severity (kg/ha) 

Bravo 6F (1.5cc/1) 3.Oa 6250e 2.3h 6708j 
Dithane M45 (1.5g/1) 4.3b 4766f 2.3h 6316j 
Benlate 50% (0.5g/1) 7.Oc 1958g 5.Oi 4458k 
Untreated (control) 8.3d 1583g 5.6i 3791k 

1. Fungicides were applied in 600 liters of water per hectare. 
2. Disease rating was done on a 1-9 scale. 
a. Within a column, different letters indicate significant differences at the 5% level (P<0.05) according to Duncan's multi

ple range test. 

resistant genotype ILB 1814. Benlate 50% 
(benomyl) was ineffective in improving the 
yield, although it partly reduced the disease 
severity in the susceptible genotype Giza 4. 

Stein nematode. The stem nematode (Ditylen-
cit us dipsaci) is a destructive seed and soilborne 
pathogen of faba bean. Infected seeds play an 
important role in its survival and dissemination. 
The possibility of producing nematode-free seed 
through the use of a systemic nematicide, 
aldicarb (Temik 1OG, at the rate of 10 kg 
a.i./ha), on soil infested with different popula-
tion densities of the nematode, was in-

vestigated. Population densities of 0, 40, 100, 
300, 720, and 6500 larvae per 1000 cc soil were 
established. Application of aldicarb reduced the 
initial population level to 0, 16, 28, 80, 240, and 
2400 larvae per 1000 cc soil in the respective 
treatments. 

As the population of stem nematode increased 
(Fig. 1), there was an increase in the plant and 
seed infection, and a decrease in the seed yield. 
Aldicarb application significantly decreased the 
plant infection and resulted in significant yield 
increase at population densities of 100 or more 
larvae per 1000 cc soil. Seeds obtained from 
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plots treated with aldicarb were free from the nature, did not appear this se;,sun. The 
nematode at all levels except the highest economic analysis of this seasons response to 

nematode population. previously recommended practices for insect 

control (Fig. 2) suggested that the attempt to 

control Sitona spp. weevil was less profitable 

than sprays against foliar insects.v4 500 

4i400 . 
Table 8. Effect of different insecticidal regimes on the300-

Untreated 	 yields of Syrian local medium faba beans at Tel liadya, 
1- 200 with aldiearb 	 ___-----Treated1982183. 

C 01 Yield % Yield 
I I I Treatment (kg/ha) increase 

60-	 Full protection (FP)1 3297 8.1 
.o 	 FP less soil insecticide 3329 9.1 

FP40less preflowering sprays 3207 5.1 
FP less postflowering sprays 3266 7.2 

C Check 3051 
20 Recommended protection (RP) 2 3235 6.0 

- - RP less soil insecticide 3220 5.5 
0 .P 	 R less foliar spray 3227 5.8 

.2 	 LSD (5%) for yields NS 

S 10 CV (%) 	 6.0 

0 40 100 300 720 6500 1. Soil insecticide (carbofuran) plus seven foliar sprays 
with methamidophos or endosulfan. 

Population of 0. diosaci 2. Soil insecticide (carbofuran) plus one foliar spray with 
(No. of larvae/1000 cc soil) methamidophos. 

1000-
Fig. 1. Effect of aldicarb application on the percent seed 
and plant infection and seed yield of faba bean at different 
population densities of Ditylhnchus dipsaci in soil at Lat- - 800 - One foliar spray 
takia, 1982/83. J 

Insects and Their Control 	 600
>• Soil Insecticide 

Studies were cotinued to quantify yield losses, 0 at planting 
identify the key pests damaging the crop at ~Soil S i idinsecticide + 

various growth stages, and select the most ap- one foliar spray 
propriate insect control technology. Chemical ,- 200 
control of Sitona spp. weevil through granular 

insecticides and/or foliar sprays against Apion II 
spp., thrips, and bruchids did not significantly 200 400 600 800 

increase yield (Table 8) suggesting that none of Increase In cost (SL/ha) 

these became a major pest in the 1982/83 Fig. 2. Cost - benefit relationships for insect control alter

season. Aphids, whose occurrence is of a cyclic natives in faba beans at Tel Hadya, 1982/83. 
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Since previous results on the economic im-
portance of Sitona spp. weevil (mainly Sitona 
limosus) were inconsistent, a trial was con-
ducted again to measure the yield losses due to 
Sitona spp. larval and adult damage. Even with 
a high population of Sitona spp. (tip to 27% 
nodule damage) neither highly efficient larval 
control with granular insecticides nor less effi-
cient foliar sprays against adults had a signifi-
cant effect on yield (Table 9), and crop growth 
and nitrogenase activity (Fig. 3). 

For studying the biology of stem borer (Lixus 
algirus), a technique for artificial infestation of 
faba bean plots was developed. The oviposition 
period lasted from mid-January to late April. 
The duration of different stages was as follows: 
egg, 13 to 15 days; larva, 30 to 40 days; pupa, 
15 to 20 days. Attempts to control this insect 
should be made at the peak of adult activity, 
which was between mid-February and mid-
March. The artificial infestation technique will 
be used next season to measure the yield losses 
due to stem borer. 

Production Practices 

Planting date and plant population. Response of 
the Lebanese Local large-seeded landrace (ILB 
1816) to date of sowing and plant population 
was studied in a Faba Bean International Date 
of Planting/Plant Population Trial (FDPPT-83) 
at Terbol. Consistent with observations in !he 
past, advancing the sowing date from 31 Jan to 
12 Nov and increasing the population from 16.7 
plants to 33.3 plants/m2 increased the total 
biological yield. However, the seed yield (Table 
10) was highest with an ibtermediate date of 
sowing (10 Dec). Frosty weather coinciding 
with the early reproductive growth of the crop 
sown before December nullifies the potential 
yield advantage of early sowing. There was no 
seed yield increase with increases in plant 
population beyond 25 plants/m2 . 

Starter nitrogen. There are variable reports on 
the response of faba beans to starter nitrogen 
application. A trial was, therefore, conducted 

Table 9. Efficiency of insecticidal combination to control Sihona spp. weevils in faba beans and their effect on yield at Tel 
Hadya, 1982/83. 

% efficiency 

Adult 
control' 

Larval 
control 2 

against 
adults 

against 
larvae 

Yield 
(kg/ha) 

%yield 
increase 

Yes With carbofuran 93.8 99.6 3606 11.2 
No With carbofuran 95.4 93.6 3541 9.2 
Yes With heptachlor 90.7 99.2 3481 7.3 
No With heptachlor 34.0 97.3 3345 3.1 
Yes No 67.0 3254 0.3 
No No 3243 

LSD (5%) foryields: NS
 
CV (%) for yields = 8.2
 

1. Four sprays with methidathion 0.5 kg a.i./ha. 
2. With carbofuran 1.0kg a.i./ha or heptachlor 2.0 kg a.i./ha. 
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Fig. 3. A comparison of mean nitrogenase activity (C2H4 production) and mean plant dry weight with time for faba bean 
(Syrian Local Medium) where plants were treated with Heptachlor (H) or Carbofuran (C) for protection against Stona spp. 
weevil larvae and with Methidathion (M) for adults, Tel Hadya, 1982/83. 
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Table 10. Effect of date of sowing and plant population on seed yield (kg/ha) of faba bean (ILB 1816) at Terbol, Lebanon, 
1982/83. 

Plant population/m 2 

Date of sowing 33.3 25.0 

12 Nov 2865 2753 
27 Nov 2262 2742 
10 Dee 3194 2831 
31 Jan 2696 2698 
Mean 2754 2756 
CV (%) Sowing date 

Population 
LSD (5%) Sowing date (D) 

Population (P) 
DXP 

during 1982/83 to study the nitrogen status and 
productivity of faba beans as affected by starter 
nitrogen arplication at 20 and 40 kg N/ha. A 
large-seeded genotype ILB 1814 (172 g/100 
seeds) and a medium seed size genotype ILB 
1813 (148 g/100 seeds) were included, as the 
seed size may affect the amount of nitrogen 
available to the seedling initially. The nitrogen 
concentration in the plant, studied at 45, 60, 75, 
90, and 154 days after emergence, was not af-
fected by treatments except at the first stage 
when it increased with starter nitrogen. Seed 
yield and total nitrogen accumulation per plant 
were decreased with the higher rate of starter 
nitrogen in ILB 1813 but were not affected in 
ILB 1814. These studies showed that the crop 
did not benefit from starter nitrogen application 
and that higher doses may even have a negative 
effect on some genotypes. 

Environmental constraints to production. The 
cooperative study with the faba bean research 
group of the European Economic Community 
on 'Growth and development of faba beans in 
relation to specific environmental conditions", 
started in 1981/82 season, was continued using 
two genotypes of European origin (Minica and 

20.0 16.7 Mean 

2650 2722 2748 
2676 2247 2482 
2770 2555 2838 
2159 2548 2525 
2564 2518 

13.5 
11.5 

128 
109 
434 

Herz Freya) and two of Mediterranean origin 
(Aquadulce and Giza 3). While in 1981/82 the 
effects of both soil moisture and mineral 
nutrient supply were studied, in 1982/83 the ef
fect of moisture supply (rainfed vs assured 
moisture through irrigation) only was studied. 
The growth season was cooler than average and 
temperatures below zero were recorded on 52 
nights in the whole season. This affected the 
growth, development, and productivity of the 
genotypes and their response to moisture supp
ly. The genetic differences for adaptation to 
temperature conditions were reflected in the 
reaction of the test genotypes to frost (Table 11). 
Giza 3, a genotype originating from a relatively 
warmer winter environment proved most 
susceptible to frost, followed by Herz Freya and 
Minica, the two spring types from Europe. The 
susceptibility of Giza 3 and Herz Freya to frost 
was increased under improved soil moisture 
supply (Table 11). The low temperature condi
tions of the 1982/83 season limited the overall 
productivity of even the well adapted genotype 
Aquadulce to only 5682 kg/ha (Table 12) as 
against more than 8000 kg/ha in 1981/82. The 
potential benefit of improved moisture supply 
was also reduced because of the unfavorable 
temperature conditions. 
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Table 11. Frost damage in four diverse faba bean genotypes in relation to moisture supply at Tel Hadya, 1982/83. 

Percent plants affected by frost in 

Irrigated plots 	 Rainfed plots 

Genotype Killed Damaged Total 	 Killed Damaged Total 

Aquadulce 0.0 10.8 10.8 0.0 10.8 10.8 
Giza 3 26.2 36.2 62.4 6.0 45.3 51.3 
Herz Freya 20.0 41.6 61.6 5.6 30.1 35.7 
Minica 5.8 27.5 33.3 8.1 43.1 51.2 

Table 12. Total recoverable biological yield (TBY), seed yield (SY), nitrogen yield, seasonal evapotranspiration (ET), and 

water-use efficiency of four diverse genotypes of faba bean under rainfed and assured moisture conditions at Tel Hadya, 

1982/83. 

Moisture Yield (kg/ha) 

supply Genotypes TBY SY 

Assured Aquadulce 5682 3113 
Giza 3 3501 1949 
Herz Freya 5007 2207 
Minica 3280 1307 

Rainfed 	 Aquadulce 5585 2192 
Giza 3 4228 2107 
Herz Freya 4262 1725 
Minica 3571 1698 

Weed control. Crop losses from weeds at Hama, 
Lattakia, Tel Hadya, and Terbol in the Inter-
national Faba Bean Weed Control Trial 
(FBWCT-83) amounted to 22, 57, 33, and 
52%, respectively. Preemergence herbicides 
were also evaluated in this trial. Since some 

herbicide-treated plots at Lattakia and Terbol 
were lost, yield results for only Tel Hadya and 
Hama are presented in Table 13. Th. trial at 
Tel Hadya was rainfed and that at Hama was 
irrigated. Of the various herbicide treatments, 
cyanazine at 0.5 kg a.i./ha at Tel Hadya and 
cyanazine + pronamide both at 0.5 kg a.i./ha at 
Hama proved most effective and resulted in 
yields equal to that from the 'weed free' treht-

Total N Water-use effi

yield ET ciency (kg/ha/mm) 

(kg/ha) (mm) TBY SY 

109.8 351 16.2 8.9 
78.4 356 9.8 5.5 

104.2 439 11.4 5.0 
59.4 387 8.5 3.4 

137.6 308 18.1 7.1 
117.6 297 14.2 7.1 
94.6 310 13.7 5.6 
85.7 287 12.4 5.9 

ment. Since several other herbicide treatments 
also proved effective, there is a possiblility to 
choose, based on price and local availability. 

Faba Bean Genetic Stocks for All 
Regions 

The demand for genetic stocks with special 
traits such as adaptation to a specific environ
ment, resistance to one or more common 
pathogens and pests has continued to grow. 
Hence development and distribution of such 
genetic stocks was given high priority during the 
1982/83 season. 
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Table 13. Effect of weed control on yield of faba bean in the International Faba Bean Weed Control Trial (FBWCT-83) at 
Tel Hadya and Hama, 1982/83. 

Weed control treatment 

Weedy check 

Weed free 

Weeded twice 

Chlorbromuron at 1.5 kg a.i./ha 

Methabenzthiazuron at 3 kg a.i./ha 


Terbutryne at 2.5 kg a.i./ha 

Cyanazine at 0.5 kg a.i./ha 

Cyanazine at I kg a.i./ha 

Chlorbromuron + Pronamide at 0.5 kg a.l./ha 

Methabenzthiazuron + Pronamide 

Terbutryne + Pronamide 

Cyanazine at 0.5 kg a.i./ha + Pronamide 


CV (%) 
LSD (5%) 

Disease Resistance 

Work to develop disease-resistant sources in-
cluded screening BPL accessions for resistance 
to Ascochyla spp., Botrytis spp., and Uromyces 
spp., and to stem nematode (Ditylenchusspp.). 
Also, known sources of resistance to chocolate 
spot, ascochyta blight, and rust were 
distributed in internationai nurseries. 

Screening of pure lines for disease resistance. 
For chocolate spot, 200 BPL accessions were 
screened, but because of flooding this work will 
be repeated in 1983/84. For ascochyta blight 
and stem nematodes another 200 BPL accessions 
were screened and all found susceptible. 
Separate screening of 200 BPL accession for rust 
resistance enabled 81 single-plant selections to 
be made from one line with a rating of 3, and 35 
with a 5 rating (on a 1-9 scale). Screening and 
selection will continue with BPL accessions in 
1983/84. 

Yield (kg/ha) 
Tel Hadya Hama 

882 4844
 
1304 6144
 
1298 6141
 
913 5914
 

1135 6105
 

1136 6358
 
1278 5952
 
1201 5883
 
1217 6105
 
1136 6210
 
1061 5699
 
1200 6502
 

15.7 7.8
 
254 667
 

Multiple disease resistance. Genetic stocks with 
multiple disease resistance would be of great 
importance in developing faba bean cultivars 
with stable yields. The 20 most promising 
selections made from the pure lines in the past 
were evaluated for resistance to five different 
diseases and stem nematode, and the results are 
presented in Table 14. 

International disease screening nurseries. Seed 
from sources resistant to chocolate spot, 
ascochyta blight, and rust, identified from 
screening the ICARDA germplasm collection, 
was distributed to Algeria, Canada, Egypt, 
Tunisia, and UK as international disease 
nurseries in 1982/83. Three lines (BPL 710, 
1179, and 1196) were found resistant or highly 
resistant to chocolate spot across three locations 
(Egypt, Syria, and UK) in the Faba Bean 
International Chocolate Spot Nursery 
(FBICSN-83). BPL 1196 is a new source of 
multilocation resistance to chocolate spot. The 
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Table 14. Multiple disease resistance of certain faba bean germplasm lines at Lattakia, 1982183. 

Line BPL Rust 

Sel. 82 Lat. (31) 27 NT 

Sel. 82 Lat. (47) 40 NT 

Sel. 81 Lat. (24638) 112 NT 

Sel. 81 Lat. (24694) 261 NT 

Sel. 81 Lat. (24698) 266 MR 


Sel. 81 Lat. (24701) 274 MR 

Sel. 81 Lat. (24857) 710 MR 

Sel. 81 Lat. (24801) 470 MR 

Sel. 79 Lat. (70015) 74 NT 

Sel. 80 Lat. (14434) 471 NT 


Sel. 80 Lat. (14435) 472 NT 

Sel. 80 Lat. (14422) 460 NT 

Sel. 81 Lat. (25114) '.821 NT 

Sel. 81 Lat. (24996) 1538 HR 

Sel. 81 Lat. (25001) 1544 NT 


Sel. 81 Lat. (25003) 1546 NT 

Sel. 81 Lat. (25007) 1550 NT 

Sel. 81 Lat. (25011) 1556 NT 

Sel. 81 Lat. (25075) 1686 NT 

Sel. 81 Lat. (24948) ILB 938 HR 


MR = Moderately resistant, HR = Highly resistant, NT 

data returned for the Faba Bean International 
Ascochyta Blight Nursery (FBIABN-83) showed 
that several lines were resistant to moderately 
resistant in Syria and Canada (BPL 460, 471, 
465, 2485, ILB 161, 37, and A2). Two new 
sources of multilocation resistance to ascochyta 
blight are BPL 465 and a selection from ILB 
161. Data were returned from only Syria and 
Egypt for the Faba Bean International Rust 
Nursery (FBIRN-83). Ten lines were resistant or 
highly resistant in both countries (BPL 266, 274, 
461, 1055, 1056, 1058, 1538, 1543, ILB 938, 
and 80 Latt 15563-3). 

Recombination of disease resistance with local 
adaptation. The results of international trials in 
previous years have shown that selections made 

Stem- Alter- Chocolate Asco- Stem 
phylium narla spot chyta nematode 

NT NT NT NT MR 
NT NT NT NT MR 
MR HR MR NT NT 
HR HR HR NT NT 
HR HR MR NT NT 

HR HR MR NT NT 
MR MR HR NT NT 
HR HR MR NT NT 
NT NT MR HR NT 
NT NT NT HR NT 

NT NT MR HR NT 
NT NT NT HR NT 
HR HR MR NT NT 
MR HR MR NT NT 
HR MR MR NT NT 

HR MR MR NT NT 
MR HR MR NT NT 
MR HR MR NT NT 
MR HR MR NT NT 
HR MR HR NT NT 

= Not tested. 

in Syria and Lebanon are of little value as direct 
introductions into the markedly different ir
rigated environment in the Nile Valley. 
Similarly, there has been little indication that 
the adaptation of selections made in West Asia 
will hold in rainfed conditions in North Africa. 
There is clearly a need to recombine identified 
sources of resistance with local adaptation. For 
example, BPL 1179, a selection from Colom
bian germplasm, has been found resistant to 
Botrytis Jabae in Egypt, Syria, and UK. 
However, it is poorly adapted to each location 
and must be used in recombination before the 
source can be exploited. 

At Tel Hadya, local germplasm from Egypt, 
Morocco, Sudan, and Tunisia was used for 
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crossing to disease-resistant, early, End deter-
minate lines. A total of 111 crosses were made: 
Tunisia 7, Morocco 27, Sudan 24, Egypt 53. F2 
bulks from these crosses will be grown in the 
1983/84 sezron and F3 bulks will go into the 
1985 international F3 trials. Also, F3 progeny 
rows will be grown and lines fed into 
preliminary trials. This is in addition to selec-
tion of disease-resistant F2 plants at Lattakia for 
development of disease-resistant lines for yield 
testing. 

Resistance to Orobanchecrenata 

In 1982/83, 64 Orobanche spp.-resistant BPL 
accessions were tested at Kafr Antoon for a third 
year and 14 lines were identified as possessing 
high levels of resistance consistently for 3 years 
(Table 15). Those lines were used for the 1984 

Table 15. Number of Orobanche spp. shoots per faba bean 
plant for Orobanche spp. resistant BPL accessions screened 
for 3 years, 1980/81 to 1982183 at Kafr Antoon. 

No. of shoots per plant 

BPL 1980/81 1981/82 1982/83 

2270 0.40 0.84 0.00 
2267 0.60 1.51 0.00 
2235 0.90 1.54 0.00 
1517 0.71 0.85 0.02 
2053 0.70 1.27 0.03 

2022 0.30 1.50 0.03 

1636 1.26 2.50 0.03 
2009 0.90 1.21 0.05 
2017 1.00 3.17 0.07 

2317 0.90 1.70 0.08 

2170 0.60 1.94 0.08 
1532 1.49 1.66 0.08:7r 

2244 1.10 2.66 0.10 
2012 0.50 1.30 0.10 

1.05 2.19 0.72F 4 02a 
9.00 6.63 2.23ILB 18 14 b 

LSD (5%) 2.57 0.44 

a. Resistant check. 
b. Susceptible check. 

Faba Bean International Orobanche Nursery 
(where seed supply was adequate) for testing 
multilocation resistance at 10 sites. 

Resistance to Bruchusdentipes 

In 1982/83, 810 BPL accessions were screened at 
Tel Hadya for resistance to Bruchus dentipes. 
The lowest infestations found were with BPL 
856, 182, and 747 (7, 19, and 20% 
respectively). Fig. 4 shows the distribution of 
BPL accessions tested for B. dentipes infesta
tion. Rescreening of the most promising lines 
will be done in 1983/84 and attempts made to 
determine the mode of resistance. 

423 

400 
r.,Ili 

300 264 

a 

0 
z 200 

jrIP 

100 

100 

23
 

0 
0-20 21-40 41-60 61.-80 

Percent Infestation 

Fig. 4. Frequency distribution of 810 BPL accessions of 
faba beans according to percent infestation by Bruchus 
dent pes at Tel Hadya, 1982/83. 
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IHost-plant resistance isbeing sought in faba beans to control the parasitic weed Orobanche spp. 

YieldPoteptial over Wide Areas Faba Bean Cultivars and 

Results from the Faba Bean Adaptation Trial Arnmc Patcs fr Lw 
(FBAT) conducted for four seasons, with the Rainfall Environments 
1981/82 season being the fourth and last, show
ed few positive significant correlations between 
locations for yield. For example, during 1981/82 
only one of 15 correlations between sites for Efforts were continued to develop high and 
grain yield for the international large-seeded stable yielding faba bean cultivars and 
yield trial wvas significant. Similarly, of the 15 agronomic practices capable of producing an 
correlations in the case of the small-seeded yield economic yield of dry seed in low-rainfall 
trial, only two were significant. This (300-350 mm) environments so that farmers 
demonstrates the need for multilocation testing there may get another crop option and may 
of material at an early stage. We have started diversify their cropping. The total seasonal 
testing the early-stage yield trials for large- rainfall during 1982/83 at Tel Hadya was 322 
seeded lines in Tunisia from the 1983/84 season. mam. Faba beans are normally grown only with 
This should improve the chances of identifica- supplementary irrigation with this amount of 
tion of lines with wider adaptability and also rainfall. 
lines adapted to specific subregions. 



154 Food Legume Crops Improvenent 

Development of Cultivars 

A total of 20 crosses were made for low-rainfall 
conditions with lines selected under these con-
ditions. Seeds of these crosses were increased in 
the off-season and will be screened in the 
1983/84 season. A total of 90 single-plant selec
tions ,vere made from F, populations in 
Shawbak. These will be yield-tested in the 
1983/84 season along with 46 lines selected from 
preliminary screening nurseries. 

In rainfed yield trials, 118 of 383 lines tested 
exceeded the best check; the highest yield in a 
replicated trial was 2110 kg/ha (Table 16). 
\Vork no-,% is being concentrated on small-
seeded lines suitable for low-rainfall conditions 
and for machine planting and harvesting. 

Drought Tolerance Studies 

Evaluation of a number of genotypes for 
drought tolerance at locations with different 

Table 16. Sunmmarv of rainfed yield trials at Tel ltadva, 1982/83. 

Number of 
entries 

Trial/nursery tested 

Preliminary Yield Trials 258 
Small Seeded 

Advanced Yield Trials 63 

Small Seeded 

legional Yild Trial 16 

International Yield Tria 23 
Large Seeded 

International Yield Trial 23 
Small Seeded 

International Screening Nursery I 30 
Large Seeded 

International Screening Norsery I 46 
Small Seeded 

a. Check entry, ILB 1812. 
b. Checkentry, 1LB 1814. 

1. Unreplicated. 

amounts of rainfall (jindiress, Tel Hadya, and 

Breda) and at Tel Hadva with supplementary 
irrigation, was continued during the 1982/83 
season. Soil-moisture extraction and water-use 
efficiency of six genotypes was studied at Tel 
Hadya without irrigation. 

Yield data in Table 17 show that the total 
recoverable biological yield was closely related 
with total seasonal moisture supply, except at 
Jindiress where the yield was lower than that at 
Tel Hadya, in spite of higher rainfall. As in the 
previous season, ILB 10, 605, 1266, 1813, and 
1814 tended to be less sensitive than others to 
the limited moisture supply at Tel Hadva. The 
soil-moisture recharge and discharge curves for 
six genotypes are shown in Fig. 5 and dif

ferences in total extractable soil moisture, 
evapotranspiration, and water-use efficiency 
are given in Table 18. The highest soil moisture 
extraction was recorded in ILB 1813 and one of 

the lowest in ILB 10. The water-use efficiency 
for both these genotypes was higher than in the 
other genotypes. Apparently, the mechanism to 

Highest No. of lines 

yield exceeding 

(kg/ha) best check CV(%) 

2110 111a- 11-24 

1910 31) 12-16 

0 b1780 11 

1570 0 b 19 

1.590 4a 12 

1730 41) 13 

a2400 19 24 
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Table 17. Total recoverable biological yield (TBY, kg/h.' ind seed "Feld (SY, kg/ha) of some selected genotypes of faba bean 

at Breda, Tel Hadya, and Jindiress, 1982/83. 

Breda 	 Tel Hadya Jindiress 

Rainfed Rainfed Irrigated Rainfed 

(285 mm)a (322 mm) (472 .im) (429 mm) 

Genotype 	 TBY SY TBY SY TBY SY TBY SY 

ILB 1814 	 847 375 3459 1924 3595 2570 2303 1372 

628 304 2282 1417 3126 2025 1900 1316ILB 10 
ILB 277 578 288 1886 1202 2490 1577 1569 1086 

747 377 2168 1341 2810 1796 1460 968
ILB 605 

ILB 1266 	 610 253 2240 1359 2914 1869 1353 933 

ILB 1813 	 657 302 2522 1515 4032 2539 1937 1231
 

ILB 1819 	 572 273 2112 1212 2740 1678 1722 1178 
1084 3237 	 1963 1884 1212
ILB 1816 	 585 278 1761 


2304 1382 3163 2002 1766 1162
Mean 653 306 


CV (%) 13.4 15.4 22.6 24.2 22.6 24.2 21.4 17.4 

881 584 881 584 557 297LSD (5%) 129 70 

a. Values in parentheses are total seasonal moisture supply. 

Table 18. Total extractable moisture (EM), evapotranspiration (ET), water-use efficiency (WUE, kg/ha/mm) for total 

recoverable biological yield for some selected genotypes of faha bean under rainfed conditions at Tel Hadya, 1982/83. 

EM ET 
Genotypes ILB (mm) (mm) WUE 

78S 49907 10 57.6 207.6 10.99 

789 48428 277 54.3 221.7 8.51 

78S 49694 605 61.8 245.2 8.84 

Aquadulce 
Syr. L.M. 
Giza 3 

1266 
1813 
1819 

55.9 
86.6 
61.6 

243.4 
273.7 
246.7 

9.20 
9.21 
8.56 

cope with the reduced moisture supply differs in Response to Residue Management a. d 
these two genotypes The technique of Phosphate Application 
evaluating genGtypes simultaneously at the 

In some of the areas receiving 300-350 mmdrier rainfed sites of Breda and Tel Hadva and 
comparing with their performance under seasonal precipitation it is a common practice to 

assured moisture supply at Tel Hadya will be burn the residues of the previous cereal crop 

extended to a larger number of genotypes in the before planting the legumes. Also, the soils in 

1983/84 season to identify genotypes suitable for many of those areas are low in available 

low-rainfall conditions. phosphorus. A study was, therefore, started in 
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Fig. 5. Soil moisture recharge and dischorge curves for six faba bean genotypes grown at Tel Hadya under rainfed ,.onditions, 
1982183. 

the 1982/83 season to compare the effect of in- of 50 kg P2O5/ha on a soil having an available 
corporating residues i ito the soil and of burning phosphorus content of 1.63 ppm P in the 0-15 
them. These treatments were tested in com- cm and 1.13 ppm P in the 15-30 cm soil layers at 
bination with different methods of application Tel Hadya. 
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Both the burning of straw and the applic. '.on 
of phosphorus increased the yield of faba bean 
(Table 19). Placement of phosphorus with the 
seed or 5 cm below the seed resulted in a 
significant increase in yield compared with 
broadcast application and the control. The dif-
ference between the latter two treatments was 
nonsignificant. Phosphate placement improved 
the nitrogenase activity of the faba bean root 
system early in the season. The residue 
management, however, needs to be further 
studied to ascertain the way in which it affects 
the growth and productivity, 

Development of Alternative Plant 

Types in Faba Bean 

This project was started to develop and evaluate 
alternative plant types for their yield potential 
in different environments, investigate the rela
tionship between different morphological 
characters and yield build-up, and study the 
pollinating system in faba beans. 

Determinate Faba Bean Genetic Stocks 

The determinate habit of mutants from Sweden 
is of potential importance in faba bean produc
tion areas which are either irrigated or highly 
fertile. Reducing the vegetative growth, which 
is often excessive under these conditions, should 
serve to increase the harvest index. 

The determinate mutant from northern 
Europe is poorly adapted to the Mediterranean 
environment, and efforts a. e being made to 
transfer the character into an adapted 
background. In 1982/83, 197 crosses were made 
with a determinate parent and seed from these 

was increased in the off-,ason. The F2 popula
tions will be screened for determinate plants in 
the 1983/84 season. From F3 bulks received 
from Italy, 30 determinate plants were selected 
and seed was increased in the off-season. These 
will be used in the crossing program in 1983/84. 

From F2 populations grown in the 1982/83 
season, 150 single plants were selected for 
determinacy and seed was increased in the off-

Table 19. Seed yield (kg/ha) of ILB 1814 faba bean as affected by the a.plication oi 60 kg P205/ha and the method of 
management of residues from the previous wheat crop at Tel Hadya, 1982/83. 

Seed yield (kg/ha) 

Straw 
incorporated 

Straw 
burnt Mean 

No phosphate (control) 
50 kg P2 0 5 /ha broadcasted 
50 kg P2 0 5/ha deep placed 
50 kg P 20 5 /ha mixed with seed 

Mean 

1727 
2085 
'347 
2477 
2159 

2565 
2600 
3123 
3027 
2829 

2146 
2343 
2735 
2752 

Residue 

CV (%) 
LSD (5%) 

Phosphate 
18.1 

123 

management 
20.5 

313 

Interaction 

435 
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Existing~determinate lines of faba bean arc being improved for more reproductive nodes and less branches. 

season. Thesc will he tested in yield trials in the 
1983/84 season along with 34 lines selected from 

the preliminary screening nursery' for deter-

inate lines. 

Yield tests of 75 lines with the determinate 

trait w\ere conducted in the i982/83 season. 
Table 20 gives the results for the 10 best deter
minate lines and two checks. The determinate 

lines exceeded the y'ield of Sy'rian local small 

(I LB 1811) but not Syrian local sh;)t 1)0d (ILB 
1812). The most striking charact'hr was the 

plant height: all determinate lines w\ere much 
shorter than the indeterminate checks. The 

1982/83 season experienced a very cold and long 
winter which reduced the plant growth. In a 
normal season the height of the two checks can 

exceed one meter. However, the effect of the 
determinate gene on plant heigfht will be seen in 

1983/34. Approximatelyv half the determinate 

lines w\ere also later flowering than the in

deterininate cheeks. 

Flowering and Podding Behavior in 
Determinate Faba Bean 

A study to compare the flowering andl podding 
of a determinate mutant bul1k (DMB3) and the 

indeterminate ILB 1814 faha bean w\as carried 
out at twvo plant populations (22.2 and 50 

plants/m-2 ). ILB 1814 produced more [lowers 
per plant than the DMB3 because there w\ere 

more flowering nodes per plant and more 
flowers per~node. There \\'as more flower abor
tion in ILB 1814 bint the abortion of voting pods1 

\\vas greater in the DMB. The distribution of 
flowers, young pods, and mature pods on dif
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Table 20. Performance of the 10 best determinate lines and checks in preliminary determinate trials grown at Tel Hadya 

under irrigation, 1982/83. 

Line 

S 79022-1 
S 79022-2 
S 79027-1 
82S 50447 
L 79079-1 


S 79187-1 
S 79028-1 
L 79079-2 
L 79079-3 
L 79079-4 
ILB 1811 
ILB 1812 

Grain yield Flowering date Plant height 

(kg/ha) (days) (cm) 

2350 + 246 122 + 1.3 28 + 2.9 
2350 ± 246 121 ± 1.3 29 ± 2.9 
2220 ± 246 128 ± 1.3 31 ± 2.9 
2190 ± 246 121 ± 0.7 30 ± 2.5 
1980 ± 246 121 ± 0.7 33 ± 2.5 

1910 ± 246 122 ± 0.7 34 ± 2.5 
2920 ± 172 121 ± 0.9 36 ± 2.0 

2420 ± 172 125 ± 0.9 40 ± 2.0 
2400 ± 172 125 ± 0.9 33 ± 2.0 

2290 ± 172 124 ± 0.9 35 ± 2.0 

1410 ± 380 121 ± 0.7 53 ± 6.1 
4730 ± 861 120 ± 0.9 59 ± 1.7 

ferent flowering nodes in the two plant types at In large-scale breeding programs, outcrossing 
due to insect pollinators is undesirable becausethe two population levels is shown in Fig. 6. 

The first four flowering nodes appeared to be it makes it difficult to maintain the genetic 

the most important in both genotypes, although identity of many different lines. To prevent 

in ILB 1814 the flowers were spread over more outcrossing, cumbersome and costly methods of 

nodes than in the DMB. The productivity per isolation such as widely separated plots, insect

plant of the DMB was only slightly more than 	 proof cages, or individual bagging of plants 

with nylon nets are usually employed.half that of ILB 1814 at a population of 22.2 

pl nts/m 2 and less than half at 50 plants/M 2. To 

imp;rove the productivity of the determinate Two methods for-isolation of faba bean in
type, an increase in the number of floweringTw mehdfoioaonffbaeni

nodes and a decrease in the number of young 
pods that abort is needed. 

Studies on Outcrossing 

A sur,ey of insect pollinators in faba beans in-

that honey bees (Apis mellifera) anddicatid 
two species of solitary bees (Euceracincta Fr., 
and Anthophora canescens Br.) accounted for 

up to 95% of the insects visiting faba bean 
flowers. During the 1982/83 season, honey bees 
were more abundant than solitary bees. 

crease plots are under study at ICARDA: first, 
the use of triticale as a mechanical barrier; and 
second, the use of Brassicacampestris as an at

tractant to insect pollinators, around the faba 

bean plots. In the 1982/83 season, faba bean 

was planted in 9 x 12 m plots, each completely 
or B.surrounded by 6-r wide strip of triticale 

campestris. In another field, faba bean plots of 

the same size were surrounded by 6 m strips of 
bare soil to serve as a check. 

Results of regular counts of honey bees and 
solitary bees visiting faba bean flowers made in 
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F Flowers 

17, Young pods 

15- Mature pods 

13

11-

9- ILB 1814 DMB 
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9 
ILB 1814 
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50 plants/m 
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Mean number of flowers, young pods, and mature pods 

Fig. 6. Distribution of flowers, young pods, and mature pods along the flowering stems of ILB 1814 and the determinate 
mutant bulk (DMB) at low and high plant population levels at Tel Hadya, 1982/83. 
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Fig. 7. Effect of isolation mechanisms on the number of honey bees and solitary bees visiting faba bean flowers in 9 x12 m 
plots (meansof six scoringdates) at Tel Hadya,1983.
 

four replications of each treatment indicated showed relatively low frequencies of outcrossing 
that B. campestris was very effective in reduc- in both B. campestris and triticale plots 

ing the bee activity in faba beans (Fig. 7). (7.0 ±!1.5% and 9.0 ± 2,.2%, respectively). 

Triticale was less effective. Less bee activity These low outcrossing values are acceptable for 

should result in less outerossing. To measure a pragmatic breeding program. Areas being 

this, check plots were grown with Reina Blanca further studied are: growing of F2.populations 

which has a white hilum marker. Seeds and F3 p r o ge ny rows in blocks surrounded by B. 

harvested from these plots will be planted and campestrisand the reduction of the area planted 

the amount of outerossing will be estimated this to B. campestris to make the technique more 
year. Preliminary results from previous years efficient.
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Lentil Improvement 
Emphasis in lentil improvement continued on 

the development of genetic stocks or cultivars 

with appropriate phenology and high and stable 
yield for each of the three major agroecological 
regions of lentil production: the high-altitude 
region, the medium or low elevation Mediter-

ranean region, and the region of more 
southernly latittes including Bangladesh, 
Egypt, Ethiopia, India, Pakistan, and Sudan. In 
addition to high and stable yield, the specific 
traits needed for genotypes for the high- altitude 
region include cold tolerance, whereas for the 
Mediterranean region tolerance to Orobanche 
spp., resistance to wilt (Fusarium spp.), 
tolerance to drought during the reproductive 
period, and large straw yield are desired. At
tributes that may facilitate mechanical 
harvesting are needed in genotypes for both 
regions. For the southern region, earliness 
through reduced sensitivity to photoperiod and 
temperature, and resistance to wilt and rust 
(Uromycesfabae)are considered important. 

Germplasm 

The current lentil germplasm holding comprises 
5420 accessions. A lentil germplasm catalog has 
been produced which includes passport data on 
all 5420 accessions and evaluation data for 19 
characters for 4550 accessions. A total of 2500 
accessions were evaluated for seed protein con-
centration. Another 489 new accessions from 14 
countries were evaluated for morphoagronomic 
characters. The time to flower of some acces-
sions from seven countries is summarized in 
Table 21. The close relationship between the 
latitude of the country of origin and mean time 
to flower is noteworthy. Over 2000 accessions 
have been distributed to Canada, Chile, 
Pakistan, Sudan, and UK. 

Table 21. Mean time to flower (days) of the new accessions 
originating from the listed countries atTel Hadya, 1982/83. 

Country of Mean time Standard Number of 
origin to flower deviation accessions 

Pakistan 105 4.5 5 

India 109 5.4 80 
Jordan 112 3.4 263 
USA 122 3.3 10 
Bulgaria 125 3.9 18 
Italy 125 2.7 5 

Spain 129 3.3 98 

Improved Lentil Cultivars for 

Different Environments 

Development of Genetic Stocks 

A total of 350 crosses, including 13 three-way 
crosses, were made with the objectives listed 
above, to meet the specific needs for the three 
major agroecological regions of lentil produc
tion. Of the crosses made, 66% were for the 

Mediterranean medium-low elevation region 
and -,!% were for the southern latitudes. 

The last year's breeding material was ad
vanced by bulk breeding through two genera
tions at Tel Hadya in winter and at Shawbak in 
Jordan, in summer. Single-plant selections were 
made at the F4 generation on the basis of 
heritable characters associated with phenology, 
growth habit, seed color, and seed shape. Of 
10,616 progeny rows grown at Tel Hadya, 1502 
rows were selected for advancement, represen
ting a selection pressure of 14.2%. Selections 
from the progeny rows are promoted to 
preliminary screening nurseries and thence to 
replicated yield trials. 
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Yield Trials 	 On-Farm Trials 

A total of 390 selections were tested in 18 yield In Syria, on-farm trials comprising ICARDA 

trials at Tel Hadya. Then. were 170 large- lentil selections and local checks were initiated 

seeded entries (seed size> 4.5 g/100 seeds), of in cooperation with the Research Directorate of 

which 74 entries yielded more than the best the Syrian Ministry of Agriculture and Agrarian 

local check. The largest yield was 1388 kg/ha. Reform, Douma, at six locations. Among the 

The remaining 220 selections were small seeded red-cotyledon entries, the best ICARDA selec

(<4.5 g/100 seeds), and 35 of them yielded tion, 78S 26013, gave 28% more yield on 

more than the best check. Among small-seeded average than the local red-cotyledon check, 
Hurani 1 (Table 22). In the yellow-cotyledonentries the best yield was 1423 kg/ha. The coef-

ficients of variation ranged from 19 to 33 %, and group, the best ICARDA selection yielded 15% 

consequently only four entries yielded more than the local check, Kurdi 1. 

significantly more than the checks. Yield trials 
containing 162 of the 390 selections were also 
conducted at Terbol, Lebanon. Use of Genetic Material by National 

Regional yield trials of both large- and small- Programs 
seeded selections were conducted in cooperation 

Several ICARDA lines from the internationalwith the national programs of Jordan and Syria. 
trial, the best nursery program have been selected for inclu-In Syria, in the large-seeded 

on-farm trials or multilocationICARDA selections yielded over 1500 kg/ha 	 sion in either 
testing by the national programs of Australia,averaged over five sites. This was about 24% 


higher than the local check which had a mean Ethiopia, India, Jordan, Morocco, Pakistan,
 

yield of 1216 kg/ha. The best entries in the Sudan, Syria, Tunisia, and USA (Table 23).
 

regional trials are promoted to on-farm trials.
 

Table 22. Seed yield (kg/ha) from lentil on-farm trials in Syria, 1982/83 

Locations 

Jail Tel 
Selection ILL Breda Gelline Heimo Izraa farm Hadya Mean Rank 

Red cotyledon 
group 
78526013 16 443 1520 278 1942 679 1461 1054 1 

76TA 66088 223 434 1120 491 1594 457 1165 877 2 

Hurani 1 2130 297 864 451 1611 462 1253 go' 3 

(local check) 

Yellow cotyledon 
group 
78S 26002 8 430 1780 590 2106 619 1137 1110 2 

78S 26004 9 473 1687 531 2280 582 1320 1146 1 

Kurdi 1 2126 353 1620 529 1829 670 948 992 3 
(local check) 
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Table 23. ICARDA selections used/to be used in either 
multilocation testing or on-farm trials by national pro-
grams in 1983 and 1984. 

Country Identifier 

Australia 74TA 19, ILL 707, ILL 4400 
Ethiopia ILL 355, ILL 358 
India ILL 4505 
JordanMorocco ILL 440074TA 19 

Pakistan ILL 4605 
Sudan ILL 813 
Syria 78S 26002, 78S 26004, 

78S 26013, 76TA 66088 
Tunisia 74TA 19, ILL 4354, ILL 4400 
USA ILL 857 

Selection for Mechanical Harvest 

To facilitate selection for increased plant 
height, required for harvest mechanization, 
estimates of heritability of plant height were 
made in two crosses. The broadsense 
heritabilities were 61.6 and 7.0%, emphasizing 
the difference between the two crosses. 

A delay in the time of harvest after 90% pod 
maturity results in a loss in seed yield both from 
pod dehiscence and pod drop. Complete 
maturity (90% pods mature) must be attained 
prior to harvesting with a combine harvester. 
Visual observation at Tel Hadya indicated that 
there were genetic differences in pod dehiscence 
and pod drop. Selected entries were tested in the 
last two seasons by measuring the yield of half 
the plot harvested at the normal harvest date, 
and by measuring the yield in the remaining 
plot harvested 6 weeks later. The seed loss from 
a delayed harvest' was then calculated. The 
selection 74TA 550 had markedly less seed loss 
than any other selection in both seasons (Table 
24). This was largely becat"se of the in-
dehiscence of the pods of 74TA 550. 

Table 24. Loss in seed yield (kg/ha) from a 6-week delay in 
harvest date of three selections at Tel Hadya 1981/82 and 
1982/83. 

Loss in seed yield 

Selection ILL 1981/82 1982/83 
74TA 260 253 595 171 
74TA 26 262 871 175 
74TA 276 262 871 17574TA 550 470 250 0 
Syrian local 4400 240 

SE ± 94.6 62.1 

Experimental evaluation of combine harve-ting of lentil at 
Tel Hadya. 

Measurement of Outcrossing 

In a cooperative project with the University 
College of Swansea, UK, the rate of outcrossing 
at Tel Hadya was studied. The variation at a 
polymorphic aspartate aminotransferase locus 
was assayed for about 300 germplasm acces
sions. Two alleles, Aat-1F and Aat-1 s , were 
detected at frequencies of 0.51 and 0.49, 
respectively. The frequency of outcrossing from 
the observed heterozygosity was estimated to be 
about 1%. This is higher than direct estimates 
of outcrossing and implicates selection in favor 
of heterozygous gene combinations. 
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Genetic Variation in Straw Quality on-farm trials, their nitrogenase activity at Tel 
Hadya was assayed from the end of January to 

Lentil straw is an important livestock feed in the early May 1983 (Fig. 8). In general, the 

Middle East entering into both national and in- inacrospermatypes (78S 26002, 785 26004, and 

ternational trade. Last year (ICARDA Annual Kurdi 1) displayed bigger nitrogen fixation 

Report 1982) we reported that seed yield was profiles than the microspermatypes (785 26013, 

positively correlated with straw yield, and that 76TA 66088, and Hurani 1), although dif

selection for increased seed yields would tend to ferences were also evident within each group. 

increase straw yields also. Much attention has To get a relative estimate of overall nitrogen 

been focused in the past on lentil straw quantity fixation potential of the test genotypes, the 

and not on its quality. A study of the genetic nitrogenase activity (Fig. 8) was integrated over 

variation in straw quality was, therefore, con- time. The highest value was for Kurdi 1. In 

ductel at Tel Hadya. Ihe neutral and acid relation to Kurdi 1, the nitrogen fixation poten

detergent fiber contents of the straw varied tial of 785 26004, 78S 26002, 78S 26013, 76TA 

from 55 to 64% and 38 to 45%, respectively. 66088, and Hurani 1, respectively, was 93, 79, 
There were also highly significant differences 67, 58, and 50%. 

among the genotypes in dry-matter digestibili
ty, which varied from 48 to 58%. The dry- An interesting genotypic difference was the 

matter digestibility of the local check was 54%, sensitivity of the nitrogenase activity to low 

on average. The overall productivity of the trial temperature. Unlike all other genotypes, 76TA 

was 1414 kg/ha seed and 2464 kg/ha straw. The 66088 did not show any decrease in the 

plants were well nodulated, and there were nitrogenase activity between 24 Feb and 10 Mar 

significapt genetic differences in the protein in response to the very low temperature record

content of both straw and seed. The straw pro- ed on 7 Mar (-5.6°C). Also interesting was the 

tein content ranged from 5.9 to 8.6%, with the observation that Kurdi 1 maintained higher 

local checks showing a level of 6.5% protein, on nitrogenase activity over a longer period than 

average. The corresponding range for seed pro- other genotypes. The possibility of exploiting 

tein content was from 24.3 to 25.7%. The these genotypic differences in improving the 

average seed protein and straw protein yields nitrogen fixation of lentil cultivars will be ex

were 353 kg/ha and 171 kg/ha, respectively, amined in the 1983/84 season. 

The results clearly establish the presence of Seed Quality 
considerable genetic variation in the quality of 
lentil straw. As a result, the quality of straw of Lentils are priced according to seed size, seed 
lentil selections will be monitored in the future. uniformity, and the presence of foreign 

material, including broken seeds. A routine siz
ing technique was established for macrosperma 

Genetic Variation in Nitrogenase and 7nicrosperma lentils. Screens used for 
Activity inacrospermalentils had round holes of 7, 6, 5, 

and 4 mm diameter. Tlie criterion for selection 
To ascertain the differences in the nitrogen fix- considers mean seed size and the standard 
ation potential of the genotypes included in the deviation of seed size distribution. 
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Fig. 8. Nitrogenase activity (CA11 production) in six lentil genotypes at Tel Hadya, 1982/83. 



Small-seeded lentils are generally decor-

ticated and split before export. Loss in decor
tication is an important quality characteristic. 
Based on Schule laboratory-scale equipment, a 

laboratory decorticator has been designed and 

built at Tel Hadya. The decorticator consists of 
two circular carborundum discs. The bottom 
disc rotates at 700 rpm and the top disc is sta-

tionary. The distance between the discs, being 
adjustable, is set according to lentil seed size. 
Using this decorticator, preliminary work was 

carried out on standardizing the technique for 

evaluation of lentil genotypes. 
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An ICARDA-developed lentil decorticator is used to 

evaluate the seed quality of lentil genotypes. 

A study to investigate the relation between 
seed size (ranging from 3.5 to 5 mm) and loss in 
decortication revealed that decortication loss 
was inversely proportional to seed size (Fig. 9), 
the coefficient of correlation being 0.95. 
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decortiation in small-seeded lentils. 

Production Technology 

Response to Date of Planting 

Our previous studies have shown that early 
planting of lentil (before mid-December) gave 
superior growth and yield. However, the results

the past 2 years have shown that the adivan

tage of early sowing, in terms of seed yield, was 
not very large, probably because of the 
relatively severe winters in both years (Table 

25). A trial was therefore conducted in the 
1982/83 season to evaluate some of the new 
superior lentil genotypes from the .breeding 
program, for their growth and yield under 
November and early-February sowing. The 
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winter in the 1982/83 season was even colder The early growth of the November-sown crop 
than in 1981/82 (Table 25). The November- was extremely poor because of the cold. Even 
sown crop took 135 to 148 days to flower and so, genotypic differences could be seen. ILL 8 
170 to 180 days to reach physiological maturity, was superior to the rest of the genotypes from 
while the February-sown crop took 82 to 87 the very beginning (Fig. 10) and seemed to be 
days to flower and 110 to 117 days to reach better adapted for winter sowing. The total 
maturity (Fig. 10). It is this difference in the biological yield and seed yield of the genotypes 
duration of growth which results in the better under two planting dites are shown in Table 
performance of the early-sown crop; its 26. Whereas the aver,-ge total biological yield 
reproductive growth is spread over a longer for genotypes was significantly increased with 
period when there is adequate soil moisture early planting, the seed yield was not affected. 
available. November planting caused a conspicuous in-

Table 25. Mean monthly minimum temperature for 1978/79 to 1982/83 at Tel Hadya. 

Mean motahly minimum temperature (°C) No. of frosty 
Year Nov Dec Jan Feb Mar Apr May Mean days 

1978/79 2.8 5.3 4.0 6.0 7.0 9.0 14.0 6.9• 15
 
1979/80 9.7 4.0 1.8 3.3 6.4 8.8 12.0 6.6 19
 
1980/81 6.8 3.4 3.7 2.8 6.3 6.9 9.6 5.6 22
 
1981/82 4.6 5.2 2.4 -0.6 2.3 9.7 12.2 5.2 39
 
1982/83 3.5 0.8 -1.3 1.0 4.3 6.8 12.5 3.9 52
 

Table 26. Yield of some promising genotypes of lentils as affected by sowing date at Tel Hadya, 1982/83. 

Total biological yield Seed yield
 
Genotype Date of sowing Date of sowing
 

27 Nov 5 Feb Mean 27 Nov 5 Feb Mean
 

ILL 8 4285 3396 3841 1300 1162 1231
 

ILL 9 3309 2641 2975 889 819 854
 
ILL 16 3538 3081 3310 1060 1095 1078
 

ILL 223 3242 2922 3082 1014 1007 1011
 

ILL 4400 3289 2962 3126 857 1049 953
 
ILL 4401 3049 2683 2866 850 781 816
 

Mean 3452 2948 995 986
 
CV (%) Dates (D) 9.7 16.0
 

Genotypes (V) 18.6 24.1 

LSD (5%)
 
D 283 NS
 
V 606 243 

V inD 857 344 
D in V 827 NS 

NS = Not significant. 
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Fig. 10. Total dry-mLIter (g/plant) production in some promising lentil genotypes planted in November and February at Tel 

Hadya, 1982183. 

crease in the total biological yield of ILL 8 but better tolerance to cold can be identified for 

had only a small effect on seed yield (Table 26). early planting in the low- to medium-elevation 

T;-L' suggests that genotypes with relatively areas of the Mediterranean region. 
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Date of Planting and Plant Population 

In a date of planting and plant population trial 
conducted with a new lentil genotype, ILL 223, 
the total dry-matter yield was again 
significantly improved by advancing planting 
date from early December to mid-November, 
but the seed yield was not much affected. In-
creasing the population from 133.3 plants/m2 

increased both seed and straw yield and the 
largest values were attained at 333.3 plants/m 2 . 
The moisture extraction pattern, consumptive 
use of water, and water-use efficiency were 
studied in four selected treatment combinations 
of two dates of planting and two population 
levels (Table 27). The soil moisture changes 
under these treatments during the cropping 
season are shown in Fig. 11. Results confirmed 
the observations of the last season that early 
planting at a high plant population extracted 
more water, rerhaps because of the deeper 
penetrating root system (Fig. 11). The water-
use efficiency was also improved, particularly at 
higher population levels, with early sowing 
(Table 27). 

Off-Station Evaluation of Early 
Planting 

In collaboration with the Farming Systems 
Program, we use off-station trials on farmers' 
fields as a step in the process of developing pro
fitable and appropriate techniques for Syrian 
farmers. On-farm trials were conducted over 
the past four seasons to determine the advantage 
of early sowing under actual farming condi
tions. Farms were selected at different sites each 
year in the high- and medium-rainfall zones of 
northwest Syria, wF1 re lentils are grown in 
rotations with cereals and summer crops. 

Large differences in lentil crop revenue bet
ween sites, between years, and between zones 
were noticed (Fig. 12). Surprisingly, there was 
no consistent pattern in the effect of earl' vs 
normal sowing dates. This apparent difference 
in the results of on-farm trials from those on the 
research station is not uncommon but needs to 
be analyzed to identify the major constraints 
causing such a difference. Differences in the 
variety and the control of diseases and lests, 

Table 27. Effect of date of planting and plant population on the productivity and water-use efficiency (WUE) of ILL 223 at 
Tel Hadya, 1982/83. 

P1 (333.3 plants/m2) P4 (133.3 plants/m) 

Planting date Planting date 

15 Nov 23 Dee Relative 15 Nov 23 Dee Relative 
Particulars (DI) (D3) (DI) (D3 ) D3/D ID3 /D1 

Date of maturity May 5 May 17 May 17 May 17 
Total ET (mm) 280.2 247.9 247.4 224.8 
Total Eo (mm) 531.2 518.1 531.2 518.1 
Seed yield (kg/ha) 1246 1041 0.84 1111 652 0.59 
Biological yield (kg/ha) 4025 2860 0.71 3114 1717 0.55 
Harvest index 0.31 0.36 0.36 0.38 
WUE 1 (kg seed yield/ 4.45 4.20 0.94 4.49 2.90 0.65 

ha/mm ET) 
WUE 2 /kg biol. yield/ 14.36 11.54 0.80 12.59 7.64 0.61 

ha/mm ET) 



seed-bed preparation, and sowing methods 
between the research farm and farmers' fields 
may be the cause. Also, the number of on-farm 
trials, particularly in the last three seasons, has 
been rather small, and the margin of benefit 
from early sowing even at the experimental sta-
tion has been relativel,: small because of more 
drastic winters (Table 25). It is therefore pro-
posed to continue the on-farm evaluation of the 
early vs normal sowing date in 1983/84. 

High-Density Cropping to Increase 
Water-Use Efficiency 

A winter-sown crop of lentil at traditional plant 

Lentil 171 

populations usually covers less than 50% of the 
ground until the beginning of spring. Under 
such situations soil moisture is lost from the bare 
surface through evaporation. Whether growing 
a thicker stand, to start with, and thinning it 
down to the optimum population level later in 
the season could permit conversion of a greater 
proportion of this evaporation to transpiration 
and thus increase the water-use efficiency, was 
studied in a trial during the 1982/E? season. The 
treatment details are given in Table 28. To in
crease the scope of the trial, intercropping of 
barley between lentil rows was also evaluated. 
The total biological yield per unit area was 

maximized in the non-thinned crop established 
at 15 cm row spacing (T1 444.4 plants/m) and 
was minimized by intercropping lentil with two 

cm water/ 15 cm depth 

1 2 3 4 5 6 1 2 3 4 5 6 1 2 3 4 5 6 
I I i i I I I I I I I I I I I I I 

13 May 18 Mar 1983 13 May 
1983 

18 Mar 1983 
S1983 

20 May 
1983 

18 Mar 1983 

30

120- 1 

1 80' SL *0 

150

1 2 3 4 5 6 
I I I I I 1 

20 May 18 Mar 1983 
1983 

Sowing: 15 Nov 1982 Sowing: 15 Nov 1982 Sowing: 23 Dec 1982 Sowing: 23 Dec 1982
 

333.3 plantslm 2 133.3 plants/m 2 333.3 plants/m 2 133.3 plants/m 2 

(DIP1) (DI P4) (D3P) (D3P4)
 

Fig. 11. Soil-moisture content in different layers at the highest recharge and at physiological maturity under ILL 223 lentil 
planted at two,different dates and two population levels atTel Hadya, 1982/83. 
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this study during the 1983/84 season to get more 

conclusive results. 

Response to Residue Management and 
Phosphate Application 

Studies on the effect of incorporating vs burning 
of the residues of the preceding cereal crop on 
the yield of lentil revealed that the incorpora
tion of straw significantly increased the pro

of lentil in terms of total biological 
yield as well as seed yield. Application of 50 kg

3000 - - +;.,YJw4-year P2Os/ha either mixed with seed or placed 5 cm -- 1980181 average 20 

E 
0 
a,2000

200 .no-phosphate 
> 9 

101000
or 

I-Weed
0+ ! --
Early Normal 

Sowing date 

Revenues based on 1983 harvest-time prices: 
SL 1.6/kg for lentil grain and SL 1/kg for lentil 
straw. US dollar 1 =3.9 SL. 

Fig. 12. Effect of sowing date on total lentil crop revenue : 

summary of four years of on-farm trials in two rainfall 
zones of northwest Syria. 

rows of barley with 15 cm row width (T9, Table 
28). The total biological yield of the crop thin
ned to a given density was lower than that of the 
crop established at the same density right from 
planting. When the dry-matter yield from 
thinning was added to the total biological yield 
of the remaining stand, it was interesting that 
the total biological yield in the case of thinning 
of lentils from 15-cm to 30-cm row width was 
more than that of the non-thinned crop planted 
at 30-cm row spacing. It is proposed to repeat 

below the seed resulted in a significant increase 
in the seed and total biological yield over the

control. Broadcast application of 
50 kg P2 05 /.ha was not at all effective. The 

available phosphorus status of the soil was very 
low (1.3 - 1.5 ppm P). 

Control 

Crop loss from weeds was assessed at Tel Hadya 
and Terbol where the weedy check yielded only 
70 and 63%, respectively, of the weed-free 
treatment. Handweeding twice was as effective 

as the completely weed-free situation obtained 
by repeated handweeding. Of the various 
preemergence herbicides tested (chlor

bromuron, prometryne, methabenzthiazuron, 
and cyanazine alone or mixed with pronamide), 
none proved promising at Tel Hadya. 

At Terbol, prometryne at 1.5 kg a.i./ha gave 
a 62% increase in yield over the weedy check, 
proving as effective as handweeding. But more 
promising treatments were methabenz
thiazuron (2 kg a.i./ha) + pronamide (0.5 kg 
a.i./ha) and cyanazine (1 kg ai./ha) + pro
namide (0.5 kg a.i./ha) which, respectively, 
gave 86 and 73 % increase in seed yield over the 
weedy check. 
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Table 28. Yield estimates In lentils as affected by different cropping systems at Tel Hadya, 1982/83. 

Treatment Early veg. 
phase 

T, - Lentil at 15 cm x 1.5 cm 
T2 - Lentil at 30 cm x 1.5 cm 
T3 - Lentil at 60 cm x 1.5 cm 
T4 - Thin from 15 to 30 cm at early 330 

vegetative phase (Stl) 
T5 - Thin from 15 to 60 cm at 

flowering (St2 ) 

- Thin from 15 to 60 cm at 334T6 
Sti and St 2 

T7 - Thin barley between lentil rows 146 
to make 30 cm row width at St1 

- Thin barley between lentil rowsT8 
to make 30 cm row width at St2 

- Thin two rows of barley in two stages 123T9 
to leave lentil rows at 60 cm 

LSD (5%) 
CV (%) 

Insect Control 

Control Methods 

A trial was designed to partition yield losses 
among crop growth stages, to identify the key 
pests responsible for yield losses, and to select 
appropriate insect control technology. When 
different insecticidal regimes were compared, a 
23.7% increase in yield was obtained when a 
soil application of a granular insecticide to con
trol Sitona spp. weevil was complemented with 
one foliar spray against Apion spp., aphids, 
thrips, and very low populations of Laspebresia 
spp. and Heliothis spp. (Table 29). Partition of 
insecticidal regime indicated that Sitona spp. 
control alone significantly increased yields by 
19%, whereas foliar insect control increased 
yield by only 4.2%. High dosage of nitrogen did 

Total biological yield (kg/ha) Seed yield 

Beginning 
of flowering 

At 
maturity Total 

of lentil 
(kg/ha) 

5313 
4018 
3105 
3833 

5313 
4018 
3105 
4163 

1855 
1491 
1212 
1383 

924 3461 4385 1278 

997 1990 2987 641 

3657 3803 1244 

765 3524 4289 1300 

113 2331 2567 910 

562 483 259 
11.1 15.5 14.1 

not compensate for Sitona spp. damage. The 
economic analysis confirmed that Sitona spp. 
control is important and that this insect was the 
key pest during the past season. The best option 
for a farmer to prevent Sitona spp. damage 
would be the application of a granular insec
ticide at planting. 

Determination of the Economic Impor
tance of Sitonaspp. 

At high levels of infestation (up to 93.5% 
nodules damaged in check plots), the insect 
caused 17.7 and 14.1% losses in straw and grain 
yields, respectively. Both heptachlor and car
bofuran applied as granules at planting 
significantly increased straw and grain yields 
(Table 30). Foliar sprays against adults were not 
as efficient and had a detrimental effect on 



174 Food Legume Crops Improvement 

Table 29. Effect of different insecticidal regimes on the yields of Syrian Local Large lentil at Tel Hadya, 1982183. 

Treatment 

Full protection (FP)1 

FP less soil insecticide 
FP less preflowering sprays 
FP less postflowing sprays 
Check 

Recommeded protection (RP) 2 

RP less soil insecticide 
RP less foliar spray 
Alternative practice 3 

LSD (5%) for yields 

CV(%) for yields 


Yield % Yield 
(kg/ha) increase 

2714 19.3 
2639 16.0 
2683 17.9 
2734 20.2 
2274
 

2813 23.7 
2371 4.2 
2707 19.0 
2243 - 1.3 

248.0 
6.0 

1. Soil insecticide (carbofuran) plus seven foliar sprays with methamidophos or endosulfan. 
2. Soil insecticide (carbc. .- 'an) plus one foliar spray with methamidophs. 
3. 100 kg N/ha plus one foliar spray with methidathion. 

Table 30. Efficiency of insecticidal comnlinations to control Sitoia spp. weevils in Syrian Local Large lentil and their effect on 
straw and grain yields at Tel Hadya, 1982/83. 

Adult Larval 
control' control2 

Yes With heptachlor 
No With heptachlor 
Yes With carbofuran 
No With crbofuran 
Yes No 
No No 

LSD (5%) for yields 
CV (%)for yields 

% efficiency 

Against 

adults 

Against 

larvae 

86.0 
72.1 
89.3 
87.4 
29.8 

100 
100 
100 
100 

1. Four sprays with methidathion 0.5 kg a.i./ha. 
2. With carbofuran 1 kg a.i./ha or heptachlor 2 kg a.i./ha. 

straw yields. The economic analysis (Fig. 13) 
confirmed that heptachlor 4G at the relatively 
high dosage of 2.0 kg a.i./ha was a better alter-
native than carbofuran 5G applied at 1.0 kg 
a.i./ha. Repetitive future studies will concen-
trate on searching for cheaper, safer, and easier 
alternative methods of control. 

Yield (kg/ha) % yield increase 

Straw Grain Straw Grain 

4114 2643 13.8 15.6 
4391 2628 21.5 15.0 
4235 2586 17.2 13.1 
4337 2583 20.0 13.0 
4197 2439 16.1 6.7 
3614 2286 

308.1 123.3 
4.2 4.4 

The nitrogenase activity was assayed for all 
treatments (Fig. 14). Where there was no pro
tection, nitrogenase activity fell to barely 
detectable levels by the 30 March sampling. 
Such levels for the plants treated with gra, Aar 
insecticides were not reached till 27 April. The 
combination effect between the adult control 
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1200 In a collaborative project with the University
U haptachlor at of Reading, UK,,we have started to examine the 

1000planting photothermal effects on flowering of diverse 

o 	carbofuran at genotypes of lentil in controlled environments. 
planting Earlier, in the same project, we examined theS800-

M 	 suitability of different sources of artificial light 
41 

C 	 growing lentils in controlled environments"for 
)600 so that plants of different genotypes closely 

E ~four sprays + resemble those grown in the field. 

400 heptachlor 
u four sprays
C 	

A

with methi- Simultaneously, at Tel Hadva, we continued 
100 dathion to examine the flowering response of somefour sprays + 

carbofuran diverse genotypes of lentils to photoperiod and 

0 	 temperature in relatively less controlled 
I I I 8 1 1 greenhouse conditions. Some new entries (ILL 

200400 s co00 80010001200 1, 16, and 223) from the breeding program were 

Increase in cost (SL/ha) added to those studied earlier because of their 

Fig. 13. Cost-benefit relationships for five alternatives of superior performance across several locations. 

chemical control of Sitona spp. weevils in lentils. In one of the two day-length treatments, the 
photoperiod naturally increased from 9.8 hr, at 
the start of the experiment, to 14.1 hr near the 

(sprays) and granular products used for larval termination of the study. In the other treatment 
control was interesting. Foliar spray in com- the normal day length was extended to 16 hr 
bination with heptachlor suppressed the using fluorescent tubes. Two temperature 
nitrogenase activit. but with carbofuran regimes were established: (1) the low 
enhanced it. Attempts to better understand the temperature regime as obtained naturally in the 
effect of insecticidal sprays on the nitrogenase open cage, and (2) the high temperature regime 
activityvwill be made in the 1983/84 growing obtained through the circulator' heater in the 
season. greenhouse. The mean maximum and minimum 

temperatures for the period by which flowering 
was recorded in all treatments were 28.5 and 

Development of Wide Adaptation 11.3oC, respectively, for the high temperature 

in Lentils 	 regime, and 20.7 and 9.4'C for the low 
temperature regime. 

Limited adaptation of most lentil cultivars has 
hindered their widespread use in different en- The results cfjained in the 1982/83 season 

vironments. Previous studies on the perfor. (Table 31) corfir.-,md our previous findings: a 
mance of lentil genotypes in the International warmer thermal regime and a longer 
ILentil Adaptation Trial and in greenhouse ex- photoperiod hastened the onset of reproductive 
perinents at Tel ltadya have indicated that growth. ILL 4605 (from Argentina) again 
both temperature and photc'period exert a pro- showed least sensitivity to day-length change 
found influence on the phen'dlogical develop, and ILL 2526 (from India) showed no sensitivi

ment of the crop and thus affect i~s adaptation. ty to day-length change under the warmer 
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Fig. 14. A comparison of mean nitrogenase enzyme activity (C2 H4 production) in lentils treated with heptachlor (H) or car
bofuran (C), for controlling Sitona spp. weevil larvae and methidathion (M)for adults. 
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Table 31. Effect of long day (LD) of 16 hr vs normal day (ND) conditions on the days to flower bud appearance of 10 
genotypes of lentil under low and high ambient temperatures in the greenhouse at Aleppo, 1982183. 

Days from planting to first flower bud1 

High temperature Low temperature 

Genotype Origin LD 

ILL 1 Jordan 88.5 
ILL 16 Jordan 85.5 
ILL 92 USSR 94.7 
ILL 204 Ethiopia 82.7 
ILL 223 Iran 78.9 

ILL 784 Egypt 77.8 
ILL 2526 India 80.7 
ILL 4400 Syria 81.1 
ILL 4401 Syria 79.2 
ILL 4605 Argentina 84.0 

1. Mean of approximately 20 plants. 

regime. Among the new entries tested, ILL 223 
was the least sensitive to day-length variation at 
low temperature and ILL 16 under the high 
temperature regime. 

Use is being made of genotypes such as ILL 
4605 and ILL 2526 in the crossing program to 
develop genetic stocks for more southernly 
latitudes where lentil is grown in relatively 
shorter day lengths. 

Develop men t of D rough t 
Tolerance in Lentils 

The search for drought-avoiding genotypes 
which mature early enough to escape severe 
drought and temperature stress during the 
reproductive period of growth continued. The 
correlations between both flowering and 
maturity and seed yield in a dry environment 
(Breda) were studied in order to gauge the effect 
of selecting for early maturity on seed yield. 
Breda received 260 mm rainfall in the season up 
to harvest. In the regional yield trial (large-

ND LD ND 

107.8 126.5 135.9 
114.3 126.3 139.3 
124.7 133.5 150.1 
122.3 135.2 149.1 
113.7 132.9 135.4 

110.7 128.6 146.6 
82.0 124.2 139.6 

130.2 124.6 146.1 
111.6 120.2 135.5 
80.5 127.6 126.3 

seeded) at Breda, the phenotypic correlations 
between seed yield, on thu one hand, and time 
to flowering and maturity, on the other hand, 
were r = -0.55 and r = -0.66, respectively. In 
the small-seeded regional yield trial at Breda, 
the phenotypic correlations between seed yield 
and time to flowering and maturity were again 
significant, but lower at r = -0.42 and 
r = -0.38, respectively. These negative cor
relations show that the highest seed yields at 
Breda were achieved by the early flowering and 
maturing selections, endorsing the approach of 
selecting for drought avoidance through early 
maturity. 

A screening nursery of 408 early. germplasm 
accessions and an earl) yield trial were grown at 
both Breda and Tel Hadya to identify the 
early-maturing material. A few selections 
yielded as well as, or better than the local checks 
but matured significantly earlier. These entries 
will be retested in 1983/84. Response of 12 
diverse genotypes, including some of those 
found superior yielding in multilocation testing, 
to total seasonal moisture supply was studied by 
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growing them under rainfed i:onditions at Tel 
Hadya (seasonal rainfall 322 rmm) and Breda 
(seasonal rainfall 260 mm) and also with sup-
plemental irrigation (150 mm total in the form 
of three irrigations between early April and 
early May) at Tel Hadya. Intensive soil-
moisture studies were carried out on eight 
selected genotypes to determine consumptive 
use of water and water-use efficiency under 
rainfed conditions at Tel Hadya. Also, early 
root growth was studied in a germinator (at 
20°C) and the growth of root and shoot in pot 
culture inthe greenhouse. 


allthegentype, te yeld
Avergedove
Averaged over all the genotypes, the yield 
total seasonal moisturewas closely related to th raifedsuppy (able32) witComaresupply (Table 32). Compared wvith the rainfed 

at Tel Hadya, an assured moisturesituation suppy hrogh(72 uppemenalin) rria-
supply (472 mm) through supplemental irriga-

tion increased the total biological yield of all the 

genotypes. But ILL 101, 793, and 16 responded 

most conspicuously while the response oi ILL 
1861, 4401, and 470 was the least. Yields of ail 
genotypes decreased sharply when they were 
grown in the drier location, but the reductions 
were least in ILL 8, 9, 16, 1861, and 4354. 
Genotype ILL 16 responded positively to in
creased moisture supply at Tel Hadya and it was 
among the genotypes least affected by droughty 
conditions of Breda. This may partly explain its 
wider adaptability previously reported. 

The seasonal water use and water-use effi
ciency of the eight selected genotypes grown
 

rainfed at Tel Hadya are given in Table 33. The 

genotypes maturing latest (ILL 793 and 4349)had the highest consumptive use of water and 
I a e ie ly earlie u rn ge n 

ILL 9, a relatively earlier maturing genotype,
had the lowest water use. The wvater-use effi
ci ey w est ite e a e ntype ILL i9 
iency was highest in the early genotype ILL 9. 

Earliness combined with higher growth rates 
higer growth teEars obe th 


appears to be the key factor in improving the 

water-use efficiency. 

Table 32. Effect of total seasonal moisture supply on the seed and total biological yield of 12 diverse genotypes of lentil in 

northern Syria, 1982/83. 

Seed yield (kg/ha) Total biological yield (kg/ha) 

Breda Tel Hadya Breda Tel Hadya 

Rainfed Rainfed Irrigated ."ainfed Rainfed Irrigated 

Genotype Origin (260 mm) (322 mm) (472 mm) (260 mm) (322 mm) (472 mm) 

ILC 8 Jordan 518 840 1375 1646 3049 4371 

ILC 9 Jordan 419 1115 1480 1685 3594 4874 

ILC 16 Jordan 399 908 1749 1804 3255 5414 

ILC 101 Syria 341 861 1950 1006 3130 5454 

ILC 223 Iran 384 1018 1414 1283 3117 4294 

ILC 470 Syria 287 1015 1196 1110 3315 4482
 

ILC 793 Egypt 120 846 1794 994 3134 5144
 

ILC 1861 Sudan 327 714 1255 1098 2784 3728
 

90 913 1412 1206 3482 5132
ILC 4349 USSR 

1250 1700 1498 3655 5224
ILC 4354 Jordan 429 


ILC 4400 Syria 163 939 1688 1078 3131 4588
 

ILC 4401 Syria 
 349 1130 1422 1202 3588 4693
 

962 1536 1301 3270 4783
Mean 319 


CV (%) 35.8 20.2 14.7 15.4
 

LSD (5%) 164 357 275 1139
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Table 33. Total extractable moistrue (EM), evapotranspiration (ET) and water-use efficiency (WUE) for total biological 

yield (TBY) and seed yield (SY) of different lentil genotypes under rainfed conditions at Tel Hadya, 1982183. 

Date of EM ET WUE (kg/hahnm)
 
Genotypes maturity (mm) (mm) TBY SY
 

ILL 9 May 13 67.7 242.7 14.8 4.6
 
ILL 16 May 13 85.2 258.0 12.6 3.5
 
ILL 101 May 17 91.0 267.1 11.7 3.2
 
ILL 223 May 12 81.4 251.1 12.4 4.0
 
ILL 470 May 10 95.1 274.9 11.3 3.7
 

ILL 793 May 28 104.2 287.7 10.9 2.9
 
ILL 4349 May 28 103.1 289.7 12.0 3.1
 
ILL 4401 May 13 82.3 255.3 14.0 4.4
 

Of the genotypes evaluated for their early higher root-to-shoot ratio than other genotypes. 
root growth, ILL 470 was the fastest. In two In the field experiment also, among the early
separate germination studies, using all the test maturity types, it extradted the most moisture 
genotypes, this was confirmed. Also, in the pot- (Fig. 15). ILL 470 is, therefore, of interest to us 
culture study with different moisture regimes for further studies. 
this genotype produced more roots and had a 

cm water/1 5 cm soil depth 
1 2 3 4 5 1 2 3 4 5 61 2 3 4 5 6 1 2 3 4 5 6
I I I I I . I I I I I I I I I I a a 

1l6Mar : '16Mar o 16Ma' " 16 Mar 
30. N% "'".% 

0 0* 0300 

17 M-i 17 May 17 May . 17 M3y 

% 

60-B0 UO 

1503O 120 

-90J &0 *f I 

ILL470 ILL 4401 ILL 793 1LL 4349 

Fig5.. Soil-moisture content in different soil layers (cm water/15-m soil layer) at the highest recharge and at physiological 

maturityof some contrasting lentil genotypes under rainfed c+onditions at Tel Hadya, 1982/83. 
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Kabuli Chickpea Improve-
ment 
The overall objective of this program is to in-
crease the production of kabuli-type chickpeas 
in the world through the development of 
superior genetic stocks and associated improved 
production technology and making them 
available to national programs. Research on 
kabuli chickpeas is carried out in collaboration 
with ICRISAT. In 1982/83 our emphasis con-
tinued to be on developing genetic stocks and 
cultivars with high yield, ascochyta blight 
resistance, less photoperiod sensitivity, and 
maintenance of nutritional and cooking quality, 

The breeding strategy consists of making 
around 350 crosses of selected parents, growing 
the F1 generation in the summer nursery under 
artificially extended day length, evaluating F2 
populations and F4 and F6 progenies for 
ascochyta blight resistance, cold tolerance, iron 
ehlorosis, and Orobanchespp. tolerance at Tel 
Hadya, and screening F3 progenies for less 
photoperiod sensitivity'in the summer nursery. 
Due consideration is given for seed size, plant 
height, biological yield, and seed protein con-
tent while making selections. Uniform and 
promising progenies inF5 to F7 generations are 
bulked and then evaluated during winter and 
spring in multilocation replicated trials. This 
permits selection of genetic stocks for different 
agroecological zones. 

Although chickpeas are tiaditionally grown 
during spring in West Asia and North Africa, 
our research in the past has established the ad-
vantage of winter sowing in low-altitude areas 
in the Meu&erranean region. Therefore, em
phasis in research on development of genetic 
stocks and technology for production and pro-
tection has been directed toward the spring
sown as well as the winter-sown crop. 

Germplasm 
The Kabuli chickpea gene bank at ICARDA has 
a current holding of 5340 accessions. Of these, 
920 accessions were added in 1982/83. Of 5340 
accessions, 840 are those developed at ICARDA 
through hybridization. The collection 
represents 34 countries, the largest numbers, in 
decreasing order, coming from Iran, 
Afghanistan. Turkey, Chile, Spain, Tunisia, 
and India. Obvious gaps in our collection are 
Algeria, Mexico, and Morocco. 

Over 3300 accessions have been evaluated for 
27 descriptors. The evaluation data along with 
passport information have been computerized 
using our VAX-11/780 computer system. The 
information has been published as a 'Kabuli 
Chickpea Germplasm Catalog' and distributed 
to scientists. Evaluation of germplasm suggests 
that additional collections from the USSR could 
be useful for ascochyta blight and frost 
resistance, late flowering, and tallness: from 
Spain for large seed size and high biological 
yield; from Chile for more primary and secon
dary branches, high harvest index, and high 
protein content; and from the Indian subconti
nent for cold tolerance. 

One of our major objectives in germplasm 
resources work has been to distribute the germ
plasm to national programs. To date, 6330 
germplasm lines have been distributed. 

Improved Kabuli Chickpea 
Cultivars and Production 
Technology
 

Development of Cultivars and Genetic 
Stocks
 

During the 1982/83 season, 375 crosses were 



- -

made at Tel Hadya: 109 for development of 
cultivars for winter and spring sowing, 30 for 
large-seeded cultivars, 25 for tall types, 25 for 
large-seeded and tall cultivars, 12 for cold 
tolerance, 20 for improvement of local landrces, 
48 for national programs in Tunisia and Jordan, 

66 for identification and pyramiding of genes 
and 40 forfor resistance to ascochyta blight, 

inheritance studies of height and seed size, cold 

tolerance, protein content, iron chlorosis, and 
resistqnce to leafminer. Of the total '175 crosses, 

326 were single, 45 three-way, and 4 back
crosses. While the main emphasis continues 

to be on development of cultivars for winter ando 
spring sowing, the breeding work has been 
diversified to develop cultivars to meet the 
varied needs of national programs, such as large 
seed, tall type, cold tolerance, and incorpora-
tion of adaptation from the landraces. 

As the main focus of the program is to develop 
high-yielding and ascochyta blight resistant 
genetic stocks, one of the parents in all the 

crosses was ascochyta blight resistant. In view of 

the different races, we are attempting to iden-
tify genes for resistance and to pyramid them. 

Segregating populations. The F2 to F4 genera-
tions were grown in the ascochyta blight disease 
nursery during winter at Tel Hadya. The F5 to 

F
F7 generations were grown both during winter 
and spring for selection at Tel Hadyv. The F1,  

F3, and advanced generations were grown at 

Sarghaya during the off-,eason. The total 
segregating material grown during 1982/83 is 
shown in Table 34. The progenies found 
uniform and promising were bulked in F5 to F7. 
During 1982/83, 126 promising lines were 
bulked. These will be evaluated in 1983/84 for 
yield potential and adaptation during winter 
and spring at Tel Hadya and Terbol. 
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Yield trials. We evaluated 273 newly developed 
lines in five advanced yield trials (AYT) and 
eight preliminary yield trials (PYT) during spr-
ing at Tel Hadya. A total of 24 entries including 
21 test entries and 3 checks were evaluated in 
each trial (Table 35). Only 10 entries exceeded 
all three checks. At Terbol, 189 FLIP-developed 
lines tested in five AYTs and four PYTs per-
formed better than those at Tel Hadya. As many 
as 28 lines excecded all three checks (Table 36). 

Though most of the lines failed to produce 
higher yields than the checks, they exhibited 
resistance to ascochyta blight. Therefore, they 
could be expected to produce stable yields over 
the years in blight-prone areas. Furthermore, 
performvnce of some of these lines might be 
better in other chickpea-growing countries, so 
the promising ones will be furnished to national 
programs. 

Large-seeded chickpeas. The progress in 
breeding large-seeded, high-yielding ascochyta 
blight resistant lines has been slow because the 
resistant sources have very small seed size. 
However, nine lines with seed size larger than 
40 g/100 seeds were developed and tested in an 
advanced yield trial for large-seeded types dur-
ing winter and spring at Tel Hadva. The results 
indicated that 7, 9, and 5 entries exceeded ILC 
482, ILC 464, and ILC 3279, respectively, in 
the winter-sown trial. Only one entry was 
found to bre better than the large-seeded eheck 
(ILC 464) in the spring-sown trial. Since not 
enough entries are available for incerporation in 
the international nursery, the newly-bred lines 
will he used in the crossing program. 

The national program in Syria identified ILC 
620 and ILC 629, two large-seeded types, for 
evaluation in the on-farm trial during the 
1983/84 season, 

International trials. We place considerable 
emphasis on strengthening the national pro
grams by furnishing promising genetic materials 
and early-generation and advanced breeding 
lines. The number of nurseries distributed by 
ICARDA has increased from 34 sets in 1977/78 
to 339 sets for 1983/84. Greater demand from 
national programs indicates the usefulness of 
the nurseries. The nursery iypes have also in
creased from two in 1977/78 to nine for 1983/84 
to meet the diverse needs of national programs. 

Promising lines from international nurseries 
have been selected and included in multiloca
tion or on-farm trials with a view to release 
them as cultivars (Table 37). After initial 
testing, a few lines have been identified for 
prerelease multiplication and large-scale testing 
by five national programs: (i) Syria: ILC 3279; 
(ii) Lebanon: ILC 482; (iii) Jordan: ILC 482, 

ILC 202; (iv) Cyprus: ILC 3279; (v) Morocco: 
ILC 195, ILC 482, IL 484. It is expected that 
they will be released as cultivars if they continue 
to maintain superior performance. 

Seed Quality 

During 1982/83, we evaluated 3600 lines of 
chickpeas for their seed protein concentration. 
Considering the importance of seed size in 
determing the price and fitness for international 
trade, a technique for evaluation of seed size 
was also developed similar to the one described 
for lentils. Samples of chickpeas are sieved in a 
stack of round-hole sieves with hole diameters of 
9, 8, 7, and 6 mm for one minute by hand. 
Grading is based on the percentage of total seeds 
retained above the 8 mm sieve. Size distribu
tion, as a test of uniformity, is also studied and 
its standard deviation is used to determine the 
grade. Samples with the largest standard 
deviation combined with high percentage of the 



Table 35. Chickpea test entries that exceeded the yield of the checks in AYTs and PYTs at Tel Hadva. spring 1982/83. 

No. of test entries exceeding Highest yield Yield as 
check of test entries percent of check 

Trial 	 ILC 482 ILC 263 ILC 1929 (kg/ha) ILC 482 ILC 263 ILC 1929 CV (%) 

AYT-I 21 	 1757 152 95 98 16.0 
AYT-2 14 2 2 1698 157 109 110 20.2
 
AYT-3 5 1 1420 110 101 97 11.5
 
AYT-4 6 1251 108 90 94 12.5 
AYT-5 1375 94 92 91 13.5 

PYT-1 4 1442 118 98 95 23.7 
PYT-2 1 1 1539 101 108 93 24.3 
PYT-3 1086 86 86 88 16.5 
PYT-4 	 13 1 1 1036 127 108 106 24.5 
PYT-5 	 1 1 1 1433 110 107 111 27.3
 

PYT-6 	 2 3 1256 98 107 110 21.3
 
PYT-7 5 14 15 1553 112 127 137 18.2 
PYT-8 1 5 2 1461 102 116 111 17.5 

Table 36. Chickpea test entries that exceeded the yield of the checks in AYTs and PYTs at Terbol, spring 1982/83. 

No. of test 	entries exceeding Highest yield Yield as 
check of test entries percent of check 

Trial 	 ILC 482 ILC 263 ILC 1929 (kg/ha) ILC 482 ILC 263 ILC 1929 CV (%) 

AYT-1 5 1940 100 111 97 17.0 
AYT-2 4 2 2042 99 106 101 16.0 
AYT-3 6 3 15 2315 116 108 128 16.C, 
AYT-4 9 2149 92 99 112 12.0 
AYT-5 3 1 2175 108 94 103 14.2 

PYT-1 9 21 5 2264 115 154 107 19.0 
PYT-2 5 2 10 2681 130 125 138 19.0 
PYT-3 17 9 8 2056 122 112 110 20.0 
PYT-4 10 18 11 2278 123 136 129 23.0 

cc 
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Table 37. Promising chickpea lines included in multiloca-
tion, on-farm, and other national program trials. 

Country Line 

Syria ILC 72, 195, 202, 3279, 
20, FLIP 82-64, FLIP 82-336 

Jordan ILC 484, 202 
Lebanon ILC 482, 484 
Cyprus ILC 3279 
Egypt ILC 249, 484, 1407, 2912 

Sudan ILC 1919 
Tunisia ILC 482, 484 
Morocco ILC 195, 482, 484 
Pakistan ILC 192, 195, 482 
Canada ILC 451, 464, 604 
USA ILC 90, 102, 171 

232, 517, 650 

seeds retained over the 8 mm sieve are given the 
highest grade. Using these cri'eria, the chickpea 
genetic stocks being developed in the breeding 
program will be evaluated in 1983/84. 

Insects and Their Control 

Chickl eas have few insect problems in North 
Africa and West Asia. The chickpea leafminer, 
Liriomyza cicerina Rond, and the pod borer 
Heliothis spp., are the most important field 

pests in the region. In storage, Callosobruchus 
chinensis L. is the predominant species. A study 
of the pest situation during the 1982/83 season 
reveaied that, in addition to L. cicerina,another leafminer, Phytomyza atricornis (?) 

was also present. Botn could be reared on 
chickpea in the laboratory. A survey was then 
conducted in Syria and Jordan so as to ascertain 
the presence of more than one species of leaf

miner and the relative proportion in which they 
occurred. Both species were found throughout 
Syria and Jordan, L. cicerina being most 
prevalent and accounting for approximately
90% of the total leafminer population (Table 
38). Parasitism by Opius spp. was low, ranging 
from 0 to 3.5%. Heliothis spp. infestation in 

Jordan and southern Syria was higher than in 
north and central Syria. 

Chemical control of leafminer and pod borer. 
Study of selective ways of controlling leafminer 
and pod borer continued in 1982/83. In a winter 
trial, low dosages of systemic and contact insec
ticides were compared with the bacterial 
(Bacillus thuringiensis) and the previously 
recommended endosulfan treatments. Due to 
their inherent susceptibility to most insecticides, 
Heliothis spp. were readily controlled; B. thur
ingiensisdid act selectively on Heliothisspp. but 
provided only 50% control (Table 39). 

Table 38. Leafminer incidence, leafminer parasitism by Opius spp., and Heliothisspp. damage in 54 chickpea fields in Syria 
and Jordan, May 1983. 

% pods damaged 

Species composition % parasitism by Helothis spp. 

Location Liriomyza sp. Phytomyza sp. by Opius spp. Highest Mean 

Northern Syria 89.1 7.4 3.5 11.1 1.3 
Southern Syria 93.8 3.3 2.9 31.8 6.4 
Northern Jordan 95.6 1.5 2.8 16.4 5.8 
Central Jordan 85.0 15.0 0.0 7.4 1.9 
Tel Hadya 88.1 9.6 2.3 1.9 0.6 
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Monocrotophos was the most efficient insec
ticide against both leafminer and pod borer and 

. .-, , significantly increased yields by 20.9%. 

Proper separation of leafminer and Heliothis 
spp. damage was obtained by cages which acted 
as physical barriers to prevent access of the pod 

:S 10 borer. Through this device and the use of B. 
NiCA CI N . thuringiensis in comparison with dimethoate 

and endosulfan, yield losses due to Heliothis 
spp. damage in northern Syria were estimated 
at 3.0% (Table 40). 

-4 a 0 ci -; 0 06 4 - ronomic thresholds for leafminer control. Ra-
C .a 

tional use of chemicals for insect control re
quires the establishment of economic 

•d 
thresholds, that is to say the maximum pest level 
than can be tolerated before a control action 

a) "should be taken to maximize net returns. The 
first attempt to establish such a level was made 

in 1982/83. Spring-planted ILC 482 chickpeas 
were treated with endosulfan at different leaf

u. 
to 

.qR C. R 
C;i - C I-

Oq 
t-

miner damage levels. Maximum yield increases 
occurred. when the initial spray was done at 
30% mining level (Table 41); this in turn 

C, reflected on maximum net returns. The 
o economic threshold for a crop with these pro-

MM nCo 0 0j0 duction levels is between 25 and 30% mining 
-4  1 - o which, to be maintained, would require two to 

three sprays. This level of larval damage coin-

E V 

.cc 

ti 

cided with the orset of the second generation of 
leafminer adults (a week before flowering). 

C .action 
This suggested the possibility of establishing an 

threshold for insecticide applications 

Cae0 based upon simple adult counts. This will be 
U . studied in detail in 1983/84. 

Host-plant resistance to leafminer. Searh fECi 
,. - sources of resistance to the chickpea leafminer 

-._-- 0 U continued in 1982/83. More than 4300 

t,-e 
2E E 

O 0 
genotypes were evaluated. Only 13 (0.3%) of 
these were rated as resistant and selected for 

- 0 0r'E.U -,i Ci rescreening and yield testing. 
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Table 40. Yields and percent yield increases obtained in spring-pianted ILC 482 chickpea through differential control of 
leafminer and Heliothisap. at Tel Hadya, 1982/83. 

Leafminer leliothis spp. Yield %yield 
control control Methodl (kg/ha) increase 

yes yes dimethoate 2642 13.0 
yes yes endosulfan 2519 7.8 
no yes cage 2412a 3.2 
no yes Bacillus sp. 2409 3.0 
no no 2338 

LSD (5%) for yields 	 176.3 
CV (%) for yields 	 8.9 

1. 	Dosages were as follows: dimethoate, 0.20 kg a.i./ha; endosulfan, 0.70 kg a.i./ha; Bacillus sp. 1.5 liters of commercial 
product (3500 spores/mg) per hectare. 

a. 	 Corrected for cage effect. 

Table 41. Effect of chemical protection at different levels of leafminer damage on the yields of spring-planted ILC 482 
chickpeas at Tel Hadya, 1982/83. 

No. of Yield %Yield Ranking for
 
Kind of protection sprays (kg/ha) increase net benefits
 

Full 	 7 2135 15.1 4 
At 15% mining level' 	 4 2156 16.2 3 
At 30% mining level I 	 3 2207 18.9 1 
At 45% mining level 2 	 1 2058 10.9 2 
Never sprayed (check) 0 1855 	 5 

LSD (5%) for yields 	 286 
CV (%) for yields 	 9 

1. Preflowering. 
2. 	 Pod setting. 

The visual damage scale used for screening To measure the levels of resistance detected so 
was tested by planting 35 previously selected far, 18 lines of known reaction to leafminer at
accessions in different fields and in both winter tack were yield-tested tinder protected and 
and spring seasons. Rank correlation coeffi- nonprotected conditions. Table 42 illustrates 
cients for visual damage scores between fields the performance of 10 of them. Pod borer in
and seasons were highly significant, ranging terference was minimal and thus it can be said 
from 0.931 to 0.956. The rescreening confirmed that yield losses due to leafminer ranged from 
resistance ratings for all but three of the acces- 3.9 to 23.1 %, average for the 18 genotypes be
sions, suggesting that the visual damage score ing 13.4%. Most lines behaved as expected, 
was reliable for initial mass screening. Progress showing in some cases high levels of resistance. 
was also made in identifying highly susceptible However, the rank correlation coefficient bet
materials which will be used as spreaders and as ween visual damage scores and percent yield 
susceptible checks in yield trials, 	 losses was low (rs = 0.399; NS), suggesting that 
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Table 42. Visual damage scores (for 1981/82 and 1982/83), protected and nonprotected yields, and comparative yield losses 
in chickpea cultivars selected for varying degrees of resistance to leafminer (means of iour replicates) atTel Hadya, 1982/83. 

Visual damage scores' Yields (kg/ha) 1982/83 %yield 

Cultivar 1981/82 1982/83 Protected Nonprotected loss 

ILC 726 3 3 1803 1733 3.9 
ILC 2319 5 5 1670 1578 5.5 
ILC 3350 3 3 1673 1555 7.0 
ILC 2618 3 5 2051 1826 10.9 
ILC 3307 9 9 2103 1995 5.1 

ILC 2512 9 9 1966 1512 23.1 
ILC 2993 9 9 1598 1263 21.0 
ILC 482 7 9 2036 1612 20.8 
ILC 562 9 9 2136 1709 20.0 
Local 7 9 2122 1923 9.4 

LSD (5%) 160.8 211.9 
CV (%) 17.0 12.0 

1. Damage score on 1-9 scale: 1 = no damage, 9 = severe damage. 

visual scores, while useful for mass screening 
purposes, do not by themselves predict yield 
losses. This was best illustrated by ILC 3307. 
Lack of correlation between visual scores and 
percent yield losses has also been found with 
other insects in several crops. The alternative is 
to look for other parameters which might better 
explain yield and provide a clue to the possible 
mechanisms of resistance. Preliminary observa-
tions suggested that the rate of defoliation due 
to leafminer damage might be one such 
parameter. It was found, for example, that the 
most susceptible material (ILC 2512) lost 2.2 
times more leaflets due to insect damage than 
the most resistant material (ILC 726). These 
studies on the mechanisms of resistance will be 
continued in 1983/84. Simultaneously, a small 
breeding program will be initiated with the 
resistance sources identified so far. 

Host-plant resistance to bruchids. Mass screen-
ing for resistance to Callosobruc!us chinensis 

continued in 1982/83. Of more than 3000 
genotypes so far screened, none passed the 
replicated tests to be rated as resistant. 

Production Agronomy 

The advantage of winter planting as compared 
to spring planting was further evaluated at 
Terbol in Lebanon and, in cooperation with the 
Agriculturai Research Centre of Syria, at 
Gellien in Syria. Plant poptlations were also 
varied to determine the optimum date and 
population combination. Advancing the date of 
planting from spring (March) to late winter 
(December) resulted in a significant increase in 
seed yield (Fig. 16). Advancing the sowing to 
early winter from late winter did not register 
anty further advantage because of the very cold 
winter in 1982/83 (Table 25). Increasing the 
population level increased yield, the maximum 
being at the highest population level of 33.3 
plants/m2 . 
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Development of Improved Kabuli 
Chickpea Cultivars and Produc-
tion Technology for Winter 
Sowing 

Efforts continued in 1982/83 on the develop-

nent of high and stable yielding, cold-tolerant, 
ascochyta blight resistant cultivars and genetic 
stocks adapted to winter sowing in the low-
elevation areas of the Mediterranean region
where the crop is traditionally sown in sraces 

pro in
Studies on developing appropriate production 

and protection technology for winter sowing 

were also continued. 

Development of Genetic Stocks and
Cultivars 

Since a prerequisite for success with winter 
sowing is tolerance to cold and resistance to 
ascochyta blight, efforts continued on screening 
germplasm and genetic stocks for these at-
tributes. 

Screening for cold tolerance. In an attempt to 
develop a suitable field screening technique for 
cold tolerance, a set of genotypes ranging from 

highly resistant to highly susceptible was sown 
on nine dates from 23 Oct 1982 to 9 Mar 1983. 
Fifty-two nights had sub-zero temperatures 
during 1982/83. Cold injury was observed only 
in the first four sowings but more reliable results 
were obtained from the first date of sowing. 
Data for cold tolerance were recorded when the 
susceptible check was completely killed. Ad-
v'ancing the sowing date induces more crop 
growth and allows greater exposure to cold and 
is thus more reliable for screening for cold 
tolerance than late sowings. 
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In the 1982/83 season, promising cold
tolerant kabuli lines identified during 1981/82 
were sown on 23 Oct 1982 for resereening. Ten 
lines were found to be highly tolerant: ILC 666, 

668, 1071, 2487, 2505, 3081, 3287, 3470, 3598, 
and 3789. 

Screening for ascochyta blight resistance. In 

1982/83, a large amount of germplasm and 
breeding material was screened for ascochyta 
blight resistance over an area of 8.5 ha. All 
materials were tested against a mixture of four 

(races 1, 2, 3, and 4) and the resistance 
was considered at both vegetative and podding
sae.Nn fte48nwkbl emls 
stagesi None of the 468 new kabuli germplasm 
accessions screened was found resistant. The 
resistance and tolerance of 17 and 34 germplasm 
lines, respectively, was confirmed in Syria. A 
total of 8921 breeding lines/populations were 
screened for blight resistance to enable selection 
of resistant material (Table 43). 

Table 43. Breeding materials tested against ascochyta 

blight at Tel Hadya and Lattakia, 1982/83. 
No. of entries 

Materials tested tested 

Tel Hadya 
International yield trials 44
Advanced and preliminary 348
yied ai 
Genetics of resistance F3 progenies 607 

F2 populations 631 
F3 progeny rows 2310 
F4 progeny rows 
F5 progeny rows 2167 
F6 progeny rows 708 
F7 progeny rows 546 
Large-seeded F4-F7 progeny rows 126 
Tall F5 -F7 progenies 90 

Lattakia 
International yield trials 12 
Advanced yield trials 120 

All yield trials were repliLated. 
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A large-scale screening of germplasm in the 
plastic house aganist the most virulent race of 
Ascochyta rabiei (race 6) helped in the iden-
tification of five resistant (ILC 187, 202, ICC 
3996, 6988, and Pch 128) and seven tolerant 
(ILC 193, 3346, ICC 3840, 3969, 4324, 4475, 
and 6981) lines. 

As the original germplasm sources of 
resistance to ascochyta blight, such as ILC 72 
and ILC 202, have small and intermediate type 
of seeds and are late maturing, the ascochyta 
blight resistance has been transferred into lines 
with good agronomic characteristics, accep-
table seed size and appearance, and reduced 
photoperiod sensitivity (Table 44). 

Through the Chickpea International 
Ascochyta Blight Nursery (CIABN-83), 50 
kabuli and desi germplasm accessions and 
kabuli lines developed through hybridization at 
ICARDA were tested in blight endemic coun-
tries to identify the blight-resistant lines. These 
linef were found resistant at Tel Hadya for at 
least the past two seasons. A total of 40 sets of 
CIABN-83 nursery have been distributed and 
data are awaited. 

Resistance to Orobanch, spp. Orobanchespp. 
infestation has been observed in northern Syria 
and it might become a problem in winter-sown 
chickpeas. A total of 504 lines were screened at 
Kafr Antooon for resistance to Orobanche spp. 
during the 1981/82 season in a naturally infested 
field and 72 were found promising. These were 
rescreened during 1982/83 and 11 highly resis
tant lines were identified (ILC 229, 280, 348, 
351, 613, 4074, ICC 170, 192, 205, FLIP 81-61, 
81-293). 

Yield potential. We evaluated 273 newly bred 
lines for yield and adaptation in five AYTs and 
eight PYTs at Tel Hadya in 1982/83. Three 
checks, namely, ILC 482, a cultivar released for 
winter sowing in Syria, ILC 1929, a landrace 
grown in spring, and ILC 3279, a tall and 
ascochyta blight and cold tolerant line were in
cluded in each trial of 24 entries for comparison. 
A total of 242 and 152 entries exceeded ILC 482 
and ILC 3279, respectively, ILC 1929, being 
susceptible to ascochyta blight, was killed. The 
highest yielding entries generally produced 
between 2500 and 3000 kg/ha and exceeded ILC 
482 by a margin of 50-121%. At Terbol 189 
FLIP lines were tested in five AYTs and four 

Table 44. Comparison of plait height, seed type, seed size, and days to 50% flowering of some ascochyta blight resistant 
germplasm accessions and genetic stocks developed through hybridization at Tel Hadyn, 1982183. 

Geneticstock/ 
gcrmpla.M line 

FLIP 82-64 
(ILC 80 x ILC 72) x ILC 263 
FLIP 82-65 
(ILC 72 x ILC 1922) 
FLIP 82-73 
(ILC 1919 x ILC 202) 
ILC 72 
ILC 202 

Ascochyta blight 
reactiou 1 

HR 

HR 

R 

HR 
HR 

1. R = Resistant, -1R = Highly resistant. 
2. K = Kabuli, I = Intermediate. 

Plant 
height 

Seed 
type2 

Seed 
size 

Days to 
50% 

(cm) (g;100 seeds) flowering 

58 K 34.2 149 

52 K 35.3 147 

54 K 31.7 143 

50 I 28.6 147 
57 I 27.7 147 
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PYTs against the same three checks. A total of newly-bred FLIP entries and three checks, ILC 
56, 53, and 62 entries exceeded ILC 482, ILC 482, ILC 3279, and ILC 1929, during winter 
3279, and ILC 1929, respectively. The highest and spring. Nine entries produced higher yield 
yielding entries produced between 2732 and than the tall check, ILC 3279, and the highest 
3653 kg/ha. yielding entries in the winter-sown trial pro

duced 121% of the check (Table 46). Of 21 test 
The prformance of the three highest yielding entries, only three were tall and the remaining 

entries in each AYT and their reaction to were mid-tall. FLIP 82-73 was the only one 
ascochyta blight and cold in advanced yield which was tall, true kabuli, with 36 g/100-seed 
trials at Tel Hadya and Terbol are summarized weight, and resistance to ascochyta blight. This 
in Table 45. In every trial the top three ranks line has been produced after making over 200 
were occupied by newly bred FLIP entries. The crosses in the last six years. It will be exploited 
yield levels were generally over 2500 kg/ha, fully at ICARDA for producing better tall 
though the 1982/83 season was one of coldest in genotypes. 
the last 50 y'ears. Most ef the new lines had a 
higher level of resistance to ascochyta blight and 
cold than ILC 482. Notwithstanding the quality of seed, the tall 

type ILC 3279 in Syria and Cyprus and ILC 202 
Yield gain in tall types. An Advanced Yield in Jordan are in final stages of testing and might 
Trial-Tall (AYT-T) was conducted with 21 be released as cultivars 

Table 45. Three highest yieldinig entries of chickpea in AYTs during winter at Tel Hadya (T.H.) and Terbol (Tr.), 1982/83. 

Evaluation at Tel Hadya 

Yield (kg/ha) AB1 Cold 2 

Trial/entries T.H. Tr. Mean Rank Veg Pod tolerance 

Check 

AYT-I 
FLIP 81-3 
FLIP 81-4 
FLIP 81-11 
ILC 482 
ILC 3279 
ILC 1929 

SE + 
CV (%) 

2552 
2610 
2424 
1568 
2235 

0 
172.8 
16.3 

2536 
2411 
2577 
2335 
2542 
2375 
239.0 

20.4 

2544 
2511 
2501 
1952 
2389 
1188 

1 
2 
3 

23 
8 

24 

2 
2 
2 
3 
3 
9 

4 
5 
5 
7 
2 

2.3 
2.3 
2.3 
2.8 
2.3 
5.3 

Check 

AYT-2 
FLIP 81-293 
FLIP 81-359 
FLIP 81-304 
ILC 482 
ILC 3279 
ILC 1929 

SE ± 
CV (%) 

2033 
1888 
2298 
1406 
1830 

( 
155.5 
17.0 

2863 
2881 
2446 
2720 
2571 
2589 
210.3 

17.0 

2448 
2385 
2372 
2063 
2201 
1295 

1 
2 
3 

20 
13 
24 

2 
2 
2 
3 
3 
9 

3 
5 
3 
7 
2 

2.5 
2.3 
2.8 
3.5 
3.0 
4.5 

Con1d. 
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Table 45 contd 

Evaluation at Tel Hadya 

Yield (kg/ha) AB1 Cold 

Triallentries T.H. Tr. Mean Rank Veg Pod tolerance 2 

Check 

AYT-3 
FLIP 82-20 
FLIP 82-7 
FLIP 82-17 
ILC 482 
ILC 3279 
ILC 1929 

SE+ 
CV (%) 

2407 
2342 
2310 
1194 
1862 

0 

165.1 
17.5 

2810 
2601 
2411 
2804 
2637 
2381 

178.1 
15.0 

2609 
2472 
2361 
1999 
2250 
1191 

1 
2 
3 
20 

7 
24 

4 
2 
2 
3 
3 
9 

5 
6 
3 
7 
2 

2.5 
2.0 
3.0 
3.5 
2.8 
4.8 

Check 

AYT-4 
FLIP 82-29 
FLIP 82-32 
FLIP 82-30 
ILC 482 
ILC 3279 
ILC 1929 

SE ± 
CV (%) 

2624 
2376 
2390 
1758 
2408 

0 
160.9 
15.3 

2929 
3060 
3024 
3155 
2911 
3089 

133.0 
9.4 

2777 
2718 
2707 
2457 
2660 
1545 

1 
2 
3 

15 
5 

24 

2 
2 
2 
3 
3 
9 

5 
5 
5 
7 
2 

2.5 
3.0 
3.0 
3.3 
2.8 
5.5 

Check 

AYT-5 
FLIP 8'2-53 
FLIP 8.-62 
FLIP 82-57 
ILC 482 
ILC 3279 
ILC 1929 

SE+ 
CV (%) 

2406 
2110 
2195 
1335 
2248 

0 
146.1 
12.4 

2841 
2786 
2643 
2603 
2444 
2349 

231.2 
17.0 

2641 
2448 
2419 
1969 
2346 
1175 

1 
2 
3 
22 

6 
24 

2 
4 
2 
3 
3 
9 

5 
3 
5 
7 
2 

3.0 
2.7 
3.0 
3.7 
3.0 
5.7 

The italicized figures were in the top significant group. 
1. AB = Ascochyta blight rating on 1-9 scale, where I is free and 9 dead. 
2. Cold tolerance evaluated on 1-9 scale, where I ishighly tolerant and 9 dead. 

Table 46. Chickpea test entries that exceeded the yield (kg/ha) of the checks in AYT-T at Tel Hadya, winter (W)and spring 
(S), 1982/83. 

No. of test entries exceeding Highest yield 
Trial check of test entries Percent of check CV (%) 

ILC 482 ILC 3279 ILC 1929 ILC 482 ILC 3279 ILC 1929 

AYT-T(W) 21 9 21 2313 
 184 121 17.3
 

ILC 482 ILC 263 ILC 1929 ILC 482 ILC 263 ILC 1929 

AYT-T(S) 7 1513 117 97 85 15.6 
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On-Farm Trials with Winter ILC 3279 ranked second (1647 kg/ha). It had 
Sowing a better level of resistance to ascochyta blight 

and cold than ILC 482. Being 50% taller than 
ILC 482 it is more suited for mechanical 

On-farm trials were jointly conducted by harvesting, and thus has a special appeal to 
ICARDA and the Agricultural Research Centre farmers. In on-farm trials for 2 years, it pro
of the Ministry of Agriculture and Agrarian duced 1640 kg/ha average grain yield and 
Reform, Syria, at 24 locations during 1982/83. ranked first (Table 48). The Ministry of 
Three genotypes, ILC 195, ILC 202, and ILC Agriculture has identified ILC 3279 as a can
3279 were tested against ILC 482 during winter didate for release after one more year of testing. 
and all four genotypes were tested against a In anticipation of release, they have asked 
Syrian landrace during spring (Table 47). ILC ICARDA to increase its seed. 
482 produced the highest yield both during 
winter (2018 kg/ha) and spring (1367 kg/ha). On-farm trials on winter sowing were also 
Thus, no genotype was found superior to ILC conducted in Jordan and Morocco national 
482 which is a recommended cultivar for winter programs and the results are reproted to be 
sowing in Syria. promising. 

Table 47. Mean performance of chickpea cultivars in on-farm trials in Syria, winter and spring seasons, 1982183. 

Yield (kg/ha) I Percent increase of winter yields 

Cultivar Winter Spring Over spring Over Syr. local 

ILC 195 1616 1001 62 48 
ILC z02 1586 1023 55 45 
ILC 402 2018 1367 48 85 
ILC 3279 1647 1074 53 51
 
ILC 1929 Not sown 1092 
(check) 

1. Average of 24 locations. 

Table 48. Yield performance (kg/ha) of ILC 3279 in on-farm trials in Syria, 1981/82 and 1982/83. 

Winter Spring 

ILC ILC 

Year 195 202 482 3279 Local 482 195 202 3279 

198 1/8 2a 
1982/83b 

1256 
1616 

1608 
1586 

1128 
2018 

1632 
1647 

259 
1092 

806 
1367 1001 1023 1074 

Mean 1436 1597 1573 1640 676 1087 1001c 1023c 1074c 

a. Average of three locations. 
b. Average of 24 locations. 
c. Only 1-year result. 
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'.t7. 

ILC 3279 has a good level of resistance to ascochyta blight and cold. Being a tall type, it is suited to mechanical harvesting. 
The Syrian Ministry of Agriculture is considering to release this genotype in Syria. Syr. Local (left) was wiped out by 
ascochyta blight. 

Diseases and Their Control 

Survey of Diseases 

Survey of diseases on chickpeas was made in 
Syria, Jordan, and Tunisia. In winter-sown 
hickpeas in Syria, ascochyta blight was the 

major disease. Plants showing the symptoms of 
stunt (pea leaf roll virus) and bean yellow 
mosaic were also observed, the incidence of the 
latter being much higher in 1982/83 than in the 
past 3 years. The incidence of root-knot, cyst, 
and Pratylenchus spp. nematodes was also 
observed. In Jordan, ascochyta was serious but 
some plants affected by stunt and other viral 
diseases were also observed. At Amshaqar 
research station, symptoms of Pratylenchusspp. 

damage were also seen. In Tunisia, wilt 
(Fusarium oxysporumn) was the major disease, 
followed by stunt. Because of dry weather, 
ascochyta blight was not present on farmers' 
fields. 

Studies on Ascochyta rabiei 

Fifty samples of chickpeas affected by blight 
were collected from all over Syria and fungal 
isolates were studied for cultural and mor
phological characters and growth rates. Using a 
set of 18 differential genotypes, attempts were 
made to identify the " .riability in the fungus. 
The population was found to consist of six 
physiologic races (Table 49). The less virulent 
races (races 1, 2, and 3) were prevalent in the 
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Table 49. Reaction of 18 differential varieties afchickpea to six races of Ascochyta rabiei at Tel Hadya, 1982183. 

Differential 

variety of
 
chickpea Race I Race 2 


ILC 72 R T 

ILC 182 T S 

ILC 191 T S 

ILC 194 R R 

ILC 200 R T 


ILC 215 R R 

ILC 249 R R 

ILC 482 R R 

ILC 484 R T 

ILC 1929 S S 


ILC 3279 R R 

ICC 1591 R 'r 

ICC 1903 R R 

ICC 2232 T S 

ICC 3996 R R 

ICC 4107 R R 

C 235 R T 
F8 R S 

R = Resistant, T = Tolerant, S = Susceptible. 

farmers' fields, whereas more virulent races 
(races 4, 5, and 6) were detected in the ex-
perimental sites only. The isolates while ac-
cumulating genes for virulence were found to 
lose their sporulating ability. Many lines when 
infected by matching virulent isolates showed 
considerable residual effects of the defeated 
resistant genes. 

In a cooperative project with the University 
of Reading, UK, we continued to study the 
pathogenic variation in isolates of A. rabiei ob-
tain~d from throughout the chickpea-growing 
regions. 

A field experiment to study blight develop-
ment in relation to temperature and relative 
humidity showed that between the mean 

Blight reaction 

Race 3 Race 4 Race 5 Race 6 

T R T S 
T T S S 
S S S S 
T T T S 
T T T S 

R S S S 
R S S S 
R T S S 
S S S S 
S S S S 

R R S S 
S T T S 
S S S S 
S S S S 
R R R S 
R T T S 
R S S S 
S S S S 

relative humidity levels of 51.5 and 84.4%, the 
minimum and maximum temperatures were 
critical. Blight started to increase rapidly only 
when minimum and maximum temperatures 
rose above 5 and 15'C, respectively. The mean 
temperature had to be above 15'C (Fig. 17). 
Providing 100% relative humidity (BH) only for 
2 days after inoculation with ascochyta blight 
was enough to kill a susceptible cultivar at 
15-20'C. A minimum period of 100% RH for at 
least 4 hr was needed for infection to occur in a 
susceptible genotype at a temperature of 
15-25°C. An experiment under controlled con
ditions revealed that with race 3 of A. rabieithe 
incubation period was least (2 days) at 25°C 
and maximum (10 days) at 10°C. The max
imum disease development and sportiation of 
the fungus were recorded at 20'C. 
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Development of aseochyta blight of chickpea in reiation to temperature and relative humidity at Tel Hadya, 1983. 

Attempts to locate or induce the perfect stage 
of the ascochyta bligh; pathogen, Myco-
sphaerellarabiei, did not succeed. 

Chemical Control 

One foliar application of chlorothalonil (Bravo 
500) during the early podding stage of a cultivar 

with a good level of vegetative iesistance but 
poor pod resistance gave good control of pod 
infection by ascochyta blight. 

For eradicating the seedborne infection of A. 
rabiei, seed dressing with thiabendazole (Tecto 
60) was more effective than Calixin M. Even at 
higher doses Tecto did not have any phytotoxic 
effect. 
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Production Agronomy 	 December than with February sowing although 
the differences wt,'e of smaller magnitude than 
in the previous year. The total biological yield 

Planting Date 	 of the large-seeded genotype (ILC 464) was not 
affected by sowing date and the seed yield was 

A study to examine growth and yield response of decreased in the December sowing in contrast to' 
five new cnickpea genotypes of diverse growth the February sowing. The higher susceptibility 
habits and seed type to winter vs spring sowing of ILC 464 to frost was probably the main 
was started in the 1981/82 season. During the reason for this difference. The total dry-matter 
1982/83 season, it was repeated using only two production per plant in relation to crop age, 
dates of sowing t2 Dec and 11 Feb). The seed however, confirmed the pattern obtained last 
and total biological yields of the conventional year: the large-seeded chickpea (ILC 464) had 
(ILC 482) and tall (ILC 195, 202, and 3279) 1 igher total dry matter per plant than the other 
winter-type chickpeas were higher with genotypes (Fig. 18), the difference being par-

Date of planting : 2 Dec 1983 	 Date of planting 11 Feb 1983 
8- IlllIllIXIIIV5 ILC 464 

- V2 ILC 195
 

7-

Seed yield (kg/ha) 	 Seed yield (kg/ha) * 

1500" 1500- zS(%
LSSD((5% 

z 1000-	 z 1000 a 	 --
E 50 :500 

0 3- 0 - I.
OJ - -flL Oz0-' IL-9 

Z LC 

2-ILC 195 46 195 ILC 195 464 IL 
Genotypes NS Z 464 Genotypes 1464 

100%flowering 

1" N S 	 fS ,, 100% flowering 

90 100 110 120 #130 140 1 150 16C, 	 170501 601 70 j 80 #90 1 0 0 

o I I a> a. a >, 
z <2 << << 
r-	 0 CD o V I0) 0 

04 N- -4 C1 ("4 
Days after sowing/Sampling date 

Fig. 18. Total dry-matter production (gplant) curves of chickpea genotypes, when planted at two different dates, Tel Hadya 
1982183. 
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ticularly conspicuous in the February sowing. 
This growth difference was also reflected in the 
highest yield of ILC 464 in the February sow-
ing. 

.1ant Population and Planting 
Geometry 

The effect of plant population (30: 50, and 75 

plants/m2) and planting geometry (1:1, 1:2, 1:3) 
was studied using a conventional-type (ILC 
482) and a tall-type (ILC 3279) chickpea (Fig. 
19). In the case of ILC 482, 1:1 planting 
geometry was superior to rectangular geometry 
(1:2 or 1:3), particularly at the lowest popula-
tion level (30 plants/m 2). But when the popula

tion was raised to 75 plants/m2 the seed yield 
was highest and the differences in planting 
geometry were not significant. In the tall type, 
rectangular geometry of 1:2 proportion was 
better and significantly superior to 1:1 geometry 
particularly at the highest population (75 
plants/m 2) which resulted in the highest yield 
(Fig. 19). 

Residue Management and Phosphate 
Application 

Incorporation or burning of the residues of the 
preceding cereal crop had no effect on the per-
formance of winter-sown ILC 482 chickpea 
(Table 50). Placement of 50 kg P20 5/ha as triple 
superphosphate either along with seed or 5 cm 
below the seed resulted in a significant inci'ease 
in yield when compared to either broadcast 
application or the no-phosphate control. The 
available soil phosphorus in the top 15-cm soil 
layer in this 'rial ranged from 1.3 to 1.5 ppm. 

The nitrogenase enzyme activity of the root 
system was studied on 31 Mar and 24 Apr, when 
the growth differences due to phosphate ap-

1400 LC 482 LC 3279 
-


1000 ,
 
6 -

-7 600 

LSD (5%) LSD (5% 

-


F 3000 ,
 

/ / ,
 
2600 / 

/
2200 1/ / 
1800 . L I 

"1400 D 5.%._ .. (
 

30 50 70 30 50 70
 
Plants/m 2 

Geometry 1:1 1:2 1:3 

Fig. 19. Total biological yield and seed yield of ILC 482 
and ILC 3279 as affected by plant population and planting 
geometry, Tel Hadya, 1982/83. 

plication started to become conspicuous. The 
data revealed that the nitrogenase activity in
creased with placement of phosphate below the 
seed. 

Weed Control 

The importance of controlling weeds in the 
winter-sown crop was evident from the fact that 
weedy check plots yielded 28.6, 61.9, 62.8, and 
76.2% of the yields obtained under weed-free 
conditions at Tel Hadya, Terbol, Jindiress, and 
Prison Farm, respectively. Preemergence ap
plication of cyanazine at 1.0 kg a.i.iha proved 
very effective in controlling weeds and increas
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Table 50. Total recoverable biological yield (TBY, kg/ha) and seed yield (SY, kg/ha) of ILC 482 as affected by different 
methods of applying P fertilizer and by different methods of straw management of the previous wheat crop at Tel Hadya, 
1982/83. 

SYTBY 

treatment Straw Straw Straw Straw 
Phosphate 

(P) incorporated burnt P means incorporated burnt P means 

To control 5575 4767 5171 2689 2527 2608 
T, 50 kg P2 05/ha broadcasted 5724 5538 5631 2862 2878 2870 
T2 50 kg P2 05/ha deep placed 6610 6750 6680 3602 3398 3500 
T3 50 kg P20 5 /ha mixed with 
seeds 6460 5902 6181 3290 3062 3176 

Straw management mean (B) 6092 5739 3111 2966
 
CV (%) main plot (B) = 8.1 B = 6.9
 

subplot (P) = 12.7 P = 10.9
 
LSD(5%) B = NS, P = 788, PinB=1114 B = NS, P = 348, PinB =492
 

ing yield at Jindiress and Prison Farm and 
chlorbromuron at 1.5 kg a.i./ha at Tel Hadya. 
Terbutryne at 3.0 kg a.i./ha proved promising 
at Terbol. 

Role of Food Legumes in 
Dryland Agriculture 

Studies on this aspect have been conducted in 
the program since 1978/79. Results have con-
sistently shown that a well managed legume 
crop not only gives high protein yield but also 
benefits the following cereal crop; a cereal crop 
following legume yields nearly the same as a 
cereal crp following fallow and significantly 
higher tian the yield of a cereal following 
cereal. In the final cycle of this trial, legumes 
were again planted during 1982/83 to study 
their residual effect during the 1983/84 season. 
The production of dry matter, seed yield, and 
total nitrogen yield under different treatments is 
presented in Table 51. 

Carbofuran application marginally improved 
the lentil seed yield but improved straw yield by 
16,8%. Sowing chickpea in winter in contrast 
to spring increased straw and grain yield by a 
margin of 59 and 27%, respectively. These 
dry-matter increases were also reflected in total 
nitrogen yields from these crops. 

Highest nitrogen yields were obtained from 

lentil followed by those from peas, faba beans, 
and winter-sown chickpeas. Spring chickpea 
gave the lowest nitrogen yield. An estimate of N 
derived from symbiotic fixation was obtained 
by the difference method: deducting the 
nitrogen yield of wheat fertilized with 20 kg 
N/ha from that of the legumes which were also 
fertilized with 20 kg N/ha. Among the pure 
legumes, maximum 'fixation' was obtained in 
case of lentil and minimum in case of spring 
chickpea. Of course L-? values of 'fixed 
nitrogen' in case of intercropped treatments, 
were lower than in the pure spring chickpea. 

During the 1983/84 season, the residual effect 
of the legume treatments of the 1982/83 season 
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Table 51. Straw, grain, ak:d total eecoverable biological yield, total nitrogen yield, and yield of nitrogen derived from fixa
tion (as estimated by 'differe ice' method) from different legumes grown rainfed at Tel Hadya, 1982/83. 

Treatmcntsl 

Lentil (ILL 4401) 

Lentil with carbofuran (1.5 kg a.i./ha) 

Winter-sown chickpea (WCP, ILC 482) 

Spring-sown chickpea (ILC 482) 

Faba bean (ILB 1814) 

Peas (local) 

WCP intercropped with wheat 2 


WCP intercropped with barley2 


Wheat (Norteno x S311) with 20 kg N/ha 

Wheat with 60 kg N/ha 


CV (%) 
LSD (5%) 

Yield (kg/ha) Total N 
yield N fixation 

Straw Grain Total (kg/ha) (kg/ha) 

4457 1876 6333 120.3 88.0 
5206 1887 7093 131.6 99.3 
2305 1884 4189 63.4 31.1 
1450 1477 2927 48.6 16.3 
1306 1809 3115 81.2 48.9 
3469 1518 4987 81.4 49.1 
2791 1301 4092 43.6 11.3 
2867 1954 4821 44.3 12.0 
4588 1055 5643 32.3 
8146 1426 9572 65.5 

15.0 12.0 11.0 13.8 
813 279 861 14.2 

1. Crops in all treatments received 46 kg P205/ha. Treatments 1-9 received 20 kg N/ha. 
2. The yield data are total of chickpea and cereal yield. 

will be studied at three rates of directly applied 
nitrogen (0, 30, and 60 kg N/ha). At the 30 kg 
N/ha level, the estimate of nitrogen enrichment 
of soil from the previous season's legumes will be 
made using the 15N dilution technique. 

r rojects 

International Testing Program 

We continued to coordinate the international 
cooperative program on faba beans, lentils, and 
kabuli chickpeas. The kabuli chickpea program 
was run in collaboration with ICRISAT. The 
main objectve of the program is to provide a 
mechanism for multilocation testing of genetic 
material of these legumes from ICARDA and 
from national programs. The testing aims at 
evaluating genotypic performance for both 
yield and reaction to biotypes of locally occurr-

ing pests and .iseases. It will help in (1) identi
fying superior genotypes adapted to specific 
environments or those with wide adaptation, 
(2) reducing the number of seasons that a 
breeder requires for genotype evaluation prior 
to cultivar release, and (3) disseminating elite 
germplasm and segregating populations to in
terested scientists for selection and development 
of superior cultivars well adapted to local en
vironments. Through the distribution of 
agroaomic trials we hope to generate informa
tion on optimum practices for different en
vironments. 

A total of 925 sets of 34 different types of 
nurseries of the three legumes were sent to na
tional programs in more than 40 countries for 
the 1982/83 season. For the 1983/84 season, a 
total of 937 sets of 38 different nurseries were 
dispatched in August 1983 to cooperators in 49 
countries. Even this number fulfilled only 80% 
of the demand from cooperators. The con



tinuous rise in the types of trials and number of 
sets supplied (Fig. 20) is an indication of the 
growing awareness of national programs to the 
importance of these trials and nurseries. 
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scientists from the two countries is responsible 
for the planning and execution of the project 
with technical and logistical support from 
ICARDA, using funds provided b%IFAD. Dur
ing the 1982/83 cropping season, a component 
of research on lentils was also included in the 

of work for Sudan, in view of the in

creasing demand and limited supply of this in
portant food legume there. 

"+0On-FarmTrials in Egypt 

012"1 300 Z 

8- Types of trials4No. ..... 
of sets supplied 100 

0- , , , , 0 

S r- C 
. ... .. .. 

Cropping season 

Fig. 20. Growth of the international testing program on 
food legumes at ICARDA, 1977-84. 

The results of these trials are analyzed at 
ICARDA and reports printed and distributed, 
Reports up to the 1980/81 season have already 
been distributed. The one for the 1981/82 season 
is in preparation. 

Nile Valley Special Project 

During the 1982/83 season, Phase I of this 
special project was completed and the first of 
the 3 years of Phase II started. The objective of 
this project is to test the recommended cultivars 
and cultural practices of faba beans in farmers' 
fields in the Nile Valley of Egypt and Sudan, 
identify constraints to their adoption, and carry 
out any back-up research to remove the con-
straints. A multidisciplinary team of national 

At 28 sites in Kafr EI-Sheikh and 18 sites in 

Minia provinces of Egypt, on-farm trials were 
carried out to test the recommended levels of 

plant population, fertilizer, weed control, ir

rigation, and disease control. A set of factors 
was evaltated in different trials depending on 
the special agronomic needs of different areas of 

faba bean production. 

The recommended package of plant popula

tion and fertilizer showed a significant increase 
in seed yield at several sites. Averaged over 
cotton-faba bean and corn-faba bean rotations, 
increases with the impro%'ed package were of 
480 kg seed and 820. kg straw/ha. In another 
trial in a rice-faba bean rotation, the average 
improvement in seed and straw yield with the 
recommended package was 660 kg and 1210 
kg/ha under tilled conditions in contrast to 430 
kg and 1170 kg, respectively, under untilled 
conditions. 

Use of Igran to control weeds increased yield. 
On an average of four trials in cotton and eight 
trials in rice rotations, the increase in yield with 
Igran was 240 kg seed and , kg straw/ha. 
Ronilan fungicide to control Botrylis Jabae in 
the on-farm trials in Kafr EI-Sheikh increased 
seed yield by 230 kg/ha under the tilled system 
and by 330 kg/ha under the zero-tillage system. 
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Economic analysis of the on-farm trial results farmers') of each of seed rate, planting method, 

was also carried out. In most of the trials the and weed control was evaluated in the Aliab 

recommended package gave a higher net benefit and Shendi areas, using seven and six sites, 

than the farmers' practices and the increase respectively, in researcher-managed trials. At 

ranged from Egyptian Lira 18.9 to 207.8/ha. Aliab, significantly higher yield was obtained 

Recommended levels of seed and fertilizer rates with the combination of the recommeded levels 

combined had the highest contribution in of planting and weed control and farmers' level 

Samalot and Kafr El-Sheikh districts. This was of seed rate. At Shendi the effect was non

followed by weed control in Motobus and significant. 

Samalot districts. 

Back-Up Research in Egypt and Sudan 
On-Farm Trials in Sudan 

Back-up research was carried out in 10 

Both farmer-managed and researcher-managed disciplines in Egypt and 11 in Sudan. Most of 

on-farm trials were conducted in the irrigation the studies were carried out at research stations. 

schemes of Aliab, Selaim, and Zeidab areas in Emphasis in the back-up research in Sudan wvas 

northern Sudan. Significant increase in yield on the development of agronomic practices and 

and economic returns was obtained in farmer- identification of suitable genotypes of faba bean 

managed trials (Table 52) in which planting for expan;ion of faba bean cultivation to non

date, irrigation, insect control, and weed con- traditional areas south of Khartoum. Also, 

trol at the recommeded level were compared studies were carried out on different aspects of 

with farmers' practice. Effect of factorial corn- improvement of lentils with emphasis on pro

bination of two levels (recommended and duction practices. 

Table 52. Grain yield (kglha) and economic returns from recommgnded (R) vs farmers' (F) level of management of date of 

planting, irrigation, and insect and weed control in farmer-managed trials in three irrigation schemes in Sudan, 1982183. 

Seed Economic 

No. of yield returns 1 

Location trials Treatments (kg/ha) (SL/ha) 

2831 1229 ± 344 
F 2316 1054 ± 223 

R-F ,515 175 ± 217 

Aliab 7 R 


SE ± 116 

Zeidab 6 R 3583 1846 ± 518
 
F 2464 1314 ± 515
 

R-F 1119 532 ± 267
 

SE + 1,13 

Selaim 4 R 3439 1942 ± 55
 
F 2875 1694 ± 187
 

R-F 564 249 ± 163
 

SE ± 142 

1. SLI = 0.78US$ 
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ICARDA/Tunisia Cooperative
Project 

In this cooperative project between ICARDA 
and the Institut National de la Recherche 
Agronomique de Tunisie (INRAT), a food 
legume breeder from ICARDA and a Tunisian 
legume scientist worked together to identify 
superior genotypes and production techniques 
for all three food legumes. 

Faba Bean Improvement 

Aside from the disease nurseries, in which very 
little disease development occurred, the pro-
gram carried out the testing of 46 advanced 
breeding lines and 23 F3 populations in 
ICARDA-derived international yield trials, and 
66 entries in advanced and preliminary yield 
trials. Within the ICARDA-derived trials only 
six small-seeded lines at one of three test loca-

tions significantly outyielded the local check 
(Table 53). In the AYTs and rYTs only one 
large-seeded entry at one of the two test loca
tions showed P significant improvement over 
the check (Thble 53). 

The above results are some improvement on 
those of 1981/82, in which no entry significantly 
exceeded the local check, but the performance 
of the F3 populations was particularly disap
pointing in 1982/83. The aim of these F3 
population trials is to supply a pool of genetic 
variation for selection under local conditions, 
but their usefulness was limited as not only did 
none significantly outyield ihe local check at 
three locations but many were considerably 
poorer yielding. Both seasons have involved the 
testing of either genetic material selected at 
ICARDA for inclusion in international yield 
trials or imported cultivars from Europe. The 
failure of this strategy to produce significant 
and consistent yield improvements suggests that 
faba beap -enotypes/cultivars exhibit a limited 

Table 53. Seed yield (SY) in kg/ha and as percent of local check of superior yielding faba bean entries in international (IYT), 
preliminary (PYT), and advanced (AYT) yield trials, in Tunisia, 1982/83. 

Location 

Beja El Kef Mateur Mean 

Trial 	 Entry SY % SY % SY % SY % 

ILB 1217 2269 152 2509 135 2700 103 2493 125 
ILB 1820 2144 144 2400 129 1931 73 2158 108 
ILB 146 2800 187 2228 120 2038 77 2355 118 
ILB 1816 2244 150 2412 130 2788 106 2481 124 

IYT 	 ILB 407 2325 156 2400 129 1094 42 1940 97 
ILB 5 2138 143 2175 117 2106 80 2140 107 
Tunisian local 1494 100 1862 100 2631 100 1996 100 
SE ± 203.9 133.8 292.1 
CV (%) 20.5 12.2 18.7 

ILB 398 2531 138 2012 101 	 2272 108
 
AYT Tunisian local 1840 100 2000 100 1920 100 
and SE ± 241.5 174.1 
PYT CV (%) 26.6 20.5 

Values italic.zed significantly exceeded the local check. 
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adaptation. To overcome this, the future 
breeding strategy must involve the testing and 
selection under local environmental conditions 
of a wide range of early-generation breeding 
lines and populations, and of material contain-
ed in ICARDA's germplasm collection. 

However, yield improvements per se will be 
of little value if not combined with 
resistance/tolerance to the commonly occurring 
diseases. Thus, in the future, disease screening 
work will receive greater emphasis. 

Chickpea Improvement 

.Although ICARDA's work in Syria and 
neighboring countries has shown that winter 
planting of chickpeas can produce large yield 
increases over spring planting, this was not 
evident in Tunisia last season owing to the con-
founding effect of diseases. However, in 
1982/83, at one location (El Kef) where diseases 
were not a problem, an agronomic trial, com-
paring winter and spring sowing of three 
genotypes, showed that winter sowing gave 
91 % yield advantage over spring sowing. 

However, ascochyta blight resistant genotypes 
are a prerequi"ite for successful winter planting, 
but in 1982/83 the nearly complete absence of 
naturally occurring blight precluded any 
screening for.- resistance, both in disease 
nurseries and winter-planted yield trials. 

The only significant improvement in seed 
yield over the local check in winter-planted 
trials occurred in one of the two F3 population 
trials (A and B). In trial B, 14 of 15 test entries 
significantly outyielded the check at El Kef, 
whereas only one did so at Beja; yield data for 
the six highest yielding entries across locations is 
given in Table 54. In two other international 
and one advanced yield trial one entry 
significantly exceeded the local check, but 
several outyielded the check at more than one 
location, and the performance of five highest 
yielders across locations is given in Table 55. 
Further testing of the superior entries and 
populations is required. 

Mild to severe symptoms of wilt caused by 
Fusarium spp. are commonly observed in 
farmers' fields, and this pathogen is considered 
to be as big a costxaint to increasing chickpea 

Table 54. Seed yield (SY) inkg/ha and as percent of local check of superior yielding F3 populations of chickpea in the F3 
pepulation trial B in Tunisia, 1982/83. 

Location 

El Kef MeanEntry Beja 

F3 population SY % SY % SY %
 

X 81 TH 29 1550 132 1859 149 1705 141
 
X 81 TH 48 1763 150 1954 157 1859 154
 
X 81 TH 171 1563 133 1563 125 1563 129
 
X 81 TH 203 1200 102 2111 169 1656 136
 
X 81 TH 123 1288 110 1796 144 1542 127
 
X 81 TH 190 1075 91 2025 163 1550 128
 
Tunisian local '1175 200 1246 100 1211 100
 

SE ± 188.3 162.8 
CV (%) 23.3 14.9 

Values italicized significantly exceeded the local check. 
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*Table 55. Seed yield (SY) in kg/ha and as percent of local check of superior yielding chickpea entries in an international yield 
trial in Tunisia, 1982/83. 

Location 

Beja 

Entry SY % 

ILC 195 1965 115 
ILC 482 1850 108 
ILC 484 2215 129 
FLIP 81-41W 2253 132 
FLIP 81-56W 2203 129 
Tunisian local 1713 100 

SE ± 195.0 
CV (%) 20.3 

production as ascochyta blight. It was therefore 
encouraging that in two spring-planted inter-
national yield trials at Beja, where the land is 
heavily infested with wilt, there were six entries 
which showed a significant improvement over 
the local check for both Fusarium spp. 
resistance (1 to 9 scale; I = resistant, 
9 = complete kill), and seed yield (Table 56). 
However, the significant yield advantage of 
these entries was not maintained at other loca
tions where Fusarium spp. symptoms were not 
evident, 

Of particular interest were the two entries, 
ILC 136 and ILC 237 (Table 56). In wilt-
infested land at Beja, ILC 136 outyielded the 
local check in 1981/82 by 89% and in 1982/83 
by 154 %, and had a 100-seed weight of 60.2 g, 
which was 38 % heavier than that for the Tuni-
sian cultivar Amdoun (which was the local 
check in the trials). Much of the material 
derived from ICARDA's crossing program, and 
tested in international trials and nurseries, is too 
small seeded to meet consumer preference in 
Tunisia. Thus, this genotype could be par-
ticularly useful as a source of wilt resistance and 
increased seed size. 

El Kef Mean 

SY % SY % 

2133 134 2049 125 
2506 160 2178 133
 
2199 141 2207 135 
2048 131 2151 131 
2365 151 2284 139 
1563 100 1638 100 
207.8 
20.1 

The longer-term aim is to breed a cultivar 
combining resistance to ascochyta blight and 
Fusarium spp. wilt. The entry ILC 237 was a 
parent of one of the populations in the F3 
population trial A, the other parent being an 
ascochyta-resistant type. There is thus the 
possibility of selecting within this population 
plants combining the two types of resistance, 
and a start will be made in 1983/84. 

It was also encouraging to note that progLnies 
from single plants that were selected in 1981/82 
for resistance to Fusarium spp. wilt within a 
population of the local cultivar Amdoun, 
maintained a high level of resistance in 1982/83 
in a wilt-sick plot. These progenies can 
therefore be considered as a source of material 
that could provide a future replacement for the 
local cultivar. 

Lentil Improvement 

In last season's trials, 21 % of the entries tested 
in international yield trials showed considerable 
and significant yield increases over the local 
check. This was somewhat unexpected as lentils 
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are generally considered to have a relstively 
narrow adaptation, but the 1982/83 results have
amplified those of the 1981/82 season. 

an international yield trial of 20 entries, 20 
and 14 entries significantly outyielded the local 
check at Beja and El Kef, respectively, although 
none did so at a third location. The seed yield of 
the five highest yielders across locations is 
shown in Table 57. Furthermore, in an ad

and a preliminary yield trial, nine en
tries showed a significant yield increase over the 
local check at one or more locations; the per
formance of the top five is shown in Table 58. 

Although quality considerations of seed size 
and color can eliminate some entries, it would 

clear that there is a range of genetic 
material that, after further testing, could be 
considered as a replacement for the existing
cultivar(s). Astart has also been made to try and 

the mechanical harvesting attributes of 
the crop by screening 60 entries which are tall 
enough to be harvested vith a cutter bar. The 
best of these will be tested in replicated yield 
trials in 1983/84. 

Performance Across Locations 

In the above data presented for the ICAR-
DA/INRAT cooperative projeet for the three 
crops, a number of entries did not show a con

-0sistent yield performance across locations in 
C relation to the local check. To investigate this 

01 further a combined analysis of variance across 
M -locations r. was undertaken on the seed yield of all 
A.- + 4- + entries in a number of trials of each crop. The 

- -~~- -a results of these analyses are summarized in 
• Table 59, which shows the number of trials for 

W each crop that attained a particular level of 
- c', probability (P) for the interaction mean square 

.,2-1 (entry xlocation). 
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Table 57. Seed yield (SY) in kg/ha and as percent of local check of superior yielding lentil entries in a large-seeded interna
tional yield trial in Tunisia, 1982183. 

Location 

Beja El Kef Mateur Mean 

Entry SY % SY % SY % SY % 

ILL 8 1449 129 1363 120 2917 285 1910 197 
ILL 20 1625 216 1388 123 2883 281 1965 202 
ILL 193 1449 192 1280 113 3000 293 1910 197 
!LL4523 1400 186 1483 131 2917 285 1933 199 
ILL 4606 1500 199 1671 147 2525 246 1899 196 
Tunisian local 754 100 1133 100 1025 100 971 100 

SE ± 65.5 138.1 357.8 
CV (%) 8.1 17.3 28.1 

Values italicized significantly exceeded the local check. 

Table 58. Seed yield (SY) in kg/ha and as percent of the local check of superior yielding genotypes in a preliminary yield trial 
in Tunisic, 1982/83. 

Location 

Beja El Kef Mean 

Entry SY % SY % SY % 

ILL 241 2311 155 1249 115 1780 138 
ILL 346 2400 161 1371 126 1886 146 
X 75TA 49 2128 143 1304 120 1716 133 
ILL 857 2166 146 1443 133 1805 140 
ILL 7 2211 149 1455 134 1833 142 
Tunisian local' 1487 100 1088 100 1288 100 

SE ± 140.5 103.4 
CV (%) 13.4 14.1 

Values italicized significantly exceeded the local check. 
1. Mean of four different local checks. 

Table 59. Number of trials of each crop that attained a 
particular level of probability for the interaction mean The results must be treated with some caution 
square in an analysis of variance for seed yield, 192/83.___________________________________ as in some cases the error variances did differ 
Probability level Crop markedly between locations. However, on the 
mean square Faba bean Chickpea Lentil assumption that an interaction has some prac
mean__square ______bean__ Chickpea_ Lentil_ tical significance at P < 0.10, the analysis sug
>0.10 3 4 1 gests that genotypes of both faha beans and 'en
< 0.10 ->0.05 2 tils are more likely to exhibit a varied perfor
<0.05 ->0.01 
< 0.01 ->0.001 1 mance across locations than those of chickpeas. 
< 0.001 2 1 2 Although more such analyses are required, the 
Total number of 8 5 3 results reinforce the need to ensure adequate 
trials analyzed multilocation testing of breeding material. 
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ICARDA/ARC (Syria) Coop-
Project

erative P(1): 

During the 1982/83 season, 70 trials on different 
aspects of improvement of faba beans, lentils, 
and kabuli chickpeas were conducted in this 
cooperative project between ICARDA and the 
Agricultural Research Centre (ARC) of the 
Syrian Ministry of Agriculture and Agrarian 
Rceform. In addition to the joint experiments 
conducted on research stations of the ARC in 
different agroecological regions in Syria, on-
farm triIs were also jointly conducted on 
winter sowing of chickpeas with ascochyta 
blight resistant/tolerant cultivars and on pro-
mising genotypes of lentils. Results of these ex
periments were jointly evaluated in the 
Research Coordination Meeting held at 
ICARDA, 3-6 Sept 1983. A program of col-
laborative reseach for the 1983/84 season was 
also developed. It is hoped that this col-(iprs) 

laborative project will help expedite the iden

tification of superior genotypes and production 
technology for Syrian farmers. 
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Pasture and Forage Crops
 
Improvement
 

Introduction 	 The Program's objectives are to increase the availability of 
pastures and forages to livestock, and, through the use of 
adapted legumes, improve soil fertility and ultimately yields of 
cereals. Its activities have been grouped into four projects: (1) 
annual forages to replace fallows, (2) annual pastures to replace 
fallows, (3) improvement of marginal lands, and (4) evaluation 
of genetic resources. Results from the genetic resources project 
are reported with the other three projects. 

Forages are defined as annually resown crops for hay or graz
ing, and pastures as self-regenerating communities used 
primarily for grazing. 

The research focus is on utilizing land which would otherwise 
be fallow. The fallows leave half of many farms idle each year. 
Even if farmers grow cereals every year, yields decline. One of 
the ways to avoid the decline in cereal yield, and at the same 
time using the entire farm, is to grow annual forage crops or 
pastures. Indeed, if this is done, cereal yields may ultimately 
increase, as the crop will utilize the increased soil fertility 
resulting from fixation of atmospheric nitrogen by the legume 
forages or pastures. 

' ,'O Improving the productivity of marginal lands can result in 
substantial economic benefits. ICARDA has defined marginal 
lands under two categories: those within the cereal zone, un
suitable for cultivation; and those between the cereal zone and 
the dry steppe. In both cases, the marginal lands are often 
degraded through overstocking and soil erosion. Their im
provement involves finding solutions to many technical and 

as methods to control soil erosion, iden-Medicago rigidula. a wild species, has been social problems, such 
identified as an annual pasture legume tification and introduction of adapted plants, formulation of 
adapted to the soil and climate of northern suitable grazing systems, and acceptance of better management 
Syria. by village communitiqs. 
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The Program's major achievement to date has 
been the identification of Medicago rigidula as 
an annual pasture legume adapted to the soil 
and climate of northern Syria. M. rigidula is a 
species not previously used in commercial 
agriculture. Its important attributes include its 
ability to survive cold winters, form nodules in 
conditions in which commercial medics fail to 
nodulate, and produce large herbage yields. 
The Program has also extensively developed 
hay-producing systems using local pea and 
vetch cultivars, an(; has identified and defined 
the importance of several diseases affecting both 
forage and pasture legumes. 

In 1982/83 the Program suffered a shortage of 
staff severely limiting its activities, especially in 
the marginal lands project. However, the staff 
position will improve in the coming year and it 
is hoped to greatly increase research. The mainexperiments in 1982/83 were in the annual 

forage project where both pea and vetch selec-

tion projects were continued; the effect of graz

ing on hay yield was measured; the effect of 
time of cutting on yield, quality, and voluntary 
feed intake of hay was studied; and work on 
the effect of seed rate, and ratio of legume to 
cereal, on hay quality and yield proceeded. 
Important collaborative work with the national 
program in Syria was continued, 

Selection in M. rigidula continued and, for 
the first time, large amounts of seed were pro-
duced, in four genotypes, more than 100 kg. 
Important experience in harvesting pasture seed 
was obtained, and it is hoped to produce even 
more seed of M. rigidula and other species in 
future. As a result of last year's harvest relative-
ly large areas of pasture can be sown which will 
facilitate the study of grazing management of 
annual pastures and the integration of livestock 
into pasture farming systems. 

Project I: Annual Forages 
to Replace Fallow 
Provision of adequate feed supplies for the 
rapidly growing livestock population is essential 
in ICARDA region. Earlier, natural rangelands 
provided almost the entire feed for animals, but 
overgrazing of those lands during the last two 
decades has made them severely degraded, 
leading to feed shortages. 

Feed shortages are acute especially during 
late summer and early winter. The shortages 
can be alleviated by growing suitable forages on 
existing fallows (over 40 million hectares in
ICARDA region) in rotation with cereal crops. 
The forages can be grazed during winter or 
harvested for hay in spring to extend the feed 
supply. Annual legumes (vetch and peas) grown 
in mixture with forage cereals (barley, triticale,and oats) offer good prospects for the produe
tion of good quality hay. 

Evaluation of Forage Legumes 

Extensive selection of two forage legumes, Vicia 
sativa (vetch) and Pisum sativum (pea), was 
carried out for early maturity, large dry-matter 
production, and large seed yield. Potentially 
productive lines were planted in 24 m2 plots in 
triple lattice design, at a sowing rate of 80 kg
seed/ha and with 40 kg P20 5/ha. The ex
periments were duplicated: in one set, dry mat
ter was measured; in the other, seed was 
harvested. The whole plots were harvested in 
both cases. 

In vetch, the check had the highest yield of 
both dry matter and seed; the dry-matter yield 
was not significantly greater than that of the 
next four best lines, but the seed yield was 
significantly larger than all but one of the other 
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lines (Table 1). Seed and dry-matter yields were 5000 

closely related (r =0.79, P<0.01), indicating 4800

that the two parameters were constrained by 4600
the same variables. That the limitation was 4 0
associated with the onset of summer drought 

4200
was indicated by the close relationship of dry 
matter and 100% flowering (r = -0.64, P cc

E 
4000 

<0.05, Fig. 1), and seed yield and 100% 3800

flowering (r = -0.79, P <0.05). The large 3600
production of the local check was thus due to its 3400 
early maturity. The results indicate a clear need 
to search for earlier maturing lines originating 3200

from within the ICARDA region. 
128 130 132 134 136 138 140 142 144 146 148 150 

on the dry- Days to 100%floweringDate of maturity had less effect 
matter and seed yields of peas. Although late
maturing lines had low seed yields,5 early- Fig. 1.Relationship between dry matter and days to 100%
 

maturing lines did not necessarily yield well. flowering, vetch advanced trials at Tel Hadya, 1982/83.
 

Dry matter was not related to date of maturity.
 
Evidently the constraints to pea yield were not (Table 2). Peas generally had lower dry-matter 
associated with the onset ot .ummer drought. and seed yields than vetch (3200 vs 4200 kg/ha 

and 900 vs 2500 kg/ha, respectively). But such 
Several pea lines were as good as the local differences do not persist throughout the region 

check, though none was significantly better as discussed in this report later. 

Table 1. Dry matter (DM) and seed yield of selected lines of vetch in the advanced yield trial at Tel Hadya, 1982/83. 

Selection Dry matter Seed yield 
Origin No. kg/ha Rank % control kg/ha Rank % control 

Syria Check (2541) 4817 1 100 4284 1 100 
Italy 2083 4482 2 93 2757 3 64.3 
Turkey 1136 4405 3 91.4 2079 10 48.5 
DDR 2019 4246 4 88.1 2559 5 59.7 
DDR 2062 4236 5 87.9 3711 2 86.6 
Turkey 845 4201 6 87.2 2547 6 59.4 
Turkey 2057 4169 7 86.5 2195 8 51.2 
Italy 2109 4124 8 85.6 2202 7 51.4 
Italy 2086 4057 9 84.2 2566 4 59.8 
Italy 2106 3955 t. 10 82.1 2162 9 50.4 
Italy 2108 3811 11 79.1 1902 11 44.3 
DDR 2096 3251 12 67.4, 1210 12 28.2 

LSD (5%) 640.6 617.7 
SE+ 378 364 
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4Y 

-4'4 

.h ,
 

.d 

Selection of peas in microplots. 

Table 2. Dry-matter (DM) and seed yield of selected lines of peas in the advanced yield trial at Tel Hadya, 1982/83. 

Origin 
Selection 

No. kg/ha 
Dry-matter yield 

Rank % control kg/ha 
Seed yield 

Rank % control 

Syria 175 3953 1 104 819 7 54.3 
Italy 446 3814 2 101 1045 4 69.3 
Syria Check 3766 3 100 1507 2 100 
Italy 493 3676 4 97.6 699 8 46.3 
Italy 496 3572 5 94.8 1586 1 105 
Afghanistan 92 3284 6 87.2 697 9 46.2 
Afghanistan 61 3209 7 85.2 641 11 42.5 
Italy 469 3197 8 84.8 575 12 38.1 
Italy 466 2972 9 78.9 648 10 42.9 
Italy 454 2918 10 77.4 827 6 54.8 
Italy 440 2391 11 63.4 567 13 37.6 
Canada 166 2389 12 63.4 929 5 61.6 
Canada 100 2244 13 59.5 1203 3 79.8 

LSD (5%) 1152 469 
SE ± 683 278 



Agronomy of Forage Crops 

The objectives of agronomy research during 
1982/83 were to (1) investigate the possibility of 
using forage mixtures for grazing during winter, 
to be followed by hay making at the end of the 
season, (2) define optimum time for harvesting 
forage mixtures for hay, in relation to yield, 
quality, voluntary feed intake by sheep, and in 
vivo digestibility, (3) validate the previous 
results by again investigating the effect of seed 
rate and seed ratios on yield and quality of dif-
ferent forage mixtures, and (4) investigate, in 
collaboration with Syrian national programs, 
using multilocation trials, the potential of dif-
ferent forage crops for hay production. 

Forage Mixtures for Grazing and Hay 
Making 

In previous studies six lines of forage barley and 

four lines of forage triticale were identified for 
their ability to regrow after cutting. In 1982/83 
these lines were planted in mixtures (60:40) 
with one line of vetch and one of pea. Separate 
but adjacent trials were established for 
barley/vetch and barley/pea, while 
triticale/vetch and triticale/pea were included 
in a third trial. The mixtures were sown at 10 
kg/ha in November and fertilized with 40 xg 
P2 0/ha in the form of triple superphosphate. 
Half of the area of each trial was grazed to 
ground level by sheep in Feb 1983 when plants 
were 15-20 cm high. Measurements included 
percent forage composition (by hand separa-
tion), dry matter consumed by grazing animals 
(the difference in herbage before and after 
grazing), total dry-matter (DM), crude protein 
(CP), and digestible dry-matter (DDM) yields. 

The type of legume affected the grazing pat-
tern of forage mixtures early in the season. 
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Although the dry-matter consumption by 
animals from barley/vetch and barley/pea was 
approximately the same (310 and 333 kg/ha, 
respectively), animals preferred vetch (24% of 
the total feed consumed) to pea (10%) (Table 
3). Similarly, grazing of triticale/vetch and 
triticale/pea showed a higher percentage of 
vetch (23%) in the dry matter consumed than 
pea (17%). In all cases the cereal (barley or 
triticale) constituted the remainder. 

Table 3. Dry-matter and percent composition of 
barley/legume and triticale/legume forage mixtures con
sumed by grazing animals at Tel Hadya, early winter 1983. 

DNI 
consumed Legume Cereal 

Forage mixtures (kg/ha. (%) (%) 

Barley/vetch 310 24 76 
Barley/pea 332 10 90 
Triticale/vetch 288 23 77 
Triticale/pea 299 17 83 

Values represent means for six lines of barley or four lines of 

triticale. 

In barley/pea and barley/vetch, the legume 
contents of grazed treatments at the time of 
harvest were, respectively, 44 and 18% higher 
than ungrazed treatments (Table 1). The DM, 
total CP, and total DDM yields at the end of the 
season were reduced by grazing by 2i, 0.5, and 
20%, respectively, in pea mixtures, and by 35, 
27, and 29% in vetch mixtures. There were no 
significant differences in total DM, total CP, 
and total DDM for barley/pea after grazing, 
while there were significant reductions in total 
DM and DDM in barley/vetch (Table 5). There 
were only small differences between cereal 
lines, so the results are presented as averages of 
all lines of each cereal species. 

In the triticale mixtures, vetch resulted in 
higher values of percent legume, total CP, and 
total DDM of hay than pea. But although 
higher overall, vetch appeared to be more af
fected by grazing: dry matter, CP, and total 
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DDM of vetch 	were reduced by 25, 21, and 
4 CO22%, respectively, compared with 17, 11, and 

C9 N N13% for pea (Table 4). However, apart from 
total DM, differences associated with grazing 

2were 	 not significant (Table 5). 

2 The results from this study suggest that 
barley/pea or triticale/pea mixtures are suitable 

t for a combination of early grazing and hay 
C 	 making. 

•.2 , 	 Effects of Seed Ratios on Yild and 
0. 	 Forage Quality 
2 M 	 Leo Il 00 

in MIThe objective of this study was to define op
timum management for maximum hay produc

-V tion and forage quality in legume/cereal mix
*l 	 i..-, tures. The results of earlier seasons indicated 

.4'4 
cCo M N that high seed rates (160-180 kg/ha) produced 

0 larger hay yields, and that the use of vetch or 

all pea at low proportion (20-40%) resulted in 
• 	 C. W * significant forage quality improvement without 

H IMsubstantial reduction in yield.mT
 
cc' 

2In 1982/83, six forage mixtures (vetch/barlev, 
4' "pea/barley, vetch/triticale, pea/triticale, vet

- ch/oats, and pea/oats) were sown at three seed 
. ,"rates (120, 160, and 200 kg/ha) and five 

- legume/cereal seed ratios (0:100, 33:66, 50:50, 

66:33, and 100:0). 

D0 N 0 0 A split-plot design was used with seed rates as 
i=" main plots and seed ratios as subplots, with 

0E2Z three replicates. Fertilizer was applied in the 
form of triple superphosphate at 40 kg P 0/ha. 

o~ 	 50 

- . Plots. were harvested when the legumes 
.2 = "reached 100% flowering. Samples from each 

2.	 treatment were separated into their components
*• 'and 	 oven dried (70'C). Subsamples of oven-

W W F 	 dried material were used for Kjeldahl N analysis 
and for in vitro digestibility. 
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Table 5. Effects of winter grazing on total DM, total CP, and total DDM yields (kg/ha) of barleyllegume and triticale/legume 
forage mixtures at Tel Hadya, 1983. 

Barley/pea Barley/vetch Triticale/legume1 

Treatment DM CP TDDM DM CP TDDM DM CP TDDM 

Grazed 2 3850 476 2284 2960 415 1775 3794 476 2665
 
Ungrazed 4459 408 2562 4085 473 2156 4435 495 2954
 

LSD (5'7-) NS NS NS 1145.3 NS 172.9 590.7 NS NS
 

1. Values represent mean for triticale/vetch and triticale/pea in the same trial. 

2. Values include amounts consumed by grazing animals. 

In all mixtures, DM was increased with seed 
rate but differences were not statistically 
significant. Further, in all mixtures except 
pea/triticale, DM production was greater than 
that of the legume or cereal component grown 
alone (Fig. 2). The differences were statistically 
significant in vetch/barley and pea/barley. 
Contrary to the results of previous seasons, 
yields in 1982/83 improved with a higher pro
portion of legume in the mixture. At all seed 
ratios, the yield of cereal was larger in mixtures 
containing pea than in those containing vetch. 
This was probably due to more nitrogen being 
fixed by peas and hence less competition for soil 
nitrogen with the comrpanion cereal. 

were 

pared for four of the six mixtures (Fig. 3). Both 
as the legume proportion was in-

Crude protein and DDM yields com-

increased 
creased. Pea mixtures had lower DDM yields 
than vetch mixtures, due to the lowerdigestibility of peas. 

Hay Yield and Quality in Relation to 
Time of Cutting 

The success of introducing the annual forage 
crops depends partly upon the economic value 
of the forage crop either for grazing or for hay. 
The economics of hay making in turn depends 

upon yields, harvesting losses, nutritive value of 
hay, and its suitability as an alternative to straw 
and concentrates. 

We investigated the optimum stage for 
harvesting forage mixtures in relation to total 
yield, harvesting losses, quality, feed intake, 
and digestibility. 

Cereal/vetch mixtures (60:40) sown at 160 kg 
seed/ha with 40 kg P20 5/ha were harvested for 
hay on three dates related to vetch maturity. 
The nutritive value of hay was determined by 
feeding it to sheep in digestibility crates. During 
the first harvest, rain interrupted operations, 
providing an opportunity to compare the 

nutritive value of hay damaged and undamaged 

by rain. Regrowth after the first and second 
harvest was measured. 

Hay yields increased with crop maturity(Table 6), particularly with the mixture con
taining oats which matured later than barley or 
triticale. HJarvesting losses were proportionately 
smaller for all mixtures at the 100% flowering 
stage. At the 10% flowering stage, losses repre
sent unharvestable stubble, respiration losses 
during drying, and rain damage. At the full-pod 
stage, leaf shatter and pod loss mainly cause 
losses. In an on-farm situation grazing animals 
would be able to utilize a proportion of the 
stubblcs, fallen leaves, and pods. Substantial 



222 Pastureand ForageCrops Improvement 

......... Total yield 
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Legume/cereal seed ratios 

Fig. 2. Effects of seed ratios on total yield, yield of the cereal component, and yield of the legume component in cereal/legume 
mixtures at Tel Hadya, 1982/83. 

regrowth occurred only following early hay The effect of a single shower of rain (16.6
making. Its quality was only slightly less than mm) on the nutritive value of hay was slight
the original crop. (Table 7). Digestibility was lower but with all 

mixtures there was a small increase in
Reduction in digestible crude protein in the palatability. 

later maturing hays was asso-iated with higher 
proportion of cereal. The animals found mature The optimum stage of harvest of forage mix
triticale very unpalatable probably because of tures also depends upon the cereal component
the spiky awns on seed heads (Table 6). and the animal production objectives of the 
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Fig. 3. Total crude protein and digestible dry matter yields 
of four forage mixtures with different legurecteal ratios 
at Tel Hadya, 1983. 

farmer. With barley/vetch there was little to 

choose between early harvesting plus grazing
the regrowth and late harvesting in terms of 
total animal production potential. The late-

maturing oat mixture was best harvested at alater stage. Palatability of oaten hnay appears to 

increase with maturity. Triticale hay 
Palatability reduced with maturity; thus 
nutritive value is likely to be greatest prior to 
heading. 

Hays fed alone (except triticale/vetch 
harvested at full-pod stage) resulted in the tpro-
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duction of 0.75-1.25 kg milk/day from a 45 kg 
ewe. This illustrates the potential of hay making 
as a technique for conserving nutrients in a 
favorable year. Some caution in interpreting the 
results is necessary however, as hays made at 

Tel Hadya under adverse conditions in 1982 
only 0.51 kg digestible organic matter 

per kg dry matter, necessitating heavy concen

trate supplementation to meet the needs of lac
tating ewes. In these circumstances the 
economic value of hay making may be in doubt. 

Collaborative Research and 
Multilocation Testing 

Joint research activities between the Pasture 
and Forage Improvement Program and the 
Syrian Agricultural Research Council and 

Directorate, were continued through 
1982/83. A total of 37 trials were carried out at 
13 locations covering seven provinces. The trials
included multilocation testing for new lines of 

vetches and peas, comparative studies 
hay from different forage mixtures, 

rotation trials studying the impact of forage
on subsequent cereal crops, and on-farm 

trials in which forage crops were introduced to 
farmers. The details of these experiments are 
included in the second annual report of the pro
ject (in Arabic) entitled: Collaborative Research 

Projects Between ICARDA and the Syrian
Ministry of Agriculture 1982/83 (in press). Only 

few of the experiments are highlighted here. 

vetch lines and five pea lines were 
evaluated for DM yields at four locations 
(Qamishly, Hama, Salamieh, and Izraa). At 
each location, lines of each legume were planted 

inmixtures with cereals (barley or wheat) in 
randomized complete block design with three 
replicates. Phosphate fertilizer (40 kg P20 /ha) 
was applied at sowing. Observations were made 

http:0.75-1.25
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on rainfall, maximum and minimum yields were comparatively small at Qamishly, 
temperatures, crop establishment, frost ranging between 2000 and 2900 kg/ha. The line 

damage, and disease occurrence. The plots were 1361/1448, previously identified for its desirable 

harvested for hay when the legume component non-shattering characteristic, was comparable 

reached 100% flowering. Subsamples were in yield to the other high-yielding lines at all 

taken, weighed, oven-dried, and total DM sites. 
yielr's determined. 

The largest vetch dry-matter production was Pea yields were highest at Hama and Izraa 

at Hama (7000-8300 kg/ha) and Izraa (6000-9000 (Table 9). At Izraa, pea yields were generally 
kg/ha) where rainfall was also highest (Table 8). smaller than those of vetches, probably because 
Yields of 1300-2300 kg/ha were recorded at the of powdery mildew, which was more serious on 
driest site, Salamieh. Unlike previous years, peas. 

Table 8. Evaluation of selected lines of vetch in mixture with cereal' for hay prod.uction (kg/ha) at four locations, 1982183. 

Qamishly Ham:. Salamieh Izraa 
Rainfall 314.8 mm 372.4 mm 292.1 mm 366.5 mm 

Av. max. temp. 18.5 0C 19.1"C 18.7 0C 19.4 0C
 

Vetches Av. min. temp. 2.2°C -0.5 0C -1.70C -1.90C
 
Ace. No./Sel. No Av. temp. 10.4 0C 9.8 0C 8.5 0 C 8.8 0C
 

2/1134 2880 6989 1355 7J35 
7/1135 2501 8015 1899 6078
 

2541/Syria 2394 8316 1777 8849 
0709 2390 74,4 2268 9019
 

0715 2364 7062 1969 8319
 

1361/1448 2085 7334 1672 7543
 

LSD (5%) 1573.18 2672.01 1539.20 2363.40 

1. Wheat (Senator Capelly) was used in Hama and Qamishly while local barley was used in Salamieh and Izraa. 

Table 9. Evaluation of selected lines of peas in mixture with cereal' for hay production (kg/ha) at four locations, 1982/83. 

Peas
 
Ace. No./Sel. No Qamishly2 Hama Salamich Iraa
 

2903/325 3433 7804 1363 7204
 

205/Syria 3292 9327 1201 6442
 

3209/321 2393 9589 1824 5779
 
6273
32Gi/320 2372 8668 1811 


3207/319 2026 7334 1492 6141
 

LSD (5%) 1585.27 1599.74 510.3 NS 

1. Wheat (Senator Capelly) was used in Hama and Qamishly while local barley was used in Salamieh and Izraa. 

2. For climatic data see Table 8. 
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At Qamishly, mixtures of vetch and peas with 
triticale, oats, and wheat were compared at 
three seed rates (120, 160, and 200 kg/ha) and 
five seed ratios. The experiments were laid out 

asin a split-plot design with seed rates main 
plots and seed ratios as subplots. Phosphate fer
tilizer at 40 kg P205 /ha was applied at sowing in 
November. The experiment was similar to the 
seed ratio/seed rate experiment at Tel Hadya. 

In all six mixtures there were no significant 
differences between rates of seeding, con-
trasting with the effect of seed ratio, which was 
highly sig~aificant (Fig. 4). In vetch/triticale and 
vetch/oats mixtures, DM production was 
significantly larger than either the legume or 
cereal components grown as monocultures. In 
the v'etch/wheat mixture maximum yields were 
recorded at 50:50 and 66:33 ratios which were 
significantly larger than the vetch grown in 
pure stand. The results are strikingly similar to 
those at Tel Hadya, described earlier. 

6 0 0 0 6000 

5000 Pea/wheat
5000- Pea/oats 

" Pea/ o a t sv 


._o 

6 .... Pea/triticale2 .............. ...................../.... 
".\ '. 


.3000 

0 

pea/wheatS2000 

LSD 5% 
pea/oats1000 ~LSDL -
LSDa5% 

pea/triticale 
0 I- Ir I 

0:100 33:66 66:3350:50 100:0 

Pea yields in monocultures were less than half 
those of vetch. For this reason the effect of peas 
on the yield of mixtures was slight and there 
were no significant differences between mixture 
yields and pure cereal. 

The yields of both legumes at Qamishly were 
much less than those of cereals, possibly in
dicating the lack of suitably adapted rhizobia. 

Pathology 

Diseases of Forage Crops 

The quantitative survey of diseases in the 
region, which was started in Apr 1981 in Syria 
and Lebanon, was completed this season by 
covering Jordan, Morocco, and part of Tunisia. 
The survey was conducted in 63 locations (Jor
dan 13, Lebanon 2, Morocco 24, Syria 24) in 

- ve tc h/w he at 

e evetch/oats 

tch / tritic a le 

. 
, " "" \ 

LSD 5% ". 
vetch/wheat 

50%1 
vetch/oats 
LSD 5% 
vetch/triticale 

I I I I 

0:100 33:66 66:3350:50 100:0 

Legumeicereal seed ratios 

Fig. 4. Dry-matter yield of different legume/cereal mixtures as affected by seed ratios at Qamishly, 1982/83. 
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different agroecological zones. A list of diseases Table 10. Performance of promising lines of peas and vetches 
detected and their identified causal agents has against the major diseases in the region. 
been prepared, and is available from theandFoag IprveentPrgrm.Enry Ascochyta
Pasture and Forage Improvement Program. 

Major diseases of forage crops are ascochyta 

diseases (Ascochyta pisi, Mycosphaerella 
pinodes, Phoma medicaginis var pinodella), 
bacterial stem blight (Pseudornonaspisi), and 
powdery mildew (Erysiphe pisi) on peas; and 

downy mildew (Peronosporaviciae), ascochyta 
(Ascochyta sp.), and powdery mildew (E. pisi) 

were determined to 
vetches. These diseases 

be important on the basis of frequency of oc-
currence, prevalence, and time of first ap-

on 

pearance and consequent effect on herbage or 

seed production. Field assessments of crop loss 
were carried out to confirm the economic im-
portance of the major diseases. 

Screening for Disease Resistance 

As in the previous season, all breeding material 
(1890 genotypes) was screened under natural 
field infections. This preliminary screening aims 
to exclude highly susceptible and susceptible 
genotypes from the improvement programs. 

Promising lines were screened for resistance 
to the major diseases in the region, under 
natural high disease pressure in the coastal areas 
and under artificial epiphytotics at Tel Hadya. 
The results are summarized in Table 10. None 
of the pea selections proved resistant or tolerant 
to all diseases. Two selections, the local line and 
325, had some tolerance to Ascochyta sp., but 
they were susceptible or highly susceptible to 
bacterial blight and powdery mildew. In vetch, 
selections 1448, 715, 1134, local, and 709 
showed some tolerance to both downy mildew 
and Ascochyta sp. However, with the excep-

Entry blight 

Peas 

325 2.8 
local 3.1 
319 3.7 
321 3.7 
320 4.0 
(4 52)a 4.5 a(254)
(515)a 

Vetches 
1135 3.8 
1448 1.8
715 1.2 
1134 2.6 
local 2.6 
709 3.2 
(20 06)a 
(20 09)a 4.0 
(200 4)a 

Score: 1 = Resistant; 5 = 

Bacterial Powdery Downy 
blight mildew mildew 

3.7 5.0 
4.0 5.0 
4.2 4.0 
3.9 4.0 
4.2 5.0 

3.2 5.0 

4.7 1.0 
4.0 1.0
4.3 1.4 
4.3 2.6 
3.0 2.5 
3.7 3.0 

4.7 

4.7 

Highly susceptible.. 
a. Susceptible indicator lines. 

tion of the local line, all were susceptible or 
highly susceptible to powdery mildew. 

Powdery mildew. Powdery midew is one of the 
major diseases of peas, vetches, and annual 
medics in the region. The pathogen, Erysiphe 
pisi, is known to exist in three forms: f. sps pisi 
on Pisuinspp., f. sp. Vicia sativaeon Vicia spp., 
and f. sp. Medicaginissativaeon Medicago spp. 
No information is available on specialization of 
this pathogen or composition of the natural in
oculum at Tel Hadya. The pathogenicity test 
conducted in growth chambers with different 
sources of inocula (Table 11) showed that the 
pea pathogen attacked only peas, i.e., it is a 
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Table 11. Pathogenicity of powdery mildew (Erysiphepisi) 
on peas, vetches, and Medicago rigidula at Tel Hadya, 
1983. 

Inoculated Inoculum froih 
crop pea vetch M. rigidula 

Pea + - + + 
Vetch -+ + + + 
M. rigidula - - + + 

- no infection. 
+ positive infection.
 
+ + positive infection by repeated testing.
 

specialized form, confined to its host. The same 
result was obtained on vetches, but the powdery 
mildew isci ate from M. rigidula cross-infected 
all three h( its. 

Screening for resistance to powdery mildew 
in peas began in 1981/82 using field infections in 
the Jableh nursery. Of the 125 accessions tested, 
only 12 were resistant or tolerant. These 12 
lines, and 105 others, were tested in 1982/83 in 
growth chambers using inoculum from pea 
plants (Table 12). Three accessions, 49, 48, and 
93, were tolerant and three others, 91, 164, and 
30, were intermediate in their reaction to 
powdery mildew; the remaining 111 were 
susceptible or highly susceptible. A systematic 
screening of many more accessions is needed. 

Nutritive Value of Cereal and 
Legume Straws 

In semi-arid cropping areas straws are an im
portant component of sheep diets and their 

nutritive value will have significant conse
quences for livestock productivity. 

/ 

. 

Analyzing straw samples for their nutritive value. 

Within the drier parts of ICARDA region the 
most important straws for livestock feeding are 
of barley and lentils, followed by bread and 
durum wheat, chickpeas, and faba beans. The 
value of straw may even exceed the value of 
grain. 

Table 12. Reaction of 117 genotypes of several pea species to powdery mildew (Erysiphe pisi) in growth chambers, 1982/83. 

Score 

Species 1 2 3 4 5 Total 

P. sativum 0 3a 
3 b 13 77 96 

P. arvense 0 0 0 0 4 4 
Pisum spp. 0 0 0 4 13 17 

Total 0 3 3 17 94 117 

Score: 1 = Resistant: 5 = Highly susceptible. 
a. Genotypes: 49, 48, 93. 
b. Genotypes: 91, 164, 30. 
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Numerous factors affect quality including this preliminary adaptation trial, the accessions 
genotype, moisture, fertilizer, date of seeding, were visually scored for establishment, winter 
and method of harvesting. More than 1500 and spring growth, seedling vigor, leafiness, 
samples have been collected and are being growth habit, flowering date, and reaction to 
analyzed for their nutritive value. At the time of diseases. Nine species were screened; as in 
writing, the results were not available, earlier years, accessions of M. rigidulawere the 

most promising (Table 13). However, selections 
were made on considering that some other 

Biological Nitrogen Fixation species may be more productive than M. 
rigidula in other parts of Syria and in other 

The results of these studies, together with those countries in the region. 
on annual medics, are presented with the results 
of Project II below. As a result of previous screening in nursery 

rows, 64 accessions were tested for dry-matter 
yield and seed production in microplots. The 

Project II: Annual selections from seven different species were 
planted in microplots arranged in a cubic lattice 

Pastures to Replace Fallow design with six replicates, three for dry-matter 
determination and three for seed yield. 

Selection of Adapted Genotypes The best 25 lines from the 1981/82 microplots 
were tested in advanced yield plots arranged in 

A total of 169 annual medic (Medicago spp.) a triple lattice design with six replicates; three 
accessions were screened in nursery rows in a replicates were harvested for dry matter and 
cubic lattice design with three replications. In three for seed. The sowing rates for both sets of 

Table 13. Evaluation of medic observation rows at Tel fladya, 1982/83. 

Species 
No. of 

accessions 
No. 

selected 
Selections as % 
of each species 

Selection as % 
of total species 

Range and 
mean selection 

score of selccted 
accessions 1 

M. rigidula 
M. aculeata 
M. noeana 
M. rotata 
M. polymorpha 
M. truncatula 
M. constricta 
M. turbinata 
M. littoralts 

82 
13 

1 
16 

1 
26 
12 
12 
6 

41 
3 
1 
2 

2 
1 

50.6 
23.0 

100 
12.5 

16.6 
9.3 

19.9 
1.8 
0.6 
1.2 

1.2 
0.6 

3.3 - 4.7 
3.3 - 3.8 

3.8 
3.5 - 3.8 

3.5 - 4.3 
3.5 

Total 169 50 29.8 

Mean selection score of control 3.8 (M. rigidula). 
1. Selection score I = poor, 5 = very good. 
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trials were 15 kg/ha, and 40 kg P20 5/ha was ap- outstanding selections which combined large
plied during seed-bed preparation. Plot size was dry-matter and seed yields are shown in Table
24 m2 in the advanced yield test and 3.5 m2 in 15. Two M. rotata accessions are included in 
the microplots. this group. 

Results from the microplots indicate that The nine lines (and the control) with the best 
some accessions of M. rigidula, M. rotata, and combination of dry-matter and seed yields in
M. noeana produced large yields of both dry the advanced yield trial are shown in Table 16. 
matter and seed (Table 14). All other species As in earlier seasons M. rigidulaperformed best,
ranked lower than the control (M. rigidula). It but one line of M. noeana shows promise. M. 
seems that these other species are not adapted to noeana is a species whose natural distribution is
Tel Hadya; however, they may be adapted to restricted to parts of Iraq, northeastern Syria,
other sites in the region. M. truncatula (barrel and Turkey. Its success here is another
medic), from which the most widely adapted demonstration of the value of selections from 
Australian cultivars have been developed, con- local species compared with exotic cultivars. 
tinued to perform poorly at Tel Hadya. The 

Table 14. Dry-matter (DM) and seed yield of medic selections in microplots at Tel Hadya, 1982/83. 

No. of DM yield (kg/ha) Seed yield (kg/ha)Species accessions range of means range of means 
M. rigidula 30 861-4448 646- 1178
M. aculeata 10 184 - 503 475 - 1160
M. turbinata 11 156- 1026 204- 936
M. truncatula 6 221- 924 268- 615M. rotata 3 1107- 2792 
 1099- 1581

M. noeana 2 4311 -4428 915- 821M. blancheana 1 2091 922
Control (M. rigidula 1304) 1 1969 1019 

Table 15. Dry-matter and seed yields of the best five medic lines in the microplots at Tel Hadya, 1982/83. 

Species 
Selection 

No. kg/ha 
DM yield 

Rank %conirol kg/ha 
Seed yield 

Rank %control 
M. rigidula 
M. rigidula 
M. rigidula 
M. rotata 
M. rotata 
M. rigidula(check) 

2033 
2058 
2038 
2120 
2123 
1304 

3684 
2365 
2063 
2792 
2037 
1969 

5 
17 
22 
14 
23 
24 

187 
120 
105 
142 
104 
100 

1102 
1126 
1027 
1409 
1581 
1019 

8 
7 

15 
2 
1 

16 

108 
111 
101 
138 
155 
100 

Total No. of lines = 64. 
Number of selected lines = 5. 
SE of difference between DM crop means = 
SE of difference between seed yield means = 

+ 274.3. 
+ 105.3. 
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Table 16. Dry-matter and seed yield of high yielding medics from the advanced yield trial at Tel Hadya, 1982/83. 

Selection DM yield Seed yield 
Species No. kg/ha 

M. rigidula 1868 4062 
M. rigidula 1915 3917 
M. rigidula 1902 3712 
M. naeana 1938 3632 
M. rigidula 1900 3603 
M. rigidula 0213 3366 
M. rigidula 1569 3320 
M. rigidula 1865 3183 
M. rigidula 1851 3114 
M. rigidula 1304 2833 

(check)
 

Total No. of lines = 25. 
Number of selected lines = 9. 
SE of difference between DM crop means = + 382.31. 
SE of difference between seed yield means = ± 16.65. 

Medic Ecology 

The natural regeneration of medics after a crop 
year is critical to their success in cereal-medic 
rotations. Survival during the cropping phase 
depends on the ability of seeds to remain dor-
mant for a whole season before germinating. In 
medics this is achieved through seed coat im-
permeability - the ability of some seeds to resist 
imbibition of water in moist soil. Seed im-
permeability is both genetically and en-
vironmentally controlled. 

Ideally all seeds should Le impermeable at the 
end of the summer after they are produced, and 
most should become permeable by the end of 
the next summer. However, it is generally con-
sidered that if 70% remain impermeable after 
the first summer an adequate population of 
permeable seeds will be present after the second 
summer. A study was therefore initiated to in-
vestigate the seed coat permeability 
characteristics of selected lines of M. aculeata, 
M. truncatula, M. constricta, M. rigidula, and 
M. noeanaat Tel Hadya. 

Rank %control kg/ha Rank %control 

1 143 665 12 122 
2 138 571 18 104 
3 131 721 6 132 
4 128 680 9 125 
5 127 738 4 135 
6 119 717 7 131 
7 117 672 10 123 
8 112 672 11 123 
9 110 475 23 87 

10 100 541 20 100 

Random samples of medic pods from 97 
high-yielding accessions were collected from 
replicated experimental plots at monthly inter
vals from Aug to Dec 1982. The pods were 
placed on moist filter paper in petri dishes, and 
transferred to a refrigerator for 5 days at 5°C. 
The dishes were then transferred to a germina
tion cabinet at 20°C and after 10 days the 
percentage of seeds not germinated was 
calculated. 

Variation in seed permeability of M. 
aculeata, M. truncatula, M. constricta, M. 
rigidula, and M. noeana is shown in Table 17 
and the pattern of change in permeability in 
Fig. 5. Many genotypes of M. rigidula, two of 
M. cons.'frita, and one of M. truncatula could 
be selected oo the basis of 70% impermeability 
in December. Medicago aculeata, however, 
exhibited a high proportion of permeable seeds, 
only two accessions being between 60 and 70 %. 
It is possible that accessions of this species may 
be used for continuous grazing. 
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Table 17. Variability in the permeability of seeds in five 

species of annual medics at Tel Hadya, 1982. 

Hard seed Number of entries 

(%) A B C D E 

0-10 
11 -20 
21 -30 
31 -40 1 
41-50 2 
51-60
61-70 

2
2 

3 
2 

71-80 1 2 11 
81-90 39 1 
91-100 29 2 

Total 7 6 2 79 3 

A = M. uculeata. B = M. truncatula, C = M. constricta, 
D = M. rigidula,E = M. noeana. 

Medic Regeneration in a Two-Course 
Rotation 

The regeneration of four Australian medics 

(snail medic, Jemalong and Cyprus barrel 

medics, and Harbinger strand medic) and one 
subterranean clover (Clare), was evaluated 
during the third year of a two-course rotation at 
three locations in Syria: Hama (360 mm rain
fall), Qamishly (315 mm), and Salamieh (290 
mm). 

The trials were established in 1980/81 when 
the five legumes were sown in 100 m2 plots in 
randomized complete blocks with three 
replicates. Plots were sown during the second 
season with cereals (wheat at Hama and 
Qamishly, and barley at Salamieh). At the 
beginning of the third season, Nov 1982, the 
plots at all locations received shallow cultiva
tion and were fertilized with 40 kg P20 5/ha. 
Dry-matter and seed production were estimated 
by harvesting two quadrats of 1 m2 each in May 
and June, respectively. 

50

- -- M. aculeata 

....... M. truncatula '4 

......... M. constricta 

1.0- M. rigidula '4 

-- M. noeana 
/ 

30 . 
'4 

/ 

S / 
20 / 

" 

. 

10 • oo". 

A S O N 

1982 
Fig. 5. The relation between seed permeability and time of 
year in five species of annual medics at Tel Hadya, 1982. 

Snail and Jemalong were the most productive 
at all three locations (Table 18). However, dry

matter yields were small, especially from clover
(Clare), ranging between 80 and 1696 kg/ha, 
compared to 1200-1600 kg/ha in 1980/81. A 
similar reduction in seed yield was observed. 

Yield of M. rigidulaat Different Sites in 
Syria 

In collaboration with the Syrian Agricultural 
Research Council and Steppe Directorate, five 
entries of M. rigidula and M. truncatula cv 
Jemalong were evaluated for establishment and 
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Table 18. Third-year production of four Australian medics and one clover at three locations in Syria, 1982/83. 

Species/ 
Variety Qamishly 

DM production (kg/ha) 
Hama Salamieh Qamishly 

Seed production (kg/ha) 
Hama Salamieh 

Snail 
Jemalong 

715 
405 

1696 
1073 

837 
500 

62 
60 

210 
201 

173 
140 

Harbinger 340 719 345 11 117 64 
Cyprus 332 951 412 12 204 122 
Clover (Clare) 142 147 80 21 22 14 

LSD (5%) 146.6 378.6 124.2 8.9 86.0 46.6 

productivity at four locations in Syria: of M. rigidulawere much higher than Jemalong
Qamishly, Hama, Salamieh, and Izraa (370 at all locations except Izraa. The maximum seed 
mm rainfall) during 1982/83. Medic was sown yield of all medics was at Hama. 
at 15 kg/ha in plots 4.2 x 5 m in a randomized 
complete block design with three replicates. Agronomy Studies 
Fertilizer was applied at 40 kg P20 5/ha at the 
time of sowing. Previous studies by the Pasture and Forage 

Program focused on evaluation of both in-
All five M. rigidulalines outyielded Jemalong digenous species and commercial cultivars of 

at all locations except Izraa (Table 19). Best annual medic, with the objective of identifying
performances were recorded at Hama, with suitable pasture legumes and their introduction 
yields of over 6000 kg/ha. Similarly, seed yields to the existing cropping system of the region. 

Table 19. Evaluation of M. rigidulaand Jemalong (M. truncatula)at four sites in Syria, 1982/83. 

DM (kg/ha)
Ace. No./Sel. No. Qamishly Hama Salamieh Izraa 

835/1295 4671 6646 1686 2780 
1783/ 734 4450 
 6531 1705 
 2058
 
1075/1304 4343 6621 1071 1586 
281/1310 3957 5242 
 1533 1718
 
811/ 716 3268 
 6282 1717 4184
 

Jemalong 318 4465 780 2728 

LSD (5%) 1547.2 1124.1 984.1 1555.9 

Seed production (kg/ha)
835/1295 463 821 
 210 724
 

17831 734 415 
 674 277 
 495
 
1075/1304 591 940 
 277 878
 
281/1310 412 
 684 383 
 489
 
811/ 716 495 
 1083 330 775
 

Jemalong 68 501 133 681
 

LSD (5%) 187.5 358.1 139.8 325.8 
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Results from these studies have shown that 
the indigenous species of medic (M. rigidula,M. 
aculeata, and M. noeana) were outstanding in 
their herbage and seed yield performance. 

In our evaluation work, emphasis is now 
changing to management and technology 
needed to integrate medic pastures in a cereal-
pasture rotation that will ensure pasture 
regeneration in alternate years. 

Effect of a Barley Cover on Medic 
Pasture at Tel Hadya 

Cereal volunteers during winter on fallow land 
is a common feature "n the region, attributed to 
grain losses at the time of mechanical harvesting 
of the preceding cereal crop. Regenerating 
medic pasture during the fallow phase is 
therefore expected to interact with these 
volunteers. Apart from providing palatable 
grazing early in the season, iKis also expected 
that these -volunteerswill provide shelter against 
the co!d and theretorr improve medic 
est.blishment and pi-oductivity during winter, 

Two Aust'alian medics (Snail and Jemalcrng) 
and one local medic (M. rigidula) were planted 

at Tel Hadya on land which had been .-allowed 
for two consecutive years. The medics were 
sown at 20 kg seed/ha in pure stand and in mix
tures with low seed rates of barley (5, 10, and 20 
kg/ha), simulating different plant populations 
of cereal volunteers. The treatments were ar
ranged in a randomized complete block design 
with three replicates. The plots i-eceived 60 kg 
P0 05!ha at sowing in November. They were 
grazed by sheep in March when barley was at 
the tillcring stage (Lefore medic flowering). 
Measurements included forage composition (by 
hand separation), total DM productioa in 
March (before grazing), and yield of medic seed 
in May. 

Barley at 20 kg seed/ha significantly improv
ed forage yield eerly in the season especially 
with the Australian cultivars (Table 20). 
However, presence of the cereal at all seed rates 
resulted in less medic compared with the pure 
stand, Similarly, the presence of barley at all 
jeed rates reduced medic seed yields (Table 21). 

The poor seed yield of Australian cultivars 
was attributed to frost damage during winter 
which resulted in poor establishment. The data 
from this study suggest that the only advantage 
of growing cereal with medic is to provide 
grazing during the cold winter. 

Table 20. Total Iry-matter production (kg/ha) of ,,edic in pure stand and in mixtures with barley early in the season (Mar 
1983) at Tel Ha,.iym. 

Medic lines Pure stand + 5 kg cereal + 10 kg cereal + 20 kg cereal 

Medicago rigidula 192 160 (131)" 192 (131) 300 (163) 
M. truncatula 63 79 (47) 125 (54) 210 (57) 

cv. Jemaloig 
M. scutellata 72 70 (27) 52 (15) 222 (36) 

LSD (5%) between 2 means (not in parentheses) = 79 

a. Values in parentheses represent DM yield of medic component. 
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Table 21. Medic seed yield (kg/ha) grown in pure stand in mixtures with barley at Tel Hadya, 1982/83.
 

Medic lines Pure stand +5 kg cereal 4 10 kg cereal + 20 kg cereal
 

M. rigidula 636 
M. truncatula 48 

cv. Jemalong 
M. scutellata 45 

LSD (5%) - 110 

Effect of Phosphate on Medics 

The effect of phosphate on medics was studied 
at two locations: Tel Hadya (322 mm rainfall) 
and Breda (278 mm rainfall). 

Three medics, snail medic, Jemalong, barrel 
medic, and M. rigidula490/S994 were tested at 
Tel Hadya, and one, M. rigidula at Breda. At 
both sites three phosphate rates were used (0, 
40, and 80 kg P20 5/ha), and the experiments 
were laid out as randomized complete blocks 
with three replicates. The fertilizer was incor-
porated at the time of sowing in December. 

At Tel Hadya, phosphate at 40 kg P2O5/ha 
significantly improved the yield of M. rigidula 
(Table 22). The Australian medics were ap-
parently seriously affected by frost. Highest seed 
yield was recorded from M. rigidula. 

439 
25 

33 

311 
13 

15 

300 
23 

13 

At the relatively drier site (Breda), both dry

matter and seed yield of M. rigidulawere small 
compared with Tel Hadya and the fertilizer did 
not result in any significant improvement. 

Pathology 

The critieria used for sorting out major diseases 
of annual medics wore the same as those used 
for peas and vetches. Major diseases of medics in 
the region are: spring black stem and leaf spot 
(Phomamedicaginisvar medicaginis), powdery 
mildew (Erysiphepisi), and common leaf spot 
(Pseudopezizamedicaginis). 

Promising lines of M. rigidula were screened 
for resistance to these diseases (Table 23). 
Selections 1154, Jemalong, 716, 1304, and 1925 
were resistant or tolerant to all three diseases.. 

Table 22. Dry-matter and seed yields (kg/ha) of medic in relation to phosphate application at Tel Hadya, 1982/83. 

Crop 0 

M. rigidula 
M. truncatula 

cv. Jemalong 
M. scutellata 

2197 
269 

97 

LSD (5%) 

Dry matter 

Fertilizer rates (kg/ha) 


40 


2769 

292 


159 


260 


80 0 

2350 
375 

613 
88 

101 23 

Seed yield 
Fertilizer rates (kg/ha) 

40 80 

587 
73 

616 
98 

48 60 

109 
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Table 23. Response of promising lines of Aedicago rigidula From a comparison of the nitrogenase activi
to major diseases in the region (disease nurseries 1982/83). ty and plant growth of volunteer medics, it ap-

Spring black Common Powdery peared that nitrogen available from fixation had 
Entry stem leaf spot mildew little, if any, bearing on the plants' final dry 

matter. Indeed, maximum nitrogenase activity 

734 2.0 2.1 3.0 (0.52 pmol/ml/plant/hr) occurred when the 
1154 1.8 1.1 1.0 plants had reached approximately 4% of their 
716 2.5 1.5 1.9 mean maximum dry weight (1.59 g). 

1304 2.5 2.3 2.0
 
1310 4.0 3.3 2.7
 
1613 a 4.2 Tel Hadya
 
186 8a 3.8
 
1542a 2.9 - 0.7 --- Plant dry weight
 

Nitrogenase activity

Score: 1 Resistant; 5 = Highly susceptible. o. % 

a. Susceptible indicator lines. 0.6-

4 0.5-
Selection 1310 was susceptible to common leaf U . 
spot, spring black stem, and powdery mildew, E 

to 0red734 was highly susceptiblewhile selection 
powdery mildew but tolerant to common leaf 2 0- - Breda 
spot and spring black stem. 

0.2-

Biological Nitrogen Fixation 0.1-

Forage and pasture plants have different 0 .
 
causative microbes for nitrogen fixation- 8 12 16 20 8 12 16 20
 

Rhizobium leguminosarum for vetch and peas Time (weeks after 2Jan 19831 

and R. meliloti for medics. Of these only the 
former is present in the naturalized soil flora of Fig. 6. Comparison of mean nitrogenase activity (C2H2 
fallows in the region, the latter being not only reduction) and mean plant dry weight (medic) with time at 
absent but strains used for inoculation in Tel Hadya and Breda, 1982/83. 

1982/83 were found to be non-competitive with 
natural rhizobia populations. The result of this There was a location effect on the 
non-competitiveness is the rapid decline in plant/organism interaction (Fig. 6). At Tel 
number of R. meliloti to less than 25/g of soil in Hadya, peak nitrogenase activity occurred 10 
inoculated soils and their virtual absence in weeks after the start of sampling while at Breda 
non-inoculated soils. the peak was at 16 weeks. Although nitrogen

fixing activity is related to plant health and 
Medic was investigated in three trials: stage of maturity, the 6-week interval between 

volunteer medic growth at Tel Hadya; medic in peak activities, and their relationships to plant 
pure stands and mixed with barley at Tel dry weight values, indicate that the nitrogenase 
Hadya; and medic grown under a range of system was influenced by some unknown fac
phosphate regimes at Breda and Tel Hadya. tors. 



Fig. 7 compares the nitrogenase activity and 
plant dry weight accumulation under three 
phosphate regimes at Breda. Addition of 40 kg 
P20 5/ha was most beneficial to nitrogenase ac
tivity but 80 kg/ha produced the largest amount 
of dry matter. 

Nitrogenase ---- Plant dry
activity weight 

0.40 
S0.5sowingCa0.35 

0.30 

0 i0.25 

S 0.20 I.

0.15 
-6 

=. 0.05 ] 

C4CC4 C14 -C4 

Sample date 

Fig. 7. A comparison of mean nitrogenase activity (C2 H 
reduction) and mean plant dry .eight, with time, of a 
medic species treated with zero, 40, and 80 kg P20 5/ha at 
Breda, 1982/83. 

Mixing of medics with barley at barley seed 
rates greater than 5 kg/ha severely inhibited 
nitrogenase activity (Fig. 8). This inhibition 
however was not a result of inadequate nodula-
tion but of the inability of the medic to compete 
with barley at higher seed rates when the mix-
ture was not grazed. 

Improvement of MarginalLands 237 

Project III: Improvement 
of Marginal Lands 
As was mentioned earlier the marginal lands 
project was severely restricted by lack of staff. 
In fact only one experiment was completed in 
1982/83. 

Plants required to improve marginal lands 
will differ in one important respect from those 
required to create annual pastures in cereal 
rotations: they will form a permanent pasture 
and will need to regenerate in the year after 

instead of in alternate years. It is 
therefore 'likely that adapted genotypes will 
have more permeable seed coats than those 

adapted to cereal rotations. 

4i-

Efforts are heing made to introduce suitable pasture crop 
species to improve the productivity of marginal lands. 

Marginal lands are usually grazed heavily in 
spring, which is the critical time for seed set
ting. An experiment was therefore designed in 
which permeable-seeded medics received heavy 
simulated grazing on three occasions during 
spring: at 100% flowering, 100% podding, and 
maturity. Its objective was to measure the effect 
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Pure medic 5 kg barley/ha 10 kg barley/ha 20 kg barley/ha 
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Fig. 8. Mean C2 H2 reduction values of pure medic and of mixed barley/medic stands at Tel Hadya, 1982/83. 

of heavy grazing on the yield of herbage and At the beginning of the second season, Nov 
seed of medics potentially adapted to the 1982, the plots were fertilized with 40 kg 
marginal lands, and to study their regeneration P205/ha and plowed at shallow depth to incor
and persistence. porate the fertilizer. Each plot was then sub

divided into three equal subplots (I x 13 m) on 
Twenty-five permeable-seed medics (23 lines which the three clipping treatments were im

of M. rigidula and 2 lines of M. aculeata) were posed. At each stage the forage was cut at 5 cm 
sown in strips 1 x 39 m in 1981/82 at Tel above ground, using a reciprocating mower and 
Hadya. The experiment was laid out as a ran- subsamples were oven dried to estimate DM 
domized complete block with three replicates, yield. Seed yield on each subplot was estimated 
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hand, two aculeata,Table 24. Effects of simulated grazing on herbage and seed other the lines of M. 

yields on the mean of 23 lines of M.rigidulaand two lines of alihough both late in flowering, were high in
 
M.aculeataat Tel Hadya, 1982/83. seed yield whether clipped at 100% flowering 

Herbage yield Sed yield o- a t 100% podding. It seems therefore that 

Stage 	of 'grazing" (kg/ha) (kg/ha) these lines offer more flexibility for grazing 

101 without serious reduction in seed yield.100%k flowering 1519 
100% podding 2090 !12 

Mature 1694 166 
LSD (5%) 147 	 Publications18 

,n quadrats of 1 x 0.5 m. The data were Journal Article 
analyzed for a split-plot design with medics as 
main plots and time of 'grazing" as subplots. Osman, A.E., Nersoyan, N.and Somnaroo, B.H. 1983. Ef

fects of phosphate. seed ra, eed ratio and harvesting 

stage on yield and quality of !egume-cereal mixtures.Differences were observed regarding time to Research Jota'n:! (submitted).6Forage 

reach 100% flowering which varied from 149 
days in early lines to 164 days in late lines. 
Similarly, at 100% podding there was a dif- Conference Paper 
ference of 10 days between early and late lines. 

Osman, A.E. and Nersovan, N. 1983. Prospects of using 
forage mixtures for grazing by sheep in winter and for 

Average DM-production was significantly hay making afterwards. Second International Rangeland 

higher at 100% podding than at 100% flower- Congress, 13-18 May 1984, Adelaide, Australia (ac

ing or maturity (Table 24). On the other hand, cepted). 
0grazing" at 100% flowering or 100% podding 
did not result in significant differences in seed Miscellaneous 
yield, whilst "grazing' at maturity resulted in 
highest seed yield, apparently due to the fact Osman, A.E., Nersoyan. N., Moudaress, Z. and Chassaly, 

that many pods were already on the ground. 	 F. 1983. Productivity and forage quality of vetch and pea 

in mixtures with barley under dryland conditions. Pro-There was also a significant correlation 
-0.70, P <0.001) between herbage yield at gress Report-Clovers and Special Purpose Legumes(r = Research. Dept. of Agronomy, Univ. of Wisconsin, 

100% flowering and seed yield: this was not so Madison, USA. 

between herbage at 100 % podding or maturity. 
Rihawi, S., Williams, P.C. and Somaroo, B.H. 1983. A 

note of changes in potential nutrition efficiency of dif-
It was also noticed that all early lines of M. ferent legumes at different stages of maturity. Progress 

rigidula produced more seed than late lines Report-Clovers and Special Purpose Legumes Research. 
when harvested at 100% flowering. On the Dept. of Agronomy, Univ. of Wisconsin, Madison, USA. 



L4(
 

Genetic Resources Unit
 

A separate Genetic Resources Unit (GRU) was 
established in jar. 1983 to serve as a center for 
the collection, characterization, documenta-
tion, maintenance and conservation, and 
distribution of germplasnw of ICARDA's man-
date crops. Previously each of the crop im-
provement programs h Ad independent genetic 
resources activities. A considerable amount of 
agronomic evaluation work ;z_ Ione by the 
programs, but the systematic collection, 
documentation, and conservation of germplasm 
did not receive enough attention. The GRU now 
has full responsibility for the organization and 
conduct of germplasm collecting missions, the 
documentation and storage of active and base 
collections, and the distribution of germplasm 
for all ICARDA's mandate crops. 

Status of Present Collection 

ICARDA has assembled a substantial number of 
accessions of its mandate crops. Most of the ac-
cessions have come from other germplasm 
centers. but for some crops, such as faba beans 
and medics, much of the collection has come 
from collection missions. The total number of 
accessions and their sources are given in Table 
1. There are probably some duplicates, par-
ticularly in durum wheat and Pisum spp., but 
they will be identified as soon as full documen
tation facilities become available. 

New Germplasm in 1982/83 

Efforts continued during 1982/83 to collect 
geographically and genotypically representative 
germplasm of ICARDA's mandate crops. 

A forage germplasm collecting mission to 
Morocco sampled coastal areas southwest of 
Rabat, inland sites south of Rabat to Marrakesh 
and highland areas south-southeast of Rabat. 
Altogether 294 accessions were obtained from 
94 sites in rainfall zones ranging from 200 to 650 
mm. Of these, 270 were of 13 different annual 
medics species (Medicagospp.). 

A total of 2274 accessions from 39 countries 
was added to the germplasm collection in 1983 
(Table 2). 

Germplasm Evaluation 

A total of 5000 barley accessions were 
characterized in the field and in the laboratory 
for 21 quantitative and qualitative traits 
recommended in the IBPGR barley descriptor 
list. The work was a joint effort with the Cereal 
Improvement Program and is a continuing pro
ject on the evaluation and documentation of 
ICARDA's barley germplasm, funded partly by 
IBPGR. The addition of this information to 
agronomic data on yield, and to tolerance to salt 
and drought, greatly :ncre.:,es the value of the 
barley germplasm cr flection. 

The crop breeding programs continued to 
evaluate accessions for agronomic traits and 
quality characteristics. Yield data and infor
mation on other characteristics are being col
lected and collated from several sites in diverse 
ecological areas in Syria ard other countries of 
the region. 

Previous Page Bkmk
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Table 1. Germplaun collection status at ICARDA and major sources of the accessions. 

Crops No. of accessions 

Cereals 
Barley 


Duruim wheat 

Bread wheat 
Wild spp. 

Food Legumies
 
Lentil 


Chickpea 
Faba bean 

Forages
 
Medic spp. 


Pisntm spp. 
Vicia spp. 

Trifo/ium spp. 

Trigone/la spp. 

Astragalusspp. 


Onobrychis spp. 

Alfalfd 

LaIlhyrus spp. 


Triticale 

Barley 

Arena spp. 

Grasses 

Documentation 

14140 
15960 

562 
208 

5486 

5350 
3091 

2871 

3220 
2731 

805 

137 
287 

731 

855 

500 

1565 
1719 
530 


600 

In 1983 the Food Legume Improvement Pro-
gram prepared and published a Kabuli 
Chickpea Germplasm Catalog containing 
passport and evaluation data for 3300 acces-
sions. Subsequently, a lentil germplasm catalog 
was prepared, with the assistance of GRU, 

Major source 

USDA: (errlplasn liist., Bari, Italy.
 
USDA; Gerniplasin Inst., Bari, Italy.
 

ICARDA breeding lines.
 
I(AIDA collections.
 

Regional Polse Improvement Project, Iran.
 
Univ. of Agiic. and Tech.. Pantnagar. India,
 

Plant Introd. Sta., Piilian. Vashingtoin.
 
ICRISAT; AIAI)/ICARI)A 2€ollectiois.
 

ALAI/ICAIR)A collections.
 

Manitoba Univ., Canada- Spain, Cyl,rns. 

ALAD/ICARDA collections. 

SAI)AF South Australia.
 
Bari, Italy; John Innes Institte, UK
 

Bari, Italy; East Germany.
 
ICARDA collections. 
ICARDA collections. 

Beltsville, Maryland. USA.
 
ICAIIDA collcetions: Egypt.
 

ICARDA collections.
 

Beltsville, Maryland. USA.
 
Beltsville, Marvland. USA.
 

ICAI)A collections.
 

Montana State Univ.. USA.
 
Beltsville. Maryland, USA.
 

Lebanon collections.
 
I(CARDA collections.
 

East (e;rmany: E'thipia.
 

ICARI)A collections.
 
CIMMYT: Manitoba, Canada.
 

USDA: Germany.
 
Beltsville, Maryland. USA: Germlnan.
 

USA; ICAIII)A collections.
 

which incorporates data for 26 descripton. for 
the crop, and will soon be published. For 
barley, GRU is collating and registering infor
mation on 3000 accessions. A catalog with data 
on 21 descriptors for 8000 accessions in the 
barley collection will be produced late in 1984. 
Priority is being given to the documentation of 
existing passport and evaluation data for the 
entire germplasm collection. 
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Table 2. Germplasm distributed and received during 1983. 

Number received Number distributed 
Crops Accessions 

Chickpea 850 
Lentil 62 
Faba bean 200 
Barley 423 
Durum wheat 1 
Wild species I 156 
Medics 428 
Pis1uni spp. i 
Vioia spp. 4 
Forage legumes 116 
Forage cereals 25 
Forage grasses 8 

Total 2274 

1. llordeun spontayieurnj andAegilops spp. 

Rejuvenation, Conservation, and 
Distribution 

Seed stocks for most of the germplasm collection 
are below the minimum quantities required for 
medium- and long-term storage. During the 
next 2-3 years the stocks will be rejuvenated, 

Countries Accessions Countries 

7 79 6
 
12 5 2 
5 188 12
 
1 68 7 
1 3450 1 
2 295 7 
2 72 10 
1 389 10 
] 49 9 
3 134 14 
1 104 6 
3 71 8 

39 4904 92 

This work began in 1982/83 and 800 lines of 

medics were rejuvenated. 

The distribution of germplasm to interested 
scientists worldwide is an important service 
provided by ICARDA. In 1982/83, 4904 acces
sions were distributt-A to scientists in 92 coun
tries (Table 2). 

Variabilfty in seed characteristics of kabuli chickpea (left) and lentil (right). 
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Physical Facilities 

The physical facilities for GRU in the near 
future will include a cold storage for 
60,000-70,000 accessions. The active collections 
will be placed in storage at Tel Hadya, Aleppo. 
A low-temperature chamber for long-term con-
servation of the base collection, and other 
facilities will become available when the con-
struction of the GRU permanent quarters, 
funded by the Italian Government, is com-
pleted. In the meantime, the base collections 
will be maintained in deep freezers. 

Future Work 
The GRU is developing a 5-year program of 
work which will emphasize: 

1. Docurmentation of information on collec
ting missions, passport data, and evaluation 
results for all ICARDA mandate crops. 

2. Rejuvenation of all ICARDA germplasm. 
3. Medium- and long-term storage of the en

tire germplasm in controlled conditions. 
4. Collection of new germplasm to fill gaps in 

the present collection. 
A training program to meet the needs of na

tional programs i!'being developed. 



Computer Services
 

The first stage of the development of Computer 
Services was completed in 1983, about 2 years 
after the establishment of the Aleppo Computer 
Center with a PDP-11/34A computing system, 
and 14 months following the establishment of 
the Harry S. Darling Computer Center with a 
VAX-11/780 computing system at Tel Hadya. 

The Computer Services has now met the (1) 
major routine and non-routine program 
development requirements, (2) established the 
technical and organizational structures to deal 
with such additional needs, and (3) laid the 
foundation for dealing with more advanced use 
of the computing systems. 

. 

S/I 

VAX-1I1780 is the mainstay of the Harry S. Darling Com-
puter Cent .r at Tel Hadya. 

The first stage of development took place 
within the context of three main projects: (1) 
General System Software Development, (2) 
Statistical Analysis and Experiment Aids, and 
(3) Administrative Application, in addition to 
the general systems management and operation 
of the computer centers at Tel Hadya and 
Aleppo. 

General System Software 
Development 

This project is concerned with the production of 
integrated program packages. Each package is a 
collection of interrelated modules, which per
form specific tasks on either the data itself, or 
the data structures defining the packages' file 
system. 

The packages produced in 1983 are at dif
ferent levels of development, but the underlying 
design allows for their use, in the current form, 
while development of additional modules con
tinues. 

There are two main types of modules in each 
package: general utility and package-specific. 

General utility modules required in a package 
are usually added to ICARDA's library of utility 
subprograms (ICALIB), or file management 

library (ICAFIL), for use in other program 
systems. Package-specific programs are 
generally unique in that they relate to the ap
plication itself. A further step in rationalization 
was, however, possible. By identification of the 
common requirements of the planned packages, 
modules which constitute a foundation for all 
such packages formed ICADET (ICARDA's 
Data Manager). 

ICADET's initial version (Version 1.0) was 
used successfully in 1982. This included, for 
example, ICAGEM, the Genetic Resources 
Data Management System, and ICAREP, the 
Crop Abstracts Information System. In 1982/83 
ICADET was installed on the VAX-11/780, and 
the large-scale development of ICADET Ver
sion 1.1 was started. ICADET is under con
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tinuous development in response to requests for 
additional facilities and for more advanced 
techniques for handling data or data structures. 

At present ICADET supports six packages: 

ICAGEM: Genetic Resources Data 
Management System 

ICALAB: Laboratory Data Capture and 
Analysis System 

ICAREP: Crop Abstracts Information 
System 

MAILER: General Mailing List System 
METEOR: Meteorologica! Data Processor 
CERINT: Cereal International Nurseries 

Data Processor 

Additional modules are being developed for 
these packages. The following packages are 
planned for 1984: 

ICACAI: Computer-Assisted Training 
System 

LIBMAN: Library Management and 
Control System 

FARMER: Farm Management and Plot 
History System 

Development usually starts with the elabora-
tion of the file system requirements and creation 
of the database from the data previously col-
lected, if any, followed by defining the 
package-specific requirements. Finally, a 
development schedule is set up. Emergent 
modules are released as soon as they satisfy 
testing and performance analysis criteria, 

The lifetime of a system software package is 
ultimately determined by the extent of its flex
ibility to meet additional and possibly changing 
requirements. In addition to flexibility, a fur-
ther constraint at ICARDA is to maintain 
complete compatibility between the computing 
systems at Aleppo and Tel Hadya. 

These constraints dictate the design, pro
gramming, and other system considerations, 
and call for extreme care in the development of 
package-specific and other modules. The pro
cess guarantees not only a more rapid produc
tion cycle, but also the establishment of a stan
dard approach, with all the attendent benefits 
of rationalization and integration. 

Appropriate solutions to some of the problems 
of analysis, design, programming, coding, 
testing, and performance analysis were 
developed in conjunction with users and 
through internal discussions and technical 
notes. 

In 1982/83, users were trained individually in 
view of the diversity of the packages and the 
differing needs of the user groups. The number 
of users continued to grow. 

Documentation in this project relates at pre
sent to the common modules in ICADET's User 
and Reference Manuals. Additional documen
tation is scheduled for 1984, by dealing with 
each package at its current level of develop
ment. 

We now plan to exploit the computer power 
for detailed analysis of specific problems as an 
additional aid to scientific decision making. A 
case in point is the development with the Cereal 
Improvement Program scientists of a 'Parents' 
file system as a part of CERINT to trace the use 
of parents in cultivar development. Another 
example is the development of a suitable 
technique for handling nursery data from 
various locations, already under way. 

ICADET supports an on-line search facility 
of crop abstracts and the production of diverse 
catalogs. 

Identification of microbes in crops is now 
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carried out rapidly, using a derivative of Contacts with ICRISAT, the original 
ICADET. This facility should provide a better developers of CRISP, were maintained in 1983. 
understanding of microbiological and At a meeting of computer directors of various 
pathological factors in crop improvement, centers in Cairo in Jan 1983, further areas of 

development of CRISP were discussed, in
cluding exchanges of separately developed
modules.and Ex-ApplicationsStatistical 

periment Aids 
Acquired packages (SPSS-X, SHAZAM, 

The project is centered around CRISP (Crop BMDP, GENSTAT, and CSMP) were used ex-
Research Integrated Statistical Package), the tensively for the processing of survey, livestock, 
early version of which was obtained from and agroclimatic data by the Farming Systems 
ICRISAT, India. Currently, Version 1.2 of Program and the processing of passport and 
CRISP operates under VMS, and supports 127 evaluation data by the Genetic Resources Unit. 
utility and analysis modules. Version 1.1 
operates under RSTS/E with 107 modules.opatibiit beR n ithtwmouersns. iICARDA acquired and installed a version ofCompatibility betw een the two versions is e C o o el n a r dt r g c d a 
assured by maintaining, for the time being, a the C r Moeing Pro producecommn fie sructre.IFDC, after converting it to operate under 
common file structure. VMS. 

In its current version, CRISP is essentially a 
breeder package. Some 4000 runs were carried Administrative Applications 
out on CRISP's utility and analysis modules in 
1983. Currently it supports all the breeding This project was centered around MAS, 
work in the three crop programs, and some of Management, Accounting, and Information 
the work of the Farming Systems Program. System. The first stage of MAS included: (1) 
Modules were written specifically for the General Ledger, (2) Voucher Entry System, (3) 
analysis of international nurseries, for the pro- Personal Account Sub-System, (4) Budget 
duction of overall performance tables, and for Preparation Sub-System, (5) Manpower 
selection across locations of best cultivars. Deployment Sub-System, (6) Payroll System, 

(7) A Comprehensive, Comparative Report 
More sophisticated regression facilities are Generation Facility, and (8) Personal Services 

planned for 1984. At present CRISP data files Budget and Expenditure. All are in active use, 
can be used in other packages, including and some have been in operation for over 13 
ICADET-based packages. The file system of months. 
CRISP was redesigned to allow a complete 
compatibility with ICADET-based systems, The development of a comprehensive 
and hence enrich all such systems with diverse management information system to draw upon 
statistical analysis tools. CRISP would then the acquired financial and administrative data 
possess comprehensive data management is already in preparation, and some of its 
facilities available currently in ICADET and its modules are currently in use as a part of the 

associated packages. Report Generation Facility. 
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Training 

As part of the training activities of the Cereal 
and Food Legume Improvement Programs, two 
short courses were organized at the Harry S. 
Darling Computer Center on 'Computing 
Methods in Agricultural Research". Nineteen 
trainees processed data from their own ex-
periments. Two of them were then given a more 
comprehensive course. 

Individual training was conducted on 
ICARDA-developed as well as acquired 
packages, especially CRISP and the word-
processing facility, 

"Darling Computer Center, and the addition of 

," 

V 

Ithird 

... - . ..-

Part of the training in crop improvement is a course in 
computer methods, 

Systems Development 

The number of interactive users increased in 
1983, and reached the maximum capacity of 32 
user-processes for the VAX-11/780 and 13 for 

the PDP-11/34A in the harvest and planting 
seasons. The expansion of the Administrative 
Applications Project accounts for most of the 
usage of the PDP-11/34A system. 

Central Processor Unit time was fairly evenly 
divided between the programs, with the Farm
ing Systems Program occupying a time
independent band across the year. 

Shortage of terminal devices was more evi
dent during the harvest time. In 1983, batch 
processing (running tasks under the sole control 
of the operating system rather than jointly with 
the user behind a terminal device) was resorted 
to, to alleviate the pressure. The number of 
terminal services will be increased in Jan 1984, 
by expanding the User Area at the Harry S. 

more terminal devices at the various work sta
tions already established at the farm. This in 
turn calls for expansion of the memory banks 
which will take place at the same time. 

Disc capacity is running continuously at 80 %
of the available disc space, with an increase 

during harvest season and experiment planning 
time. Daily transfer of files to tape storage was 
resorted to, to create sufficient working space. A 

disc unit will be brought into commission 
in 1984 to increase the disc space available by 
1/3 of the current level. 

In late 1984, ICARDA will exper.ment with 
the creation of 'local intelligence" in strategic 

locations at the farm. This will allow the use of 
a local system, with back-up from the main 
computer systems at the farm. This approach 
will reduce the load on the existing systems, as 
well as obviate the need for inordinate growth 
of the central systems. The purpose of tWe ex
periment also relates to the possibilities of pro
viding national programs with such equipment 
and back-up for their agricultural research. 
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A number of portable 'micro-computers' devices (55 characters per second) accounts for 
(micro-processor driven compact computing a large part of such utilization of system 
structures) for data capture in the field were resources. The addition of typesetting equip
evaluated. The selected device will be subject to ment should help to reduce this ratio and add 
extensive tests of endurance of the climate and versatility to the layout and form of ICARDA 
dust conditions early in 1984. This technique publications. However, camera copies of several 
will reduce the amount of manual handling of ICARDA publications were produced for the 
field data. The 'micro-computer' will be loaded Communications and Documentation Program 
with specific programs and randomization as well as private publishers. 
tables, and the data coilected will be off-loaded 
onto the computing systems in Tel Hadya or 
Aleppo. The possibilities for automatic data recording 

from laboratory instruments were considered in 
Word processing and text management took 1983. Pilot experiments will be carried out on 

over 6 %of the current level of utilization of the recently acquired instruments for the GRU 
computing systems at both centers. This is a laboratory. If successful, the use of such in
high ratio, and reflects a definite demand. The struments for certain categories of experiments 
comparatively low speed of the current printiag will be recommended. 



Training
 

ICARDA attaches high priority to training ac-
tivities. To fulfil the objectives set, some 
changes in the organization of training activities 
were made in 1983. Training activities became 
an integral part of research activities within the 
various research programs and the training of-
ficers were located in the concerned research 
programs. This allowed the research programs 
to be more closely involved in training activities 
and a closer contact between trainees and 
ICARDA scientists. During the year, training 
officers were appointed for the Cereals and the 
Pasture and Fcrage Improvement Programs. A 
head of training will join in early 1984. He will 
address center-wide issues concerning the 
development of training, such as overall plan-
ning, budgeting, relationship with national, 
regional, and international institutes, and 
follow-up measures. 

ICARDA extended its training activities in 
1983 by conducting in-country courses as well as 
assisting national programs in conducting their 
own training activities. Improvements were 
made in the quality of the educational training 
material, and several new audio-visual aids 
were developed. 

Group Training 

Six-month General Courses 

In tie 1983 cropping season, three 6-month 
(Jan-July) residential courses in the improve-
ment of cereals, food legumes, and pasture and 
forage were conducted at Tel Hadya. Forty-five 
trainees participated in those courses (Table 1). 

Table 1. Number of participants in 6-month residential 
training courses at ICARDA, 1983. 

Food Pasture
 

Cereal Legume and Forage
 
Country Inuprovement Improvement Improvement
 
Pakistan 1 2
 
Egpt 3 2 1
 
Syria 4 3 2
 
Tunisia 1 1
 
N. Yemen 1
 

S.Yemen 2 1
 
Libya 2
 
Somalia 1
 
Sudan 1 4 1
 
Djebouti 1 1 1
 

Afghanistan I
 
Chile I
 
Jordan 2
 

Ethiopia 1 1
 
Iran 1
 

Total 18 17 10
 

, I
 

:
 

Group training in the laboratory. 

Previous Poem m
 



252 Training 

The participants were trained in the field and 
laboratory research techniques, with some 
class-room lectures. Training publications and 
visual aids were provided as reference material. 

Individual requirements were met by assign-
ing an experiment to each trainee to give them 
experience of planning, conducting, analyzing, 
and reporting of simple experiments. In assign
ing experiments, variability in the academic 
background of the trainees (B.Sc. levels to 
senior technicians) was taken into considera- 
tion. 

Faba Beans in the Nile Valley: 
Course II 

A 2-week course on faba bean improvement was 
held at Sakha Research Station, Egypt, Mar-
Apr 1983, as part of the ICARDA/IFAD Nile 
Valley Project. Eleven technicians from Egypt 
and six from the Sudan attended this course. 

The course was practically oriented with 
some relevant theoretical background. The 
focus was on faba bean improvement techni
ques in the field and laboratory. Egyptian 
Sudanese, and ICARDA scientists instructed the 
trainees. 

Individual Training 
Individual scientists from various national pro
grams were also trained at ICARDA during 

1983 (Table 2). They worked with ICARDA 
scientists for short periods focusing on specific 
topics relevant to their research in their national 
programs. 

Degree training, where the student registers 
at a university and conducts thesis research at 
ICARDA, was offered by the crop improvement 
programs: 

Table 2. Participants in individual non-degree training at ICARDA during 1983. 

Training category Subject 

Senior Research Fellow Legume microbiology 
Legume entomology 

Training Research Legume agronomy 
Associate 

Legume agronomy 
Legume pathology 
Cereals pathology 
Cereals planting 
machinery 
Cereals improvement 
Farm operation 
Livestock 
management 
Farming systems 

Total 

Duration 

One month 
One week 
One month 

One week 
Two weeks 
One month 
One month 

Two weeks 
One week 
Six months 

Six months 

Country Number 

Sudan 
Jordan 
Tunisia 

1 
1 
1 

Jordan 
Egypt 
Tunisia 
Tunisia 

1 
2 
1 
1 

Kenya 
Egypt 
Syria 

I 
11 
2 

Jordan 1 
23 
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Program No. of students/Degree 
SAssoicated 

Universities 
Farming Systems Training 

Cereals I Ph.D. Aleppo, Bonn Training in farming systems research increased 
1 M.Sc. 

substantially during 1983. As farming systems 
Food Legumes 4 Ph.D. Aleppo, Bonn research differs from crop improvement 

I M.Sc. Reading. research, the training focused on short, 
W-W W3 specialized courses and individual training 

(both degree and non-degree). 

Six scientists from Tunisia and 11 from Egypt 
were introduced to farming systems research 
approach during 1983. One participant from 

"4 Jordan worked with ICARDA's farming systems 
scientists for 6 months on socioeconomics. 

Various training workshops were offered by 
the Farming Systems Research Program. A 
regional workshop, sponsored by ICAR-
DA/IDRC, on "Economics in the design, ex
ecution and analysis of on-farm trials" was held 
in Cairo. It was attended by 12 scientists from 
the Nile Valley Project. A regional farming 
systems workshop, sponsored by ICARDA/Ford 
Foundation, was held at Aleppo 1983. It hosted 
20 participants
rgion. 

from various countries in the 

The following table shows the students con-
A ducting thesis research within the Farming 

Individualized training in the field. Systems Program. 

Name Degree Associated University Subject 

A. Wehbe Ph.D. Reading, UK Root development 
Y. Sabet Ph.D. Paris, France Soil erosion and tillage 
E. Bashed Ph.D. McGill, Canada Crop rotational agronomy 
M. Mokbel Ph.D. Massachusets, USA Human nutrition 
A. Rassam M.Sc. W. Ontario, Canada Female labor in agricultural systems 
S. Dozom M.Sc. Aleppo, Syria Crop rotational agronomy 
M. Wahoud M.Sc. Aleppo, Syria Forage barley agronomy 
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Group training in mechanization (Syrian national program). 

Assistance in National 
Training 

TrainingNumber 

ICARDA supports training conducted by na-
tional programs and tries to respond to requests 
for assistance whenever possible. The assistance 
is in the form of scientists delivering lectures, 
supply of educational material, and training the 
staff who are coordinating these activities, i.e., 
training the trainers. During 1983, three na-
tional training courses were conducted in col
laboration with the Syrian national research 
program (Table 3). Scientists from ICARDA 
and the Ministry of Agriculture participated in 
instructing the trainees. These courses were 

Table 3. Joint ICARDAIAgricultural Research Centre, 

Syria, training courses, 1983. 
of 

Course Duration Place trainees 
Improvement of 24 Apr-9 May Lattakia 17 
field crops 
Mechanical 28 May-3 June Aleppo 7 
harvesting of 
cereals and legumes 
Mechanical 6-17 Nov Aleppo 7 
planting of field crops 

practically oriented with the relevant 
theoretical background. ICARDA supplied 
teaching manuals as well as visual aids. 



Communications and Documentation
 

The Communications and Documentation 
Program continued to publish and disseminate 
information on ICARDA's scientific activities. 

Communications 

We continued to emphasize the translation of 
ICARDA publications to Arabic; this 1983 An
nual Report will also be published in Arabic. 
We have now produced 25 publications in 
Arabic, including the 1982 Research Highlights. 
IDRC provided a grant to translate RACHIS, 
the cereals newsletter, into Arabic. News stories 
from the Program on ICARDA's activities were 
published in the English and Arabic media. 

Documentation, printing, photography, and 
graphic-art staff received training during 1983, 
which has increased the quality of ICARDA's 
publications. 

Printshop production was expanded 25%. In 
1983 a new printing press was ordered, which 
will enable us to increase the quantity and 
quality of in-house publications. 

The ICARDA mailing list was revised and 
put on the Center's computer, using the 
MAILER program developed by the Computer 
Services. This will facilitate the distribution of 
ICARDA publications, 

The Communications and Documentation 
program expanded in 1983 with the addition of 
a science editor; a science writer will join in Jan 
1984. 

The program published two workshop pro
ceedings, a germplasm catalog, nursery reports 
for the crop improvement programs, training 
material, and a number of special publications. 
These are listed in a new ICARDA Publications 
List. 

Documentation 

This was the second year of an International 
Development Research Center (IDRC) grant 
for the Faba Bean Information Service (FABIS) 
and Lentil Experimental News Service (LENS). 
Both newslette':. were published twice during 
1983. 

Two issues of RACHIS ( Wheat, Barley, and 
Triticaie Newsletter) were also published in 
1983. 

An agreement was made with FAO, whereby 
articles from the three newsletters are being in
put to the Agricultural Information Service 
(AGRIS) data base. 

Progress was made on the computerized 
storage and retrieval of information relating to 
faba bean and lentil. During 1983, the world 
literature was scanned, and reprints requested 
of all papers on the two crops to strengthen 
ICARDA's data base. 

The first edition of a Farming Systems 
Research newsletter was published in 1983. 
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Library 

A 3-year plan for the development of the library 
was produced in 1983. 

The library staff continued to scan the world 
literature, and send for reprints of works related 
to ICARDA's mandate. Some 2000 reprints 

were received in 1983 and included in Current 
Awareness, a periodical publication giving in
formation on the new holdings of the ICARDAlibrary. Curreni Awareness was published six 
times in 1983, with a 45 % increase in abstracts 

and listings. 

The library's holdings now stand at 1700 
books and 200 journals. 
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Visitors' Services
 

In 1983 ICARDA received 1150 official visitors and members of the Diplomatic Corps. ICAR
from 42 countries. Of these, 713 visitors were DA was honored by visits of Mr. Ammash 
from outside Syria and represented some 56 Jede'a, Minister of Agriculture and Agrarian 
universities and national, international, and Reform, Syria, and Mr. Mohamed Nour 
private organizations. Among the visitors were Mawaldi, the Governor of Aleppo. 
Dr. Curtis Farrar, the Executive Secretary of 
the CGIAR, Dr. Ivan Head, President of IDRC, ICARDA's 'Guest of the Year' was Dr. 
and members of the ACSAD Board of Trustees. Omond Solandt, OBE. Dr. Solandt has been 

associated with ICARDA since its conception in 
During the year, 10 program events were the early 1970s, and he was the vice-chairman 

held including field days for Syrian farmers, of the Board of Trustees for 6 years. 
members of Syrian Government organizations, 
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Collaborative Research Projects with Advanced Institutions
 

Subject 

1. 	 Replacement of fallow by forage crops 
2. 	 Studies on rural labor 

3. 	 Root studies on barley ad chickpeas 
4. 	 Phenology and productivity 


modelling in wheat 

5. 	 Precipitation and temperature 

analysis 
6. 	 Evaporation from sparse barley 

crops 
7. 	 Nitrogen fertilizer efficiency 

using 15N 
8. 	 Nitrogen fixation studies 


using 15N 

9. 	 Photothermal relations in barley, 

faba beans and lentils 
10. 	 Collection & evaluation of harley 


& dvirimi wheat germplasm 

11. 	 Cooperative project on salt 

tolerance of cereals 
12. 	 Cereal, food legume & forage 

quality evaluation 
13. 	 Recurrent selection in barley, 


using male sterility
 
14. 	 Studies on nematodes affecting 

chickpeas, peas & forage legumes 
in the Mediterranean region 

15. 	 Resistance to Bruchids in faba beans 
16. 	 Faba bean adaptation studies 

17. 	 Faba bean breeding methodology 
studies 

18. 	 Inter-specific crossing 
19. 	 Studies on the resistance of 

faba beans to Botrytisfabae 
20. 	 Studies on ascochyta blight of faba beans 
21. 	 Physiologic variation in Asochyta rabiri 
22. 	 Phosphate & iron use efficiency 

in chickpeas and lentils 
23. 	 Measurement of out-crossing in lentil 
24. 	 Screening for cold tolerance in lentil 
25. 	 Ecogeographic survey & collection 

of natural populations of forage legumes 

Cooperating institutions Funding organization 

McGill Univer_ ity, Canada CIDA 
University of Western Canada, 
Canada Population Council 
University of Reading, UK ODA
 
University of New England, UNDP
 
Australia
 
University of Reading, UK ODA
 

Institute of Hydrology, UK Inst. Hyd./ODA 

International Fertilizer Develop- IFDC/UNDP 
ment Center, USA
 
International Atomic Energy IAEA
 
Agency, Austria
 
University of Reading, UK ODA 

University of Saskatchewan, NSERC
 
Canada
 
University of Munich, W. Germany
 

Canadian Grain Commission 

Montana State University, USA 

Institute of Nematology, Bari, CNR
 
Italy
 

University of Reading, UK FF 
European Economic Community, EEC 
Belgium 
University of Manitoba, Canada IFAD 

University of Reading, UK ODA 
Plant Breeding Institute, 
Cambridge, UK 
Univ,rsity of Manitoba, Canada IDRC 
University of Reading, UK ODA 
University of Hohenheim, 
W. Germany GTZ 
University College of Swansea, UK 
University of Perugia, Italy CNR 
International Board for Plant IBPGR 
Genetic Resources 
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26. 	 Nutritive value of hays and straws Tropical Development and 
Research Institute, UK ODA 

27. 	 Studies on Rhizobium carrier systems University of Manitoba, Canada IDRC 
28. 	 Screening for salt tolerance in barely and durum University of Munich, W. Germany GTZ 

wheat and development of cultural practices for
 

salt-to!erance areas.
 
29. 	 Evaluation of forage shrubs (Medicago arborea) Plant Breeding Institute, Bari, Italy CNR 

ia the Mediterranean region 
30. 	 Aphid resistance in faba beans University of Bonn, W. Germany GTZ 
31. 	 Stem nematode studies in faba beans University of Bonn, W. Germany GTZ 
32. 	 Agronomy studies on dry peas University of Giessen, W. Germany GTZ 
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Acronyms and Abbreviations 

ACSAD 	 Arab Centre for Studies of the Arid Zones 
and Dry Lands 

ADYT Advanced Durum Yield Trial 
AOAD Arab Organization for Agricultural 

Development 
ARC 	 Agricultural Research Centre of the Syrian 

Ministry of Agriculture and Agrarian 
Reform 

ATYT Advanced Triticale Yield Trial 
AYT Advanced Yield Trial 
AYT-T Advanced Yield Trial - Tall (Chickpea) 
BCB Barley Crossing Block 
BKLDN Barley Key Location Disease Nursery 
BON Barley Observation Nursery 
BPL Faba Bean Pure Line 
BSP Barley Segregating Population 
CAB Commonwealth Agricultural Bureaux 
CGIAR Consultativg Group on Internationul 

Agricultural Research 
CIDA Canadian International Development 

Agency 
CIABN Chickpea International Ascochyta Blight 

Nursery 
CIMMYT Centro Internacional de Mejoramiento de 

Maiz y Trigo 
CNR Consiglio Nazionale delle Recerche, Italy 
DA XI) Deutscher Akademischer Austauschdienst 
DCI Durum Crossing Block 
DKLDN Durum Key Location Disease Nursery 
DMB Determinate Mutant Bulk 
DON Durum Observation Nursery 
DON-IRR Durum Observation Nursery-Irrigated 
DON-Rf Durum Observation Nursery-Rainfed 
DSP Durum Segregating Population 
FBAT Faba Bean Adaptation Trial 
FBIABN Faba Bean International Ascochyta Blight 

Nursery 
FBICSII Faba Bean International Chocolate Spot 

Nursery 
FBIRN Faba Bean International Rust Nursery 
FBWCT International Faba Bean Weed Control 

Trial 
FDPPT Faba Bean International Date of Plan-

ting/Plant Population Trial 
FF Ford Foundation 
FSP Farming Systems Program 
FSR Farming Systems Research 

GTZ 

IBPGR 

ICC 
ICRISAT 

IDA/IBRD 

IDRC 
IDYT 
IFAD 

IITA 

ILB 
ILC 
ILL 
IYT 
KLDN 
ODA 
OPEC 

PDYT 
PFIP 
.PTYT 
PYT 
QQR 
RBYT 
RDYT 
RDYT-Rf 
RWYT 
SL 
SNP 
UNDP 
UNU 
USAID 

USDA 
WBON 
WBWON 
WCB 
WDON 
WKLDN 
WON 
WSP 

Deutsche Gesellsehaft for Technische 
Zuzammenarbeit 
International Board for Plant Genetic 
Resources 
ICRISAT Chickpea 
International Crops Research Institute for 
the Semi-Arid Tropics 
International Development Agency/Inter
national Bank for Reconstruction and 
Development 
International Developrjeiut Research Centre 
Initial Durum Yield Trial 
International Fund for Agricultural 
Development 
International Institute of Tropical 
Agriculture 
ICARDA Legume Faba Beans 
ICARDA Legume Chickpea 
ICARDA Legume Lentil 
International Yield Trial 
Key Location Disease Nursery 
Overseas Development Administration (UK) 
Organization of Petroleum Exporting 
Countries 
Preliminary Durum Yield Trial 
Pasture and Forage Improvement Program 
Preliminary Triticale Yield Trial 
Preliminary Yield Trial 
Quinquennial Review 
Regional Barley Yield Trial 
Regional Durum Yield Trial 
Regional Durum Yield Trial-Rainfed 
Regional Wheat Yield Trial 
Syrian Lira 
Seeding rate, Nitrogen, and Phosphorus trial 
United Nations Development Programme 
United Nations University 
United States Agency for International 
Development 
United States Department of Agriculture 
Winter Barley Observation Nursery 
Winter Bread Wheat Observation Nursery 
Wheat Crossing Block 
Winter Durum Observation Nursery 
Wheat Key Location Disease Nursery 
Wheat Observation Nursery 
Wheat Segregating Population 
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Director General's Office 

Dr. Mohamed A. Nour, Director General 
Dr. Peter R. Goldsworthy, Deputy Director 

General (Research) 
Dr. Geoffrey C. Hawtin, Deputy Director 

General (International Cooperation) 
Mrs. Joan Joshi, Director of Administration and 

Training* 
Mr. Fouac Gemie, Assistant to Director 

General* 
Dr. Samir EI-Sebae Ahmed, National Research 

Coordinator 
Miss Dalal Farah, Executive Secretary 
Mrs. Nada Khattar, Executive Secretary 

Government Liaison &Public Relations 

Dr. Adnan Shuman, Assistant Director General 
(Government Liaison) 

Mr. Ahmad Mouw. El-Ali, Officer in charge, 
Public Relations 

Damascus Office 

Mr. Abdul Karim El-Ali, Administrative 
Officer 

Beirut Office 

Ms. Afaf Rashed, Executive Secretary/Office 
Manager 

Mr. Anwar Agha, Senior Accountant 

Cairo Office 

Dr. Bhup Bhardwaj, Director of Administra-
tion and Operations, ICARDA/IFAD Nile 
Valley Project 

Tunis Office 

Dr. Ahmed H. Kamel, Cereal Pathologist, 
ICARDA Representative 

Finance 

Mr. Edward Sayegh, Financial Controller & 
Treasurer 

Mr. P. Mehra, Finance Officer 
Mr. Nazih Achkar, Budget Officer* 
Ms. Rima Musalli, Budget Officer 
Mr. S. Siteraman. Finance Officer 
Mr. Salah Deif, Accountant, Nile Valley Project 
Mr. Suleiman Ishak, Senior Accountant 
Mr. Fadel Kandis, Pre-Audit & Control 

Computer Services 

Mr. Khaled El-Bizri, Director 
Mr. Bizhan Kamrava, Analyst/Programmer 

Personnel 

Ms. Leila Rashed, Personnel Officer 

Farming Systems 

Dr. David Nygaard, Program Leader 
Agricultural Economist* 

Dr. Peter Cooper, Soils Physicist 
Dr. Karl Harmsen, Soils Chemist 
Dr. John D. Keatinge, Crop Physiologist 
Dr. Seweryn Kukula, Weed Scientist 
Dr. Kutlu Somel, Economist 
Dr. J.Stevens, Microbiologist 
Dr. Fares Asfary, Analytical Agronomist 
Dr. Ronald Jaubert, Agricultural Economist 
Dr. Thomas Nordblom, Agricultural Economist 
Mr. Abdul Bari Salkini, Research Associate 
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Mr. Sobhi Dozom, Research Associate 

Mr. Ahmad Mazid, Research Associate 

Mr. Mahmoud Oglah, Research Associate 


Cereal Crops Improvement 

Dr. Jitendra P. Srivastava, Program Leader 
Dr. Walter K. Anderson, Agronomist' 
Dr. Mohamed S. Mekni, Barley Breeder 
Dr. Walter Nelson, Bread Wheat Breeder 

(CIMMYT) 
Dr. Ortiz-Ferrara, Bread Wheat Breeder 

(CIMMYT) 
Dr. Omar Mamluk, Plant Pathologist 
Dr. Mohamed Tahir, Cereal Breeder (HighAltitude)

Dr.Ahmued EMr.
Dr. Ahm ed E 1-A hmed , Barley B reeder 

Pathologist (Tunisia) 
Dr. Miloudi Nachit, Durum & Triticale Breeder 
Dr. Mark Winslow, Physiologist 
Dr. Habib Ketata, Training Officer 
Dr. Rients Niks, Post Doc. Durum Breeder* 
Mr. Joop Van Leur, Associate Expert 

(Pathology) (Netherlands Government) 
Mr. Mumtaz Malik, Research Associate 
Mr. Issam Naji, Research Associate 

Food Legume Crops Improvement 

Dr. Mohan C. Saxena, Program Leader 
Ar.ohnsCDr.
Agronomist 

Dr. CesarCardona, Entomologist 
Dr. Farouk Elsayed, Faba Bean Breeder* (Nile 

Valley Project) 
Dr. Larry Robertson, Faba Bean Breeder 
Dr. William Erskine, Lentil Breeder 

Dr. Howard Gridley, Legume Breeder 

(Tunisia) 
Dr. Salim Hanounik, Plant Pathologist 
Dr. M. El Habib Ibrahim, Training Officer 
Dr. M.V. Reddy, Chickpea Pathologist 

(ICRISAT) 
Dr. K. B. Singh, Chickpea Breeder (ICRISAT) 

Dr. Mohamed EI-Sherbeeny, Post Doe. 
Research Fellow 

Dr. R.S. Malhotra, Post Doc. Research Fellow 
Dr. M.V. Murinda, Post Doe. Research Fellow 
Mr. Ahmed Hamdi Ismail, Research Associate 
Mr. Patrick Houdiard, Research Associate 

(Tunisia)
 
Mr. Abdullah Sayegh, Research Associate
 
Mr. Munir A. Turk, Research Associate
 

Pasture & Forage Improvement 

Dr. Philip Cocks, Program Leader/Pasture 
Ecologist 

Dr. AhmETa esman, AgronoistDr. Euan Thomson, Livestock Scientist 
Faik Bahhady, Assistant Livestock ScientistD .A i A d l M n i ,T a n n f i e 

Dr. Ali Abdel Moneim, Training Officer
 
Mr. Nerses Nersoyan, Research Associate
 
Mr. Sfouh Rihawi, Research Associate
 
Mr. Hanna Sawmi Edo, Research Associate
 
Mrs. Monika Zaklouta, Research Associate
 
Mr. Mark Crocker, Research Associate* 

High Altitude Research 

Dr. Edward Matheson, Director 

Genetic Resources Unit 

Dr. Bhal Somaroo, Program Leader 
Marlene Diekmann, Plant Protection Of

ficer (DAAD, W. Germany) 
Dr. John Witcombe, Germplasm Specialist 

(IBPGR)* 
Dr. Yawooz Adham, Documentation Specialist 
Mr. Thomas Ehrman, Research Associate (IB-

PGR) 
Mr.B 

Bilal Humeid, Research Associate 

Communications &Documentation 

Mr. Larry Chambers, Head 
Mr. Philip Kemp, Documentation Specialist 
Dr. S. Varma, Science Editor 
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Training Coordination Station Development 

Mr. M. Radwan Tohalabi, Assistant Training Mr. Brian Tierney, Construction Manager 
Officer Mr. Khaldoun Wafaii, Civil Engineer 

Mr. Isaac Homsy, Civil Engineer 
Visitors' Services 

Purchasing and Supplies
Adm. Officer 

Mr. Mohamed Hamouiehi, 

Mr. Ramasamy Seshadri, Manager
Travel Services Ms. Dalal Haffar, Purchasing Officer 

Mr. Bader Khattab, Stores Officer 
Mr. Bassam Hinnawi, Travel & Visa Officer 

International School of AleppoFarming Operations 
Mr. Calvin Sloan, Principal/Teacher* 

Dr. Juergen Diekmann, Farm Manager (Tel Mr. Denis Sanderson, Principal/Teacher
Hadya) 

Mr. Joseph Papazian, Assistant Farm Manager 
(Tel Hadya) * Consultants 

Mr. Marwan Mallah, Administrative Assistant, 
Farm Mr. Kamel EI-Baba, Electrical Engineer, 

Mr. Munir Sughayyar, Station Operations (Syria) 
Engineer (Terbol, Lebanon) Mr. Tarif Kayali, Legal Advisor (Syria) 

Dr. Hisham Talas, Medical Consultant (Syria) 
Physical Plant Dr. Sanir Azzam, Medical Consultant 

(Lebanon) 
Mr. John Kennedy, Manager* Dr. Edward Hanna, Legal Advisor (Lebanon) 
Mr. Salah Rihan, Manager Dr. Hazel Harris, Agroclimatologist (Australia) 
Mr. Haitham Midani, Officer, General Services Mrs. Gem Somaroo, Nursing (Canada) 
Mr. Farouk Jabri, Officer, Food & General Dr. Philip Williams, Analytical Services 

Services (Canada) 
Mr. Ohaness Kalou, Building Maintenance Dr. Giro Orita, Veterinary Specialist (Japan) 

Engineer Prof. W.B. Ward, Science Writer/Editor (USA) 

' Left ICARDA during 1983. 
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Appendix 1 

ICARDA Quinquennial Review Panel 

Dr. G. Jenkins 
Scientific Advisor 

Chairman 

Dr. G.B. Baird 
(Plant Breeding and Genetics)

Programme Officer 
160 Great Portland Street

IADS 
London WIN 6DT

Rosslyn Plaza 
UK1611 North Kent Street 

Arlington, VA 22209, USA 

Dr. H.H. Messerschmidt 
Members Former Director General of the Animal 

Prof. J.R. Anderson Production Organizations of the 
Dean, Faculty of Economic Studies Federal Republic of Germany 
University of New England Haupstr. 44 
Armidale, N.S.W. 2351 2215 Gokels (FRG) 
Australia 

Prof. L.M. MontiDr. C. Charreau 
Professor of Plant BreedingDirector of Coordination & Programmes 
Instituto di AgronomiaIRAT 

45 bis, Avenue de la Belle Gabrielle Facolta di Agraria 
Universita di Napoli94130 Nogent sur Marne 
via delle UniversitaFrance 
80055 Portici, Italy 

Dr. Ahmed Goueli 
Professor and Chairman CGIAR Secretariat 
Department of Agricultural Economics Dr. D. Plucknett 
Faculty of Agriculture Scientific Advisor 
Zagazig University CGIAR 
Zagazig, Egypt 1818 H Street, N.W. 

Washington D.C. 20433
Dr. Norman Halse 
Chief, Plant Research Division USA 

Western Australian Department of Agriculture 
Perth 
Western Australia PanelSecretary 

Mr. L.H.J. Ochtman 

Prof. J.M. Hirst Senior Agricultural Research Officer 

Director TAC Secretariat 
Long Ashton Research Station FAO Headquarters 
Weston Road, Long Ashton via delle Terme di Caracalla 
Bristol, BS18 9AF, UK 00100 Rome, Italy 


