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ICARDA: ITS FUNCTION AND MANDATE 

T he International Center for Agricultural Research in the Dry Areas (ICARDA) was estab- 
lished in 1977 to undertake research relevant to the needs of the agricultural systems 

of the West Asia and North Africa region. The overall objective of the Center is to contribute 
towards increasing agricultural productivity in the region and thereby increase the availability 
and quality of food in both the rural and urban areas and so improve the economic and 
social well-being of the people. 

ICARDA's principal involvement is with rainfed agricultural systems. Investigational work 
may be extended into irrigated areas where it is logical and cost-effective to do so, but the 
policy of the Center remains to give first place to the problems of the rainfed sector, which 
has always tended to be at or near the bottom of any research priority list for the region. 

The ICARDA region extends from Morocco in the west to Pakistan in the east. From Turkey 
in the north it stretches south to the northern provinces of the Sudan. It includes Cyprus and 
Afghanistan and comprises 22 individual countries with a total population of more than 
300 million people. Food shortages, intensified by current political tensions, are a continuing 
fact of life throughout the region. In spite of considerable mineral wealth in a few of the 
countries, the region remains a major food deficit area. 

Within the framework of working towards increasing agricultural productivity, the Center 
has five principal objectives: 

(1) Conduct research into and develop'improved cropping, livestock and crop-livestock 
systems. 

(2) Serve as an international center for the improvement of barley, lentils and faba beans 
(Vicia faba) and such other crops as may be designated by the Board of Trustees in 
consultation with the Consultative Group on International Agricultural Research (CGIAR). 

(3) Serve as a regional center, in cooperation with other appropriate international agri- 
cultural research centers, for research in other crops of major importance to the region, 
such as wheat in collaboration with CIMMYT and chickpeas in collaboration with ICRISAT. 

(4) Collaborate with and foster cooperation and communication among other national, 
regional, and international institutions in the development, adaptation, testing, and demon- 
stration of improved crops and farming and livestock systems. 

(5) Foster and support training in research and other activities in furtherance of its objec- 
tives. 

To achieve its objectives, ICARDA is organized into five main programs: Farming Systems 
Research, Cereal Crops Improvement, Food Legume Improvement, Forage and Pasture 
Crops Improvement, and Training and Communications. 
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FOREWORD 

0 ver its first five years, ICARDA has grown to become a recognized lnternational Re- 
search Center in West Asia and North Africa-the region which it seeks to serve. From 

its bases in Syria and Lebanon, the Center's activitfes have spread out to include most 
of the 22 countries in its region. ICARDA has been providing substantial support for the 
efforts of the national research programs through the distribution of improved crop germ- 
plasm and other breeding material, training, exchange visits of scientists, conferences and 
seminars, information and documentation services, and increasingly through direct co- 
operative research activities. 

This publication presents the main research findings of ICARDA in 1981, a year which 
also saw several significant changes in personnel and in the structure of the Center. On June 
30, Dr. Harry S. Darling retired from his post as the first Director General, a position he 
had held since 1977. Also during the year, Dr. Heinrich Weltzien, the Director of Research, 
left ICARDA to return to the Plant Protection Institute in Bonn, West Germany. He was 
succeeded late in the year by Dr. Peter Goldsworthy who was previously leader of the 
grain legume program at the lnternational Institute of Tropical Agriculture (IITA) lbadan, 
Nigeria. Two other senior appointments will soon be effective: Dr. Geoffrey Hawtin-former 
Food Legume Program Leader in ICARDA-will fill the position of Deputy Director General 
(International Cooperation), and Mrs. Joan Joshi of the lnternational lnstitute of Education 

IE) New York will become Director of Administration. 
Another major change in 1981 was the decision of the Board of Trustees in April to move 

ain ICARDA office from Beirut in Lebanon to Syria. Now most of the scientists and 
entered at ICARDA's main site at Tel Hadya, about 30 kms south of 

s from Beirut to Aleppo and from the city to the site have improved the 
enter and reduced expenses. Most of the offices and laboratories of 

Hadya are still located temporarily in buildings intended ultimately for different purposes, 
ding construction of more permanent buildings on the main site. During 1981, the first 
stantial contributions were pledged in support of the development of permanent buildings. 

r lnternational Development agreed to provide a grant of $3.165 million 
buifd the first permanent laboratory complex, and later in the year the lnternational Fund 

Development (IFAD) pledged a grant of $3.5 million for constructing the 
nd communications building. ICtlRDA. is deeply, grateful. to both of these 
r their very generous support Already our traditional donors (listed in this 

have expended some $50 million in the ICARDA capital and operational pro- 
t of which went to develop our principal station at Tel Hadya. ICARDA and the 
a singular measure of gratitude to them. 

1981, a Digital Equipment Corporation PDP 11/34 computer was installed at 
.ce in Aleppo. Although of only limited capacity, its acquisition gave ICARDA 

ansion in its computing power. However, the full needs'of the Center will 
until the installation of the VAX 11/780 main computer which is scheduled in 

I new cooperative ventures were launched during the year. In an effort to strengthen 
llaboration with the national programs in North Africa, and particularly with Tunisia, a food 



legume breeder was posted to Tunis to join the ICARDA barley pathologist already stationed 
there. These scientists work alongside their counterparts in the national programs and form 
an effective link between the research in North Africa and that back at the main 1CARDA 
Center. 

Links with our host governments in Syria and Lebanon were also strengthened in 1981. 
An agreement was signed between ICARDA and the Syrian Ministry of Agriculture to under- 
take a collaborative research project. As a result, more than 200 joint trials on cereals. 
food (egumes, and forages were sown in the latter part of the year. They were planted 
at all the main research stations in the country, and ICARDA has assigned a senior scientist 
to coordinate the projects on a full-time basis. 

lCARDA sponsored a conference on crop production at Chataura, Lebanon in December. 
It was attended by many scientists from different organizations in Lebanon and from ICARDA. 
The action recommendations of the conference will form the basis of the Center's future 
collaboration with Lebanese scientists. 

A small collaborative research project on cereals was also started at Quetta in Baluchistan 
Province of Pakistan. From this beginning, it is planned to develop a more comprehensive 
project to serve the needs of that area. 

The joint ICARDAIICRISAT chickpea program was expanded in 1981 by the posting of 
a senior pathologist by ICRISAT to Aleppo to work with the lCARDA breeder on the im- 
portant research on Ascochyta blight. Two other sister institutions-CIMM YT and IBPGR- 

Iso continued their much valued support on breadwheat and genetic resources. Many other 
and special projects were started in 1981, and some continued to function 

earlier years. The details are outlined in this annual report. 
e research results and other activities described in this publication would not have been 

the support given by the Consultative Group on International Agricultural 
IAR) and by the many international, regional, and national donors who have 

usly to the Center. To all we express our most sincere thanks. 
eport is the first of its kind that ICARDA has produced. Earlier documents- 

e same title--portrayed highlights and summaries of work covered in the respective 
ears. The contents stem primarily from program and project documents prepared for our 

of 1981. A great deal of editorial work went into those documents in an 
vor to obtain a measure of uniformity in presentation. Several staff members con- 
d to this arduous exercise, particularly the Program Leaders and the Deputy Director 

(Research). The.fina1 editing was done by Dr. Geoffrey Hawtin. A word of grati- 
goes to our consultant Professor William Ward of Cornell University for supervising 
ent through the printing stages. 

ur hope that this publication will be a source of useful information on ICARDA's 
earch programs and progress. As a first attempt, it was a hard exercise to com- 

and we know already how to make notable improvements in future reports. But I 
stly seek your views and criticisms so we may take them into account as we proceed 

to prepare future Annual Reports. 1 

I Mohamed A. Nour 
Director General 

VI I  
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FARMING SYSTEMS RESEARCH 

Introduction 

clentlsts at ICARDA have a commitment to develop appropriate technologies which, when S.' ' 
~ntegrated into existing farming systems, will increase the quality and quantity of food. It is 

intended that this will improve rural well-being and the quality of life in  the region, particularly 
for farmers of low resources and small areas of land. The Farming Systems Program seeks to 
find strategies that will add stability to and improve the farming systems in the region, by 
increasing the technical and economic efficiency of the available resources, with particular 
emphasis on soil and water, combined with improvements in crop and livestock husbandry. 

The ICARDA region is large and diverse and 
contains many different farm systems, and im- 
provements in these systems are necessarily 
location specific. One major long-term objective 
of the Farming Systems Program is to develop 
methodologies that can be used to increase agri- 
cultural productivity in particular agro-climatic 
and socio-economic areas rather than to develop 
a new production system or technology with wide 
applicability and/or adaptability. 

A second long-term objective, of equal impor- 
tance, is to expose scientists in the region to 
farming systems research, including the method- 
ology developed in the Program, and to train 
them to use it. Currently the Program is re- 
fining and testing methodologies under the agri- 
cultural conditions in Syria, where a set of pro- 
duction strategies for improving productivity in 
different rainfall zones is being considered. 

FOUR STAGES. The research of the Farm- 
ing Systems Program is perceived as a process 
of four stages: 

(1) Diagnostic stage represents an initial and 
recurring process in which a complete system 
is studied to understand the socio-economic 
as well as the agro-climatic environment sur- 
rounding agricultural production, and to identify 
constraints to, or potential areas for, increasing 
agricultural productivity. 

(2) Design or experimental stage when sci- 
entists conduct research on problems identi- 
fied in stage 1 on research stations, sub- 
stations, or farmers' fields, in an effort to find 
one or more feasible solutions or strategies 
that will improve agricultural production. 

(3) Testing stage in which promising strate- 
gies developed in stage 2 are tested under 
farmers' conditions, with production decisions 



At the diagnostic stage. the Farming Systems program seeks production and socio-economic information from farmers 
and their families. 

being made initially by the scientist and farmer. exists in Aleppo Province, and the four 10 ha 
Trials managed wholly by the farmers them- sites were established at Jindiress (long-term 
selves are then undertaken. average rainfall 479 mm), Kafr Antoon (444 mm), 

(4) Extension stage involves the diffusion of Brida (278 mm), and Khanasser (215 mm). 
successful technolooies. Grade A meteorolooical stations have been - 
This process is dynamic and iterative, since it 

is frequently necessary to return to earlier stages 
to clarify points as knowledge is gained, prob- 
lems confronted, and research alternatives con- 
sidered. The boundary between stages is not 
sharply defined, as there is much overlap and 
several stages can be studied simultaneously. 

In essence, Farming systems research can be 
seen as an effort to find new solutions to pres- 
ent agricultural development problems in situa- 
tions where old solutions have been found to be 
less effective than desired. 

set up at each location. (See data for 1980181 
season at the end of this section of the Annual 
Report.) The sites are divided into four 2.5 ha 
blocks which are farmed in a rotation typical of 
the environment they represent, enabling trials 
on cereals, grain, and forage legumes to be con- 
ducted on land in the correct rotational se- 
quence. A detailed description of the manage- 
ment and soils of these stations is given in 
ICARDA Project Report No. 3 entitled, "Soil 
Water and Nutrients Research 1979-80." 

In addition to Tel Hadya, almost all the cropping 
research work of the Farminq Systems Program, 
as well as much of the work reported by bther AND DESCR'PT'ON OF programs, was conducted at these four sites. 

CROP RESEARCH LOCATIONS. In order - ~ 

that the interactions between crop, crop manage- 
ment, soil type, rainfall, and other environmental 
variables could be properly investigated, four Barley Agronomy Studies 
major off-station research sites were established 
on a semi-permanent basis in 1979. Advantage Agronomy trials were carried out during 1981 
was taken of the steep isohyetal gradient which at five sites in northern Syria (Khanasser, Brida, 



Ha~estiI Ig a barley agronomy trial at Brida. Syria. 

Tel Hadya, Kafr Antoon, and Jindiress). They 
were a continuation, with modifications, of the 
previous year's trials, the results of which are re- 
ported in detail in ICARDA Project Report No. 3. 
The main trial was a study of the effect of two 
sowing methods, in combination with different 
rates of seed, nitrogen, and phosphorus. In a 
second experiment, the residual effects of phos- 
phorus applied in a trial in the previous year 
were measured. 

Sowing Method x Nitrogen 
x Phosphorus Trial 

At each site, two replicates of a split plot, 
modified central composite factorial design were 
laid down. The sowing method treatments formed 
the main blocks, and within blocks there were 

16 treatment combinations of seed rate, nitrogen, 
and phosphorus as shown in Table 1. The effects 
of the treatments on yield components grain and 
total dry matter production are shown in Tables 
2, 3, and 4, with Tables 3 and 4 being in the 
form of regression equations. These equations 
were used to predict the values for the yield 
components at three levels of each of seed, ni- 
trogen, and phosphorus (Tables 5 to 7) .  

During growth, it was observed that the higher 
seed rates caused earlier and more serious 
lodging at the three wetter sites (Kafr Antoon, 
Jindiress, and Tel Hadya) but there was little or 
no lodging at Brida and Khanasser. Nitrogen 
showed similar though less clear-cut effects, 
while phosphorus did not appear to affect lodg- 
ing. Higher seed rates accelerated the attain- 
ment of full ground cover. Unfertilized treatments 



Tabk 1. Summary of the treatments applied in the seed, nitrogen, and phosphorus 
rate Mals. 

g s  a ~ g g ? e q r s ? ? g ?  
2-2 t i t ioooooooooo  

Treat, Treatment matrix Treatment applied (kglha) N applic, time 
no. S N P Seed Nitrogen Phosphate Planting Top dress 

"?=?-!@! 
1 1 -1  -1  60 30 30 10 20 r n m m z m o c - d o n c m  - * * * I  
2 -1  -1 1 60 30 90 10 20 
3 -1  1 - 1  60 90 30 XI 70 
4 - 1  1 1 60 90 90 20 70 
5 1 -1  -1  120 30 30 10 20 
6 1 - 1  1 120 30 90 10 20 
7 1 1 -1  120 90 30 20 70 

90 20 70 8 1 I 1 120 90 
9 - 2  0 0 30 60 60 20 40 

10 2 0 0 150 60 60 20 40 

DRILLING. Table 2 shows that on average 
drilling increased grain yields by 0.4 tiha-a 
gain of 13.9% over hand-sowing. In the previous 
season, drilling gave yields of 0.24 Vha or 9% in 
excess of yields from hand-sowing. The largest 
increases were obtained at Kafr Antoon and Tel 
Hadya, while smaller increases occurred at the 
two drier sites. The yield differences were due 
mainly to more kernelslspike in the drilled plots. 

were retarded at Jindiress, Kafr Antoon, and a 
2 

Khanasser, while phosphorus advanced maturity 0 

by seven to ten days at most sites. Low seed z 
rates without fertilizer gave slower early growth, P 

z and these treatments gave lower yields than other - 
5 treatments. 

SEED RATE. Increasing the seed rate had 
the following significant effects: 

.zzF 
0 -2 

- 
g z  

lncreased the number of emerged plants, 
the number of tillers and the number of 
spikes, and reduced the number of tillers1 
plant and the number of spikesltillers. 
Decreased kernel weights at four sites, and 
reduced the kernel numberlspike. 
lncreased the kernel numberslha at the two 
driest sites, and reduced them at Tel Hadya. 

% % & ~ ~ ; ~ ? ~ ~ % &  
r i t i r i t o t N N - - N ,  

~ k a q q q ~ q q q - ?  
f ~ ~ - s s ~ ~ , , ~ , ~ , a s  ( O ( O r n b Y ) y I t ( O  

z+ -s - 
3 e  
gg 
V) 
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X Z Z Z % g Z Z % 3 Z S  - 
",,-oqoqqq-yqkq 
rid- NONONOMWZ' ;S ;SW - L O - -  

11 0 - 2  0 90 0 60 0 0 .z 
12 0 2 0 90 120 60 20 100 ~ 2 2  
13 0 0 - 2  90 60 0 20 40 
1 4 0 0 2  9 0 6 0  120 20 40 Z 
1 5 0 0 0  90 60 60 20 

0 
40 3 

16 -2  - 2  - 2  30 0 0 0 , 

s e 
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Tabk 3. Effects of seed rate, nitrogen, and phosphorus on grain yields of barley (Vha). 

Regresston Individual sites 

mems. Jindiress K. Antmn Tel HaUya Bflda Khanasser 

Adj. mean 3.83 4.37 3.61 2.40 1.71 
S 0.01 -0.03 -0.15" 0.11"' 0.12"' 
N 0.29"' 0.19" -012' - 0 . 1 P  -0.01 
P 0.15"' 0.16" -0.03 0.26"' 0.22"' 
S.N 0.01 0.08 -0.06 -0.01 -0.07 
S P -0.01 -0.07 -0.07 0.05 0.03 
N P -0.01 -0.W 0 . 0 9  0.01 0.04 
S2 -0.01 0.02 0.07 -0.03 -0.01 
N2 -0.01 0.02 0.07 -0.03 -0.01 
PZ -0.06 0.05 0.09 -010 -0.08 

Analysis of variance-Mean square and F-tesl significances 

Source d.1. 
Blocks 1 0.02 0.16 4.54 0.70 0.14 
Methods 1 0.56 15.18' 4.36 0.59 0.19 

~~ ~~~ 

Error 1 1 0.03 0.06 0.19 0.17 0.01 
Sub Tmt Regm 9 0.88"' 0.54' 0.36' 0.72"' 0.51"' 
Sub lack of fit 6 1 .05"' 0.64" 0.32 0.75"' 0.59"' 
SubxMain Regm 9 0.05 0.17 0.09 0.06 0.07 
Sub Lack 01 B1 6 0.02 0.07 0.09 0.06 0.03 
Error 2 30 0.10 0.18 0.16 0.05 0.06 
TOTAL (M.S.) 63 (0.29) (0.50) (0.32) (0.24) (0.17) 

Tabk 4. Effect of seed rate, nitrogen, and phosphotus on total dry matter yields of barley (tiha). 

Regression lndivdual sites 

Ccelfls. Jlndiress K. Antmn Tel Hadya Bnda Khanasser 
Adi. mean 9.16 11.27 8.97 7.74 4.05 

Analysis of vanance-Mean square and F-test significances 

Source d.1. 

Blocks 1 0.11 0.15 1.31 4.22 0.15 
Methods 1 11.57 80.67 31 8 2  3.30 0.02 

~ ~ - -  

Error 1 1 0.23 0.24 11 7 5  0.41 0.01 
Sub Tmt Regrn 9 8.88"' 9.72 1.79' 9.62"' 3.62"' 
Sub Lack of fit 6 7.84"' 8.71 3.19" 9.78"' 3.18"' 
SubxMain Regrn 9 0.45 1.57 1.02 0.22 0.49 
Sub Lack ol lit 6 0.28 1.07 2.10' 0.29 0.24 
Error 2 30 0.82 1.50 0.70 0.87 0.35 
TOTAL (M.S.) 63 (2.68) (4.55) (1.95) (2.89) (1.08) 



m Table 5. Predicted yield parameters for low, medium, and high seed rates in five seed rate, nitrogen, and phosphorus trials on barley.' 

Treat- Emerg. Kernel Wt.1 Grain Total 
ment plants Tillers1 Tillers Spikes1 Spikes1 Spikes Kernekl no. kernel yield dry M. Hawest 

Site level2 (M.!ha) plant (M.lha) till plant (M.lha) spike (Mlha) (Mg.) (Vha) (Vha) index 

Jindiress L 0.54 6.24 3.37 0.69 4.30 2.32 35.0 81.1 47.2 3.83 9.16 0.42 
M 1.56 3.1 1 4.85 0.61 1.90 2.96 28.0 82.9 46.2 3.83 9.16 0.42 
H 2.58 2.10 5.41 0.62 1.29 3.34 24.8 82.9 46.2 3.83 9.16 0.42 

Kafr Antoon L 0.56 7.57 4.24 0.68 5.14 2.88 31.7 91.4 47.8 4.37 11.27 0.39 
M 1.52 3.55 5.39 0.63 2.24 3.41 29.1 99.1 44.1 4.37 11.27 0.39 
H 2.48 2.53 6.27 0.60 1.51 3.75 26.1 98.0 44.6 4.37 11.27 0.39 

Tel Hadya L 1.03 4.45 4.58 0.67 3.05 3.14 33.7 105.9 39.3 4.16 8.97 0.46 
M 1.53 3.59 5.49 0.63 2.25 3.44 28.9 99.4 36.3 3.61 8.97 0.40 
H 2.03 3.52 7.15 0.58 2.06 4.18 23.5 98.4 36.4 3.58 8.97 0.40 

Brida L 0.53 7.91 4.19 0.50 3.92 2.08 29.2 60.8 33.7 2.05 5.96 0.34 
M 1.65 3.62 5.97 0.45 1.61 2.66 26.8 71.2 33.7 2.40 7.74 0.31 
H 2.77 2.64 7.31 0.45 1.18 3.27 22.7 74.2 33.7 2.50 7.47 0.33 

Khanasser L 0.96 4.18 4.01 0.43 1.81 1.74 22.6 39.3 36.6 1.44 3.28 0.44 
M 1.52 3.90 5.93 0.36 1.42 2.16 23.0 49.7 34.4 1.71 4.05 0.42 
H 2.64 2.67 7.04 0.41 1.10 2.91 20.0 58.1 32.7 1.90 4.62 0.41 

'These predictions are for rhe middle rates of N & P $ ,  i.e., 60 hglha. 
2Treatment levels for seed rates, hglha: Low = 30, Med. = 90, High = 150. 

Table 6. Predicted yield parameters for low, medlum, and high nitrogen rates in five seed rate, nitrogen, and phosphorus trials on barley! 

Treat- Emerg. Kernel Wt.1 Grain 
men1 plants Tillersi Tillers Spikes1 Spikesi Spikes Kernels! no. kecnel yield 

Site level2 (M.lha) plant (M./ha) till plant (M.lha) spike (M.!ha) (Mg.) (Vha) 
Jindiress L 1.56 2.38 3.72 0.52 1.24 1.94 29.9 58.1 48.2 2.80 

M 1.56 2.1 1 4.85 0.61 1.90 2.96 28.0 82.9 46.2 3.83 
H 1.56 2.94 4.59 0.72 2.10 3.29 26.8 88.1 45.2 3.98 

Kafr Antoon L 1.52 3.55 5.39 0.51 1.81 2.75 29.5 81.1 47.5 3.85 
M 1.52 3.55 5.39 0.63 2.24 3.41 29.1 99.1 44.1 4.37 
H 1.52 3.55 5.39 0.63 2.24 3.41 30.6 104.3 44.3 4.62 

Tel Hadya L 1.53 3.59 5.49 0.63 2.25 3.44 28.9 99.5 41.9 4.17 
M 1.53 3.59 5.49 0.63 2.25 3.44 28.9 99.4 36.3 3.61 

Total 
dry M. Harvest 
(Vha) index 
6.46 0.43 
9.16 0.42 

10.36 0.38 
11.27 0.34 
11.27 0.39 
11.27 041 
8.97 0.46 
8.97 0.40 -~ ~ ~~ ~ ~ ~ 

H 1.53 3.59 5.49 0.63 2.25 3.44 30.7 105.7 34.9 3.69 8.97 0.41 
Brida L 1.65 2.89 4.77 0.56 1.61 2.66 23.1 61.4 36.8 2.26 7.74 0.29 

M 1.65 3.62 5.97 0.45 1.61 2.66 26.8 71.2 33.7 2.40 7.74 0.31 
H 1.65 3.65 6.03 0.44 1.61 2.66 21.4 56.9 32.5 1.85 7.74 0.24 

Khanasser 1 1.52 3.90 5.93 0.36 1.42 2.16 23.0 49.7 34.4 1.71 4.05 0.42 
M 1.52 3.90 5.93 0.36 1.42 2.16 23.0 49.7 34.4 1.71 4.05 0.42 
H 1.52 3.90 5.93 0.36 1.42 2.16 n.0 49.7 34.4 1.71 4.05 0.42 

'These predictions are for the middle rates of seed (90) and P,Os (60 hglha). 
'Treatment levels for nitrogen. hglha: Low = 0, Med. = 60, High = 120. 



lncreased yields at two driest sites, de- 
creased them at Tel Hadya, and had no ef- 
fect at the two wettest sites. 
lncreased total dry matter produced at the 
two driest sites and had no effect at the three 
wettest places. 

These results conform well with those obtained 
in the previous season in the seed rate x nitro- 
gen trials at the same locations. 

NITROGEN. lncreasing the nitrogen applica- 
tion rate had the following significant effects: 

lncreased the number of tillers at two sites 
(and had the same tendency at the other 
three), increased the numbers of spikes1 
tiller at the two wettest sites and decreased 
them only at Brida. 
lncreased the spike numbers at the two'wet- 
test sites only. 
Decreased kernel weights at all sites except 
the driest one, and increased kernel number 
at the three wettest sites, having little effect 
at the dry sites. 
lncreased grain yields at the two wettest 
sites, but decreased them at Tel Hadya and 
Brida, and had no effect at Khanasser. 
lncreased dry matter produced only at the 
wettest site. 

Compared with the yield responses in the 
previous year's trials at these sites, nitrogen had 
a smaller positive effect at the two wetter sites. 
Again, it had a negative effect at Tel Hadya and 
Khanasser. The significant negative response at 
Brida contrasts with a good positive response in 
the previous season. 

PHOSPHORUS. lncreasing the phosphorus 
application rate had the following significant 
effects on the directly measured parameters: 

lncreased stem and spike numbers at all 
sites and decreased the number of spikes1 
tiller at the wetter sites. 
lncreased kernel weights at Jindiress and 
decreased them at Kafr Antoon and Khan- 
asser (and non-significantly at Tel Hadya). 



8 lncreased kernel numbers at all sites except 
Tel Hadya. 

8 lncreased grain yields at all sites except Tel 
Hadya. 

8 lncreased total dry matter produced at all 
sites except Kafr Antoon. 

Table 8 shows that the response of barley to 
phosphate application at Brida was very profit- 
able. The benefit-cost ratio of using 60 kglha 
of phosphate was 2.55. This is solid evidence of 
the economic, as well as agronomic, potential of 
phosphate in barley production. 

Table 8. Pat i l l  budget for phosphate application on barley 
at Brida (1980i81 season). 

Okg PzOs 60 kg PzO~ 

INCOME 
Grain yield (tons) 1.47 2.40 
Grain revenue (SL) 882. 1,440. 
Straw y~eid (tons) 2.34 5.34 
Straw revenue (SL) 468. - 1,068. - 
TOTAL REVENUE (SL) 1,350. 2,508. 

EXPENSES (SL) 
Feafizer 
P20, x price - 130 
Labor for application - 10 
Credit - 13 
Hawesting 
Labor, equipment, 

transport bags, etc. - - 173 

TOTAL CHANGE IN EXPENSE 0 326 
NET BENEFIT (SL) 1,350 SL 2,182 

SL: Syrian Lira 
Cost of PpO< 2.17 SL per kg. 
Price of barley grain: 0.70 SL per kg. 
Price of barley straw: 0.20 SL per kg. 
Labor for broadcasting: 70.00 SL per 120 k g  of TSP fertilizer. 
Both frlals received 60 k g  of N at a seed rate of 90 k g  
Beecher barley. 

Residual Phosphate Trial 

A uniform crop of barley was planted on the 
plots where the time of nitrogen application x 
phosphorus trial had been laid down in the pre- 
vious season. The aim was to obtain data on the 
residual phosphorus responses. No phosphorus 

was applied in 1981, except at Tel Hadya where 
the plots were in a field given an overall phos- 
phorus application. Yields alone were measured 
in the second year. The responses (in tlha) to 60 
kg of P205 applied in the first year are shown 
in Table 9, along with the residual responses 
in the second year, the cumulative effects, and 
the response per kg of P205. 

The negative response at Tel Hadya is anom- 
alous and at present inexplicable. However, the 
responses at the other four sites were very simi- 
lar to those of the previous year and indicate 
that residual responses are very large. This has 
considerable implications for the economics of 
phosphorus use, particularly in areas like Khan- 
asser. 

Cereal Physiology, 
Water Use, 
and Soil Nutrients Research 

To provide a greater understanding and to help 
characterize the major fertilizer x site x cereal 
yield interaction so clearly demonstrated in the 
agronomy trials, detailed studies were under- 
taken on the growth, water use, and nutrient 
dynamics of fertilized and unfertilized wheat (at 
Tel Hadya) and barley (at Brida). 

The major objective of this work is to study 
in detail the effect of fertilizer (60 kglha of N & 
P,O,) on the growth, water use, and nutrient u p  
take of cereals at the two contrasting locations. 
Nitrogen fertilizer (ammonium nitrate) was tagged 
with '5N to assess both fertilizer use efficiency 
and to follow the dynamics of applied nitrogen 
in both the plant and soil. Crop green area and 
dry matter production were measured by weekly 
sampling, and crop moisture use was followed 
using the neutron probe technique. Nutrient 
dynamics under fallow land were also measured 
to help interpret the parallel studies under 
cropped land. 



Tnbk9. Responsesot barley over two seasons to 60 kg P,& 
qplied In the first season. 

- . -  
appiled In ' 1 9 7 h  season 

Sites: Jindiress K. Antoon Tel Hadya Boda Khanasser 

1979180 season .20 32 .24 .32 $4 
1980!81 season .28 .30 .76 .24 44 . . . . . . . 
TOTAL 48 62 - 56 128 
kg barley per 

1 kg P Z ~ S  8 10.3 - 9.3 21.3 

Results of Crop Physiology Studies 

The yield components of wheat at Tel Hadya 
and barley at Brida are given in Table 10. Radi- 
ant energy interception and efficiency of conver- 
sion data are reported in Table 11. Green area 
development curves are given in Figures 1 and 
2. In the vegetative and early reproductive 
phases, fertilization gave greater canopy de- 
velopment and thus higher radiant energy inter- 
ception, resulting in approximately 30% more 
productive tillers. Grain numbers per hectare are 
generally determined in the four-week period 
before anthesis. Radiant energy interception in 
this period was considerably higher in the fer- 
tilized treatments (Tel Hadya 80 to 95% Brida 
44 to 77%) than in the unfertilized treatments 

Measuring the soil moisture status and water use of bar- 
ley with the Neubon Probe technique. 

(Tel Hadya 60 to 80% Brida 33 to 55%). This 

Table 10. Companents of yield of a w l s  at Brida (barley) and Tel Hadya (wheat) for 
lertilized and unfertilized crops. 

Brida Tel Hadya 
Fn' F+? Fn F t , "  . . . - 

Seed yield (kg!ha) 1720 2130 3560 3770 
Above ground dfy maiter 

productim (kgiha) 3550 4940 9460 10830 
HaNeSl index 0.486 0.433 0.379 0.350 
1000 grain weight (gin) 38.1 32.5 34.8 31 5 
Spikes!m2 173.1 231.7 268.2 340.8 
Seeds:spike 26.1 28.4 38.1 35.1 
Seedsrm2 4518 6568 10228 11976 
E, (Germ. Maturity)(mm) 250 248 360 375 
WUE (T.D.M. kgihafmm) 14.2 19.9 26.3 28.9 
WUE (Seed yield kghalmm) 6.9 8.6 9.9 10.1 

'F, = Unfetiilized. 
' F +  = 60 kg Nlha and 60 kg P,O,iha. 



Table 11. Radiant energy interception and efficiency of conversion into dry matter at 
crop maturity in wheai (Tel Hadya, TH) and barley (Brida, BR). 

Average rate Average efficiency 
Seasonal Propodion of of mnversmn of mnversion 

interception of incoming radiant ol intercepted of intercepted 
radiant energy energy radiation radiation 

(MJ) intercepted (sIMJ) ("10) 
TH 

t Fed. 1056 0.498 1.12 2.0 
TH 

0 Fert. 044 0.384 1.14 2.0 
BR 

t Fed. 785 0.369 0.79 1.4 
BR 

0 Fed. 486 0.217 0.91 1.6 

higher interception resulted in increases of 17% 
(Tel Hadya) and 45% (Brida) in grain number1 
hectare. 

Radiant energy interception at Tel Hadya by 
the wheat crop was greater than that by barley 
at Brida. The seasonal average efficiency of 
conversion of intercepted radiant energy was 
largely unaffected by fertilization but was higher 
in wheat at Tel Hadya (2.0%) than in barley at 
Brida (1.5%). 

Plant water potentials in the post anthesis 
phase were very low at both sites in the fertilized 
treatments. Values lower than -4.0 MPa were 
common in the diurnal cycle. Unfertilized treat- 
ments gave values up to 1.5 MPa higher. Photo- 
synthetic activity in the grain filling phase was 
seriously inhibited in the fertilized treatments. 
This difference was exaggerated by a combina- 
tion of early maturity in fertilized treatments and 
very late rains which enabled photosynthesis to 
continue for longer in the unfertilized treatments, 
resulting in higher 1000 grains weights. 

Overall, fertilization gave seed yield increases 
of 24% at Brida and 6% at Tel Hadya (Table 10). 

Results of Soil Moisture Studies 

The soil profile moisture recharge and dis- 
charge patterns are given in Figure 3 and crop 
moisture use (E,) and water use efficiencies in 
Table 10. In Figure 3, the dotted line on the pro- 

file discharge graph indicates the moisture status 
at the start of the 1980181 season before any 
rainfall. It can be seen that at Tel Hadya, where 
wheat followed a summer crop of sesame, the 
final levels of moisture at harvest (2815181) with- 
in discrete depth intervals were considerably 
lower than at the start of the season. This indi- 
cates that there was a substantial amount of 
residual available moisture left after the summer 
crop of 1980. The fertilized crop used more (50 
mm) of this moisture than the unfertilized crop 
(35 mrn). At Brida, where barley followed fallow, 
the results indicate that no available moisture 
was stored in the profile at the start of the sea- 
son. 

At both sites, fertilizer application caused 
greater canopy development during vegetative 
growth and hence higher rates of E,. Resulting 
from this greater moisture use prior to anthesis, 
there was less moisture available for crop uptake 
during grain filling and this is reflected in the 
higher plant water potentials and 1000 grain 
weight of the unfertilized treatment. Total water 
use from germination to maturity was little af- 
fected by fertilizer application. 

There were large differences in water use ef- 
ficiency between germination and anthesis, 
ranging from 15.4 to 31.4 kgihairnm. These dif- 
ferences appeared to be related to the green 
area duration at anthesis. During this vegetative 
period of growth, the addition of nitrogen and 



Fertilized 
Unfertilized a 

Quadratic 
l o g C A I  = -7.57 + 0.160t -0 .744  x t 2  (r2 = 0.97) 
QlogCAl = 4 . 8 8 +  0.120t -0 .511  x I' (r2= 0.91) 

Cubic 
lagCAl=-6.25r0.109t - 0 . 1 5 4 ~  1 0 . )  t 2 - ~ . 2 1 0 x   LO-^^ 

(r2 = 0.98) 
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Day8 After Cemimfion ( 1 )  

Fig. 1. Variation in green area index of barley grown at 
Brida under fertilized and unfertilized conditions. 

phosphorus fertilizer increased water use effi- 
ciency. After anthesis, water use efficiencies 
decreased markedly, reflecting both the greater 
internal water stress of the plants during this 
period and the increasing proportion of E, being 
lost through soil evaporation as leaf area de- 
creased due to senescence. 

Fertilizer application increased the water use 
efficiency of grain production of barley at Brida 
but had little effect on wheat at Tel Hadya. 

Results of Soil Nutrient Studies 

SOlL CLASSIFICATION. Soils at Tel Hadya 
(two soil pits) and Brida (one soil pit) were de- 
scribed and classified according to the FA0 sys- 

Quadratic 
logCAI = -9.27 + 0.196t -0 .872  x 10 - 3  t (r2 = 0.93) 

o Lo&GAI = - 8.94 + 0.17St - 0 , 7 6 1  x 1 0  t (r2 = 0.84) 

Z . j a . . , . L 8 ' *  
40 SO 60 70 80 90 100 110 120 130 140 

DzYs After G d t i O n  (t) 

Fig. 2. Variation in green area index of wheat gmwn at 
Brida under fertilized and unlertilized conditions. 

tern and the new US Department of Agriculture 
system. The soil at Brida was classified as 
a Calcic Xerosol (FAO) or Typic Calciorthid 
(USDA). The soils at Tel Hadya were classified 
as Luvisols (FAO) or Aifisols (USDA) transitional 
to Vertisols. One soil was classified as a Vertic 
(calcic) Luvisol (FAO), and one as Chromic Luv- 
isol (FAO). In the USDA-system these soils were 
classified as Chromoxerertic Rhodoxeralf and 
Calcic Rhodoxeralf, respectively. 

SOlL STRUCTURE. The structure of the soil 
at Brida was found to be prismatic below the 
surface horizon. Soil aggregates contained many 
fine pores, and varying amounts of fine roots. 



The relatively high porosity of these soils would 
allow rapid infiltration and an even distribution of 
rainwater, whereas a relatively large proportion 
of the stored soil moisture would be available to 
the crop. The structure of the Tel Hadya soils is 
angular blocky near the surface, and prismatic 
below. Soil aggregates are covered with clay 
coatings, which merge into pressure skins and 
slickensides at depth. Aggregates contain few 
fine pores, and roots are mainly on the surface 
of the structural aggregates. Many of the soils 
form deep cracks in spring and summer, which 

would promote the loss of moisture from the soil. 
Infiltrating rainwater initially would follow the 
deep cracks, and slowly penetrate into the aggre- 
gates. Soil moisture contained in the aggregates 
would be less available to the crop than in 
Brida soils. 

SOIL TEXTURE. The texture of the soils at 
Brida is clay loam in the surface horizon, merging 
into silty clay and silty clay loam at depth. The 
texture of the soils at Tel Hadya is clay through- 
out the profile (Fig. 4). Soils at Tel Hadya are 

Whoat a t  Tel Hrdyr  Bafley at Brida 

cmr \uafer/dopth interval 

Uircharec Recharge Discharge RcchrIgc  

Fig. 3. Soil rnoimre profile recharge and discharge paIterns under wheal al Tel Hadla and barley al Brida in the 
presence (F, ) and absence (Fo) of nitrogen and phospho~s fertilizer. 

14 



15aL clay + silt 

Fig. 4. Clay and silt contents of soils at Tel Hadya (01 and 
Brida (0). 

difficult to cultivate when dry, and the surface 
rises in the rainy season, because of the pres- 
ence of swelling clay minerals. Soils at Brida are 
liable to surface-sealing during heavy rainfall, 
because of their relatively high silt content. 

LIME. Soils at Tel Hadya and Brida are cal- 
careous. Lime contents at Tel Hadya are lower 
than in Brida soils, reflecting the higher rain- 
fall at Tel Hadya, and possibly differences in 
parent materials. Soils at Tel Hadya have a hori- 
zon with redistribution of lime (soft lime spots), 
but no accumulation of lime in the soil profile. 
Soils at Brida have a calcic horizon, with a max- 
imum at 60-70 cm depth, reflecting the average 
depth of infiltration of rainwater. The presence of 
lime in these soils results in a high pH and may 
limit the availability of phosphorus and a number 
of micronutrients, such as zinc and iron. 

pH AND ELECTRICAL CONDUCTIVITY. 
The pH of soils at Tel Hadya and Brida is high, 
due to the presence of lime. The electrical con- 
ductivity (EC) of extracts of soils at Tel Hadya 
was found to be low at all depths, whereas at 
Brida EC increased with depth, due to the pres- 
ence of gypsum. Salt contents of soils at Tel 

Hadya and Brida are not expected to have ad- 
verse effects on crop growth. 

ORGANIC CARBON AND TOTAL NITRO- 
GEN. Organic carbon contents in soils at Tel 
Hadya and Brida are low: 0.4 to 0.6% in the top 
20 cm of the soils. Organic carbon decreases 
more markedly with depth in soils at Brida than 
at Tel Hadya (Fig. 5). Total nitrogen is also low 
at both sites: 0.050 to 0.065% in the top 20 cm 
of the soils. The CIN ratio is quite constant with 
depth at both sites, decreasing from 9.7 to 8.3 
at Brida. and increasing from 7.3 to 8.6 at Tel 
Hadya. The slightly lower C/N ratios in Tel Hadya 
soils cou\d result in more mineral nitrogen being 
released upon decomposition of organic matter. 

Fig. 5. Organic carbon contents of soils at Tel Hadya (0) 

and Brida (.I. 

MICRONUTRIENTS. Soils were extracted 
with a diethylene triamine penta-acetate (DTPA) 
solution for the determination of extractable zinc, 
copper, iron, and manganese. Zinc contents 
were low at both sites (below 0.5 ppm). There- 
fore, zinc deficiencies can be expected to occur 
in sensitive crops. Copper contents are relatively 
high at both sites, and deficiencies would not be 
expected. Copper contents in Brida soils de- 



crease more strongly with depth than in Tel 
Hadya soils. This may reflect a correlation be- 
tween copper and organic carbon in these soils. 
Iron contents are close to 5 ppm at both sites 
and quite constant with depth. Sensitive crops 
may suffer from iron deficiency, since the defi- 
ciency level in soils is approximately 5.0 ppm. 
Manganese contents are rather high at both sites 
and decrease with depth. Manganese deficiency 
would not be expected. 

PHOSPHORUS. NaHC0,-extractable phos- 
phorus contents were found to be low to medium 
in the top 20 cm of the soils and decrease with 
depth to well below 3 ppm (Fig. 6). The defi- 
ciency limit for phosphorus in soil is about 5 ppm; 
i.e. for phosphorus contents below 5 ppm one 
would expect a response to phosphorus fertilizer 
in most crops. The low phosphorus contents of 
Brida soils were confirmed by a significant 
response of the barley crop to phosphorus fer- 
tilizer. The decrease in extractable phosphorus 
with depth at both sites could cause phosphorus 
deficiency late in the season, when the surface 
soil dries out. 

P- Olsen (ppm) 

Fig. 6. Sodium bicarbonate-extractable phosphorus IP- 
Olsen) contents in soils at Tel Hadya lo) and Brida 1.1. 

MINERAL NITROGEN. Potassium chloride- 
extractable nitrogen includes adsorbed (ammo- 
nium) and dissolved (nitrate) forms of nitrogen in 
soil. The sum of ammonium and nitrate (plus 
nitrite) is referred to as mineral nitrogen, which is 
an estimate of plant-available nitrogen. Figure 7 
shows that at harvest in May to June 1980 
fallowed plots were significantly higher in min- 
eral nitrogen than cropped plots at both sites. 
At planting in 1980, the soils at Tel Hadya con- 
tained high amounts of mineral nitrogen (about 
80 kg Nlha in the top 40cm) mainly in the form 
of nitrates. This accumulation of nitrates could 
be due to capillary rise of soil moisture during 
the summer. At Brida the mineral nitrogen con- 
tents at planting resembled those at harvest. The 
difference between curves B and C (in particular 
at depth) may reflect spatial variability. 

At the start of the growing season, most of 
the mineral nitrogen in soils at Tel Hadya and 
Brida was in the form of nitrate-nitrogen. Nitrates 
were leached down with infiltrating rainwater to 
a depth of 30 cm (fertilized cropped plots) to 
50 cm (unfertilized cropped plots and fallow 
plots) at Brida, and to a depth of 60 cm (fertil- 
ized and unfertilized cropped plots) to 110 cm 
(fallow plots) at Tel Hadya. By the end of March, 
most of the nitrates accumulated in soils in 
cropped plots had been taken up by the crop. 

After the onset of the rains, during December 
and January, there was a strong increase in 
ammonium in soils at both sites, as a result of 
mineralization of organic matter. Although nitrifi- 
cation occurred during this period, the rate of 
mineralization exceeded the rate of nitrification. 
During February the amount of ammonium de- 
creased, presumably as a result of nitrification, 
although ammonium may also have been im- 
mobilized in the biomass of the soil, and volatil- 
ization of ammonia may have occurred near the 
soil surface. 

Plants at Brida did not take up appreciable 
amounts of nitrogen from below 60 to 70 cm 
depth, but at Tel Hadya plants appeared to take 
up nutrients from as deep as 150 cm. This ob- 
servation closely reflects the moisture extraction 
patterns given in Figure 3. 



Analysis for soil nitrogen 
using an automatic 
titration unit. 

Mineral Nitrogen (pprn) 

Fig. 7. Distribution of mineral nitrogen with depth in soils at Tel Hadya and Brida. Curves -A" represent the mineral-nitro- 
gen status of cropped plots sampled at harvest 1980 IMayl; at Tel Hadya wheat followed summer crop and at Brida barley 
followed fallow. C u ~ e s  "0" represent the mineral-nitrogen status of fallow plots sampled at harvest 1980; at Tel Hadya 
lallow followed summer crops and at Brida fallow followed lallow. Curves 'C' represent the mineral-nitrogen status of 
plots sampled at planting 1980 (November): at Tel Hadya the land had been under summer crops and at Brida the land 
had been fallowed. 



Physiology, Moisture, 
and Soil Nutrient 

taken at final harvest for key treatments in Tel 
Hadya. The fertilized and unfertilized Mexipak 
croos at Jindiress and Kafr Antoon, together with 

Limitations to Wheat Yield the'fallow, were sampled at monthly intervals as 
Dart of the nitroaen mass balance studv. 

The objective of this experiment was to col- 
lect field data necessary to aid the development 
and calibration of a model of development, 
growth, and yield of spring wheat. This is the 
second year of data collection, and in 1982 the 
Ph.D. student responsible for this trial will work 
at the University of New England (Australia) 
where the model is being developed. 

Three spring wheat varieties of different matur- 
ities were used in the main experiment: Sonalika 
(early), Mexipak (medium), and Novi Sad (NS 
256812, late). They were planted at the following 
sites: Brida (dry, short season), Tel Hadya, Jin- 
diress, and Kafr Antoon (wet, long season). The 
treatments are listed in Table 12. Seed rates for 
the individual varieties were adapted for seed 
weight and seed viability. 

Water use, plant development and crop growth 
were measured at regular intervals during the 
season. Plant samples were taken at anthesis 
and at final harvest to determine nitrogen uptake 
by above ground plant parts. Soil samples were 

' The effects o? temperature and day iength on 
the development of breadwheats were examined 
in another experiment at Tel Hadya in which 16 
varieties (spring, springiwinter and winter types) 
and different planting dates, were studied. 

PLANT DEVELOPMENT. The main experi- 
ment was planted during the last week of No- 
vember except at Brida where planting was done 
in the middle of December. Germination at the 
four sites was initiated by the first significant 
rainfall of the season during the second week of 
December. All crops emerged between Decem- 
ber 25 and January 2, which was 19 days \ater 
than in the 1979180 season. An example of the 
phenological events observed in this experiment 
is given for Tel Hadya in Table 13. Increasing 
temperatures towards the end of the season 
caused a decrease in maturity differences be- 
tween the varieties. The differences ranged from 
21 days at floral initiation to eight days at ma- 
turity. All growth stages of the irrigated crop (W2) 
occurred at about the same date as the previous 

Tame 12. Treatments applied to three breadwheal varietlw (Sonalika, Mexlpak, 
and Novi Sad) at four locations. 

Location TreatmentsB Previous aop 
Brida No 60 kg P' Fallow 

N+ 60 kg P t 60 kg N2 
Tel Hadya No 60 kg P t 30 kg N3 W, no inigation Wheat 

N+ 60 kg P + 120 kg N' W, no irrigaiin 
N+ 60 kg P t 120 kg N' W, 157 mm inigation 
Ni 60 kg P + 120 kg N1 W, 236 mm inigation 
Fallow Wheat 
Fallow Fallow 

Jindiress NG 0 kg P 
& No 60 kg P 

K. Antoon N' 60 ka P t 60 ka NZ - 
Fallow 

Summer crop 

'Phosphate applied at planting. '20 kg at planting and 70 + 30 kg 
ZZO kg at planting and 40 kg top top dressings. 

dressing. %4exipak only. 
Vop dressing. BTreatrnents applied in three repli- 

cations. 



Table 13. The liming of phenological events oi  hfee breadwheal varieties planted at Tel Hadya. 
Smallka Mexipak Novi Sad 

Phenological event Timing' (early) (medium) (late) 

Floral initiation Date 2 Feb. 15 Feb. 23 Feb. 
Days after germinalion 54 67 75 
GDD alter germination 420 530 605 

Heading Date 7 Apr. 18 Apr. 22 Apr. 
Days afler germination 118 129 133 
GDD after germination 1100 1250 1325 

Anthesis Date 13 Apr, 19 Apr. 23 Apr. 
Days after germination 124 130 134 
GDD alter germination 1175 1266 1340 

Maturity Date (resp. W,and Wz) 14 May-21 May 19 May-26 May 22 May-28 May 
Days after germination 155 162 160 167 163 169 
GDD after germmation 1700 1840 1785 1915 1850 1975 

'Time elapsed after germination on December 10, 1980 is expressed in calendar days and growing 
degree days (GDD, accumulated daily mean temperature). 

year, except floral initiation of Sonalika, which 
occurred 12 days later in 1981. The thermal 
lengths (GDD) of the growing periods, therefore, 
were shorter (80-120 GDD) than those of the 
previous season. This suggests that changes in 
day length also influenced the rate of develop- 
ment. 

In an environment where the length of the 
growing season may be limited by temperature 
and moisture availability at both the beginning 
and end of the season, crops will have the poten- 
tial to set at least some grain prior to the onset 
of the end-of-season stresses. Water stress 
shortened that grain filling period by 130 GDD 
(Table 13). Nitrogen stress had a similar effect 
but was only visible at Tel Hadya. There was little 
difference in rate of development between the 
No and N, treatments at the other locations. 
Phasic development was delayed most in the 
treatments without phosphate at Jindiress and 
Kafr Antoon, especially in the early stages of 
crop growth. 

The phasic development of the crops at Jin- 
diress was almost the same as at Tel Hadya. 
In general, this was four to eight days earlier 
at Brida and at Kafr Antoon 10 to 16 days later 
than at Tel Hadya and Jindiress. The period be- 
tween heading and anthesis varied in length from 
zero to seven days, being shortened by water, 

temperature, andlor nutrient stress. Under ex- 
treme conditions the head flowers when only 
partially out of the flagleaf sheath. This oc- 
curred in Brida with Novi Sad and to a lesser 
extent with Mexipak. 

Between germination and floral initiation new 
leaves are initiated at the shoot apex, starting 
with three leaves, the number generally present 
in the embryo of the seed. The rate of leaf ini- 
tiation was similar at all sites for all varieties and 
was 0.01 48 IeaffGDD. Differences in duration of 
the leaf initiation period caused differences in leaf 
number between varieties and between sites. 
Table 14 gives some plant characteristics for the 
crops at Tel Hadya. Leaf number of Sonalika, 
Mexipak and Novi Sad varied between sites from 
7to8.5, 8.8 to 10, and 10.9 to 11.5, respectively, 
with the lowest number at Brida and the highest 
at Kafr Antoon. 

Tillering in Mexipak and Novi Sad at Tel 
Hadya was not as high as in the previous year. 
Sonalika performed slightly better. Tillering 
started slowly, probably because of low nitrogen 
availability in January due to nitrogen fixation by 
the residue of the previous wheat crop. More 
tillers survived in 1981 because of a lower initial 
plant population. The final number of spikes per 
unit area was similar for both years. Few tillers 
survived in the No treatments at Tel Hadya. 



Table 14. Some charactecistlcs of souree and slnk sires from Wee breadwheat varieties gtvwn 
at TeI Hadya. 

Sanalika Mexipak Novi Sad 

source 
Number ol leavesimainslem 7.6 8.0 9.5 9.9 10.1 11.0 
Leaf areamainstem (cmZ) 86 110 114 174 103 208 
Number of visible tillersimainstem 0.7 0.8 0.6 1.2 0.4 1.3 
Surviving tillersrmainstem Wo 0.3 0.7 0.1 0.7 0 0.4 

w z  - 0.8 - 1.0 - 0.7 
Sink 
Number of ylikeletsispike 12.5 14.7 19.5 20.1 22.2 23.3 
Numbr of floretsispike 46 64 80 98 90 116 
Number of fertile florehlspike 27 42 46 63 58 78 
Number of kernelsispike Wo 25 27 30 41 27 36 

W, - 36 42 - 39 - 

The rate of leaf appearance was similar at all 
sites (0.001 1 IeatlGDD), with Mexipak showing a 
slightly lower rate of leaf appearance than the 
other varieties. It is clear from Table 14 that 
longer season varieties develop a larger crop 
canopy, and therefore have a greater photo- 
synthetic area, or "source," than the earlier 
type. 

Initiation of new spikelets was observed in the 
period between floral initiation and jointing. The 
spikelet initiation rate was 0.067 spikelet/GDD 
for Sonalika and Novi Sad. The number of ini- 
tiated spikelets and florets increased with longer 
season varieties. Longer season varieties there- 
fore combine a larger source with a potentially 
larger sink size and thus have the highest yield 
potential. The actual size of the sink is deter- 
mined around anthesis and environmental condi- 
tions (especially temperature) at that stage play 
a crucial role. Not all florets bore kernels. The 
kernel number at harvest was only a fraction of 
the number of kernel sites (florets) that were 
initiated during spike development (Table 14). 
The earlier varieties (Sonalika and Mexipak) 
realized a greater proportion of their yield poten- 
tial than did the late one (Novi Sad). The effect 
was more marked under less favorable condi- 
tions of moisture, temperature and/or nutrients. 

CROP GROWTH AND YIELD COMPO- 
NENTS. Table 15 summarizes some of the 

results of the growth analysis carried out for all 
treatments at the four sites. Ranking of the sites 
according to increasing production under dryland 
conditions is as follows: Brida, Tel Hadya, Jin- 
diress, Kafr Antoon. This is the expected order 
based on climatic characteristics of the sites, 
including a dry, short season at Brida and a wet, 
long season at Kafr Antoon. 

Grain yield of Mexipak at Jindiress and Kafr 
Antoon was reduced by the occurrence of yellow 
rust during part (half and three-quarters, respec- 
tively) of the grain-filling period. The rust was 
more severe at Kafr Antoon than at Jindiress 
and fertilized plots were more affected than 
unfertilized plots. 

Irrigation increased production at Tel Hadya 
slightly above that at Kafr Antoon. Dry matter 
production and grain yields obtained under irri- 
gation were similar to those of the previous 
year at Tel Hadya. Maximum kernel weights 
were almost the same for the two years: Sona- 
lika 46.5146.39, Mexipak 36,2136.69, and Novi 
Sad 47.0138.1 g for 198011 981. These values 
reflect probably genotypic differences in poten- 
tial kernel weight of the three varieties. 

Nitrogen did not increase yields at Brida where 
water was the major limiting factor. Mexipak 
and Novi Sad showed effects of severe water 
stress (Table 15). Dry matter accumulation and 
total water uptake in the No plots were five to 



seven days behind the N, plots early in the sea- 
son, but these differences were not apparent at 
the end of the season. There was a large repli- 
cate variation in the N, in Jindiress, indicating 
that 60 kg N/ha was probably not sufficient to 
obtain maximum yields. 

The crop growth rates (kg/ha/day and kglhai 
GDD, respectively) during the period of stem 
elongation for the NI treatments were: 100 and 

8.1 (Brida), 182 and 5 (Tel Hadya), 177 and 11 
(Jindiress) and 192 and 12.9 (Kafr Antoon). Total 
green area index (GAI) reached a maximum in 
this period, and was 2.5 to 4 (Brida), 4 to 5.5 
(Tel Hadya), 3.7 to 4.5 (Jindiress) and 5 to 6.5 
(Kafr Antoon). 

CROP WATER USE. Measured crop water 
use data are also presented in Table 15. The 

Table 15. Plant growth and wafer use data from Mree breadwheat varieties grown al four sites (Fw treatments applied see Table 12.) 

Sonaka Mexipak Novi Sad 
(early) (medium) (late) 

Location No N, No NI No N, 
Brda W, Total dry matter' (g:m2) 543 543 473 501 520 51 1 

Total grain yield2 (g:m2) 194 191 142 143 136 134 
Harvest index 0.36 0.35 0.30 0.29 0.26 0.26 
10W kernel weight 
Kemelslm2 
Spikeurn2 
Water use3 

Tel Hadya W, Total dry matter 
Total grain yield 
Harvest Index 
1000 kernel weight 
Kernels:m2 
Splkes!m2 
Water use 

WZ Total dry matter 
Total grain yleld 
Harvest index 
I000 kernel weight 
Kernels:m2 
Spikesrm2 
Water use 

Jindiress Wa Total dry matter 
Total gram yield 
Harvest Index 
1000 kernel weight 
Kernels/m2 
Spikes:m2 
Water use 

Katr Antcon Wo Total diy maner 
Total grain yield 
Harvest index 
1000 kernel weight 
Kernelsirn2 
Spikesim2 
Water use 

'Above ground paris. 
2Zero percent moisture. 

planting to maturity date of Novi Sad. 



values reflect the seasonal rainfall at each site: 
Brida 264 mm, Tel Hadya 334 mm, Jindiress 
435 mm, and Kafr Antoon 413 mm. The accumu- 
lative evaporation readings of bare soil were 
similar until the middle of February (Brida, Tel 
Hadya, Jindiress) or early March (Kafr Antoon). 
After that evapotranspiration increased rapidly 
at all sites. 

The depth of water loss due to evaporation 
from fallowed plots at Tel Hadya was 85 cm at 
the end of May and 110 cm at the end of August. 
At harvest time (mid to late May) accumulated 
evaporation from the fallow was approximately 
60% of the accumulated crop evapotranspiration 
at all sites. 

Redistribution of soil moisture was measured 
with a neutron probe and tensiometers in a sat- 
urated profiie covered with plastic. After 144 
days drainage was still occurring over the whole 
profile at the rate of 0.1 mmlday. In early June, 
the plastic cover was removed, resulting in a 
rapid loss of moisture in the upper profiie due 
to evaporation. Drainage from the bottom of the 
profile continued at a rate of 0.15 mmlday. 

NITROGEN UPTAKE. Total nitrogen uptake 
by above-ground plant was determined at har- 
vest. The average nitrogen uptake (kglha) for 
dryland crops under treatment No and NI respec- 
tively was: 50 and 63 (Brida), 36 and 92 (Tel 
Hadya). 45 and 97 (Jindiress). and 79 and 107 
(Kafr Antoon). Nitrogen was applied at 120 kg1 
ha at Tel Hadya and 60 kg/ha at the other sites 
(Table 12). Novi Sad removed slightly less nitro- 
gen than either Sonalika or Mexipak. Irrigation at 
Tel Hadya increased the uptake to 114 kglha. 

An average of 75% of the nitrogen in the plant 
tops was found in the grain. However, in Mexi- 
pak and Novi Sad, which suffered severe water 
stress at Brida, only 65% and 60%,respectively, 
of the nitrogen was present in the grain. 

CONCLUSION. It is clear from the results 
from two seasons that the differences in yield 
and 1000 kernel weight at harvest between the 
three types were not great, despite a large 

difference in yield potential prior to anthesk. 
The degree to which the yield potential is main- 
tained in the reproductive phase can be consid- 
ered as a measure of adaptability of the variety, 
and of the potential productivity of the environ- 
ment. There appeared to be an environmentally 
determined upper limit which is independent of 
variety for the three varieties used. All varieties 
adapted to stress first by a reduction in tiller 
number, followed by a reduction in the number 
of kernel sites on the remaining tillers. The max- 
imum number of kernels/m2 at harvest in dryiand 
plots was between 13,000 and 15,000 in both 
years, and was in the same range for irrigated 
treatments at Tel Hadya even when irrigation 
began before anthesis. 

Growth, Water Use, and Yield 
Physiology of Beecher Barley 

Fertilizer treatments were selected from the 
agronomy work for the close monitoring of 
growth, phenoiogy, water 'use and the deter- 
mination of yield components. Foliar nutrients 
were applied in one of the treatments with the 
aim of increasing nutrient supply to the crop 
during late stem extension. A fallow treatment 
was also included to provide a reference for the 
interpretation of crop water use data. This work 
is the first year of an ongoing Ph.D. research 
program, and the results will be fully evaluated 
at the end of the second year. However, some 
general observations can be made. 

GENERAL RESULTS. The foliar nutrient 
treatment had no significant effects on dry matter 
accumulation or final grain yield at any site. In 
the absence of fertilizer application, the delaying 
effect observed in phenological development 
started in the early stages of crop growth soon 
after emergence,tiller emergence being delayed 
until early spring. 

The final number of kernels per unit ground 
area was largely determined by the time of early 
grain-filling. Fertilizer application boosted the 
maximum number of fertile florets produced per 



unit ground area, principally through tiller de- 
velopment. Final kernel number appeared to be 
largely determined during the rapid phase of 
tiller and floret death in the few weeks leading 
up to early grain-filling. 

At the two drier sites, Brida and Khanasser, 
the increased leaf area development and grain 
yield achieved through fertilizer application 
caused no increase in total water use by the 
crop. However, at Jindiress (the wettest site) 
fertilizer application increased total water use 
as well as grain yield, but still resulted in a net 
increase in total water use efficiency. 

Physiological and Moisture 
Use Studies in Chickpeas 

In the Mediterranean region, winter planted 
chickpeas usually become heavily infected with 
Ascochyta blight which can result in complete 
crop failure. To avoid this severe risk, farmers 
traditionally plant their crop in the spring when 
the warmer, less humid conditions do not favor 
the establishment of Ascochyta blight. However, 
with the selection of blight resistant lines, winter 
planting (and the considerable yield advantage 
this confers) has now become feasible. 

The objective of this research was to investi- 
gate in more detail the interaction between the 
growth and yield of winter and spring sown chick- 
peas and pervailing environmental variables, 
principally moisture supply. A blight resistant 
winter chickpea (ILC 482) with a spreading 
growth habit was planted in winter and spring at 
Jindiress, Tel Hadya, and Brida. In addition, 
another blight resistant line (ILC 72) with an 
erect growth habit was also winter-planted at 
two population levels. Detailed phenological and 
growth measurements were made on all treat- 
ments, coupled with soil moisture and crop 
moisture-use studies. 

PHENOLOGY. Microscopic apical dissection 
revealed that floral induction occurred in cultivar 
ILC 482 approximately 10 to 14 days before it 

occurred in ILC 72. Under the typical cool spring 
temperature conditions experienced in northern 
Syria, this was associated with photoperiodic 
threshold values of 10 hours 57 minutes (ILC 
482) and 11 hours 24 minutes (ILC 72) excluding 
civil twilight. 

CANOPY DEVELOPMENT AND DRY MAT- 
TER PRODUCTION. Crop dry matter produc- 
tion is directly dependent upon the amount of 
radiant energy intercepted by the crop canopy. 
Considerable variations were observed at all 
sites within the peak values achieved by the 
active crop photosynthetic surface (green area 
index, Table 16). In this regard the densely 
planted ILC 72 treatment consistently developed 
its canopy faster, and to a greater extent, than 

Tabk 16. Canopy development and dry matter (DM) 
production of winter sown chickpeas. 

Max.' Max.? 
Green above 
Area ground 
Index DM Prod. DMP ; 

Site (GAI) (t'ha) G AI 

Jind~ress 
ILC 482 4.7 7.9 1.69 
ILC 72 4.4 7.2 1.64 
ILC 72 (Dense)' 5.4 9.1 - 1.68 

mean 1.67 
Tel Hadya 
ILC 482 2.6 3.6 1.38 
ILC 72 1.9 3.3 1.74 
ILC 72 (Dense)' 3.0 4.7 - 1.56 

mean 1.56 
Brida 
ILC 482 1.7 2.5 1.47 
ILC 72 1.3 1.9 1.46 
ILC 72 (Dense)' 1.9 2.7 - 1.42 

Mean 1.45 

' =  stand density approximately 6W,000 pllha. 
'= Values extracted from curves titied by hand. 

standard density plantings of either cultivar. At 
the standard density the spreading cultivar ILC 
482 generally achieved higher values than the 
erect cultivar ILC 72. However, it was only at 
Jindiress that there was an effective canopy 



cover. Green area index values need to be 
greater than 4 for canopies to approach full 
closure. 

Maximum dry matter production values (Table 
16) reflect these trends in canopy development. 
However, the differences in proportion between 
maximum green area index and maximum dry 
matter production values for Jindiress (max. 
DMP = approx. 1.67 max. GAI) and for Brida 
(rnax. DMP = approx. 1.45 GAI) suggest that 
a reduction in the efficiency of conversion of 

intercepted radiation into dry matter may have 
occurred. 

EVAPOTRANSPIRATION AND WATER USE 
EFFICIENCY. Accumulated evapotranspiration 
data for selected dates are presented in Table 
17. Evapotranspiration and evaporation from 
bare soil were similar until mid-March. Thus 
growth of the winter planted crop up to that 
date was "free" in terms of moisture use when 
compared with the traditional spring sown crop. 

Table 17. Accumulated water use by spring and winter planted chickpea at three l%ations in northern Syria (mm. germination-maturity). 
Jindiress 

Maturity Total+Et. WUE WUE 
Treatment 27l1 4i2 513 814 115  116 14/6 dale Germ. Mat. 
ILC 72 

(Dense)' 89 99 142 231 390 443 454 316181 445 18.83 7.28 
ILC 72 93 106 145 225 379 449 455 416431 450 14.80 5.93 
ILC 482 94 104 139 221 377 424 428 251981 422 18.75 9.95 
ILC 48Z5 93 107 145 204 294 384 413 14;6'81 413 7.97 4.55 
b 91 119 185 324 496 617 744 - - - - 

Rainlai14 237 274 338 401 456 456 456 - - - - 
Tel Hadya 

Maturity Total+El. WUE WUE 
Treatment 1311 2911 113 1314 19:5 216 1116 date Germ. Mat. 

ILC 72 
(Dense)' 48 71 110 189 299 317 319 3\6/81 31 7 12.21 4.35 

ILC 72 51 73 108 180 296 313 316 1/6/81 31 1 10.16 4.28 
ILC 482 52 74 108 173 299 311 311 25/5\81 31 1 11 42 6.73 
ILC 48Z5 52 71 109 154 251 290 300 8/6/81 297 5.25 2.69 
Eo 59 82 158 350 623 775 989 - - - - 

Rainfall' 158 189 247 305 351 357 357 - - - - 

Brida 
Malurity Tatal+Et. WUE WUE 

Treatment 2011 812 313 214 77:5 2115 916 date Germ. Mat. 
ILC 72 

(Denser 34 57 82 153 233 253 262 9/6/81 262 8.13 1.07 
ILC 72 35 57 80 150 224 247 256 9/6/81 256 6.21 1.21 
ILC 482 34 56 77 147 226 250 257 22/5/81 252 9.37 3.97 
ILC 48z5 37 58 82 130 207 236 249 5/6/81 246 5.57 3.01 -~ ~ 

6 61 100 148 268 478 
Rainfall' 115 125 174 223 274 

'WUE = kglhalmm. Total biological yield (above ground). 
'WUE = kglhalmm. Seed yield. 

Stand density approximately 600,WO pllha. 
'= Rainfall accumulated from onset of season. 
I= Spring sown crop from companion experiment. 



Total moisture use at maturity was found to be 
largely comparable under all treatments but 
spring-sown crops used their moisture at a later 
date. 

The water use efficiency of k t h  total dry mat- 
ter and seed production was calculated in terms 
of kglhaimm of moisture used (Table 17). Con- 
sidering the water use efficiency of total dry 
matter production, the densely planted ILC 72 
and winter sown ILC 482 treatments achieved 
very similar WUE values at any given site, but 
were higher than the standard density ILC 72 
treatments. All winter sown crops achieved much 
greater WUE values than spring sown crops, par- 
ticularly at the two wettest sites (Jindiress and 
Tel Hadya). 

In terms of seed yield, winter planting of ILC 
482 gave a far higher water use efficiency than 
spring planting, resulting in 119, 150 and 32% 
increases in WUE at Jindiress, Tel Hadya and 
Brida respectively. The spreading cultivar (ILC 
482) gave a consistently better WUE than the 
erect types at all sites. 

Water use efficiency decreased from the wet- 
test to the driest site. This was associated with 
poor canopy development at the drier sites 
where more water was lost as eva~oration. 

DEPTH OF MOISTURE EXTRACTION BY 
CHICKPEA. In traditional chickpea growing 
areas, chickpea crops usually follow wheat in 
the three course rotation system of wheat-grain 
legume (lentil or chickpea)-summer crop. At Jin- 
dress and Tel Hadya, the trial was planted with- 
in this rotation, but at Brida, the land was fallow 
in the previous season. Only soil depth intervals 
recharged by current rainfall contain moisture 
which is available for uptake by the chickpea 
crop. 

Figure 8 shows the distribution of soil moisture 
during profile recharge and discharge for winter 
sown ILC 482 at the three sites. It is clear that 
the chickpea crop was only able to extract mois- 
ture from the soil profile from depth intervals 
which had been recharged by the 1980-81 sea- 
son's rainfall. The results in Figure 8 are the 
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Fig. 8. Soil moislure recharge and discharge patterns 
under winter sown chickpeas (var. ILC 48.21 at three loca- 
tions in Northern Syria. 



mean of four replicates, but examination of indi- 
vidual replicates indicated that there was a large 
variation in depth of profile recharge between 
replicates. This resulted in parallel variations in 
the maximum depth of observed moisture extrac- 
tion. Such a variation in depth of profile recharge 
was caused by differences in the initial moisture 
status of the profile. This within-treatment vari- 
ation in depth of moisture extraction was greatest 
at Jindiress but also occurred to a lesser extent 
at Tei Hadya and Brida. 

It is interesting to note that a similar trend 
occurred at Brida, where the chickpea crop fol- 
lowed a fallow (Fig. 8.e and f). This indicates 
that in the fallow there was very little additional 
moisture stored which was available for the 
chickpea crop. In Figure 8.f, the dotted line rep- 
resents the moisture status of the start of the 
season, and thus the shaded area represents 
moisture (6 mm only) stored under the fallow 
which was available for uptake by the crop. 

At the two driest sites, Tel Hadya and Brida, 
the re-charge front did not extend beyond 90 
and 75 cm respectively (Fig. 8.c, d, e, f) and 
thus the rooting depth of the crop was greatly 
restricted compared with Jindiress. Where root 
development was not restricted by the depth of 
the recharge front (as at Jindiress), the winter 
sown crop developed a deeper rooting system 
than the spring sown crop. This is illustrated by 
careful examination of the temporal distribution 
of moisture in discrete soil layers (Fig. 9). Par- 
ticular attention is paid to the period of crop 
maturity, when a clear discontinuity in the slope 
of the line indicates that root uptake of moisture 
has ceased. Such depths are marked with ar- 
rows. 

YIELD AND YIELD COMPONENTS. The 
potential productivity of winter chickpeas in 
northern Syria appears to be high under favor- 
able environmental conditions such as those at 
Jindiress (Table 18). Seed yields of 3 to 4 tlha 
at current local prices would ensure a consider- 
able profit to the grower. However, it is clear 
from the data in Table 18 that environmental 

conditions have a significant effect on yield and 
that cultivar and genotypelenvironment inter- 
actions combine to influence productivity levels. 

STRESS FACTORS ASSOCIATED WITH 
INADEQUATE MOISTURE SUPPLY. The 
yield of individual cultivars in Table 18 shows 
that a reduction in the total season's rainfall from 
456 mm to 277 mm reduced seed yield con- 

I 
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Fig. 9. Temporal distribution of moisture within discrete 
soil horizons under winter and spring sown chickpeas at 
Jindiress. 



Tabk 18. Productivity of winter sown chickpeas. 
Total 

abave ground 
Seed2 dry matter l o o  seed Number % 
yield at harvest Harvest weight pods per empty 

Site (Vha) (t'ha) index (gm) plant pods 

Jindiress 
ILC 482 4.20 7.91 0.531 24.7 72.6 17.2 
ILC 72 2.67 6.66 0.401 25.0 44.7 22.5 
ILC 72 (Dense)' 3.24 8.38 0.387 25.7 24.9 21.5 
ILC 482l 1.88 3.29 0.571 23.4 31.1 22.4 -~ ~ 

Tel Hadya 
ILC 482 2.09 3.55 0.589 27.0 27.6 4.6 
ILC 72 1.33 3.16 0.421 25.5 17.0 12.7 
ILC 72 (Dense)' 1.38 3.87 0.357 25.7 9.3 13.2 
ILC 48P 080 1.56 0.512 23.2 17.1 17.5 
Brida 
II C AR2 1 no 2.36 0.424 28.1 13.7 6.7 - ~- ~ - 

ILC 72 0.31 1.59 0.195 20.5 9.6 46.4 
ILC 72 (Dense)' 0.28 2.13 0.131 17.3 5.6 51.9 
ILC 482= 0.74 1.37 0.540 19.2 17.1 Xl.1 

' = Srand o e n s q  appro~~male ly  600 000 PI  ha 
= Seed pelds ao/usreo lor minor ~nsecr damage 
= Spr,ng sown crop l r m  cornpanfan experdnenl 

siderably. Two mechanisms appear to be prom- use efficiency values which were shown above 
inent in causing this yield reduction. to be severely reduced at the drier locations. 

(1) It was shown in Table 16 that maximum 
canopy development was severely affected by 
location and that complete cover was only 
achieved at Jindiress. This implies directly that 
the proportion of incident radiant energy inter- 
cepted was reduced and total dry matter pro- 
duction was thus lower at the two drier sites. 
The reduced canopy development may have 
been due to the crop's inability to meet a short 
term atmospheric demand for moisture. This 
would have resulted in decrease in photosyn- 
thetic activity. Alternatively, the decreasing 
moisture content of the surface soil may have 
forced the crop to draw water from deeper soil 
deficient in essential nutients. This may have 

(2) The early maturing characteristic will 
generally give ILC 482 a yield advantage over 
ILC 72 under the Mediterranean environmental 
conditions of northern Syria for two reasons. 
Firstly, early maturity is achieved without a 
reduction in the duration of the reproductive 
phase which is critical in a crop with a poten- 
tially indeterminate growth habit. Secondly, as 
evaporative demand increases significantly in 
the late spring and early summer (the period 
of crop reproductive development), an early 
maturing cultivar is exposed to less extreme 
moisture stress which occurs at a late stage in 
its phenological development. 

The beneficial effect of the early maturing 
caused nutrient Stress. It is likely that both ef- characteristic on seed yield was most clearly 
fects occurred simultaneously, the net result demonstrated at Brida where seed yields of ILC 
being a reduction in the size of the crop's pod 72 were reduced below the values expected from 
bearing structure and in the level of stored the maximum dry matter production achieved 
photosynthate available for pod filling. The in- (Table 18). This is illustrated by the atypical 
fluence of both effects is implicit in the water harvest index values shown by both density 



treatments. The probable cause of the low seed 
yield seems to have been flower and seed abor- 
tion induced by moisture stress. This stress 
appears to have been above critical values 
during the sensitive flowering and early pod 
formation phase. 

Winter sown ILC 482 appears to have been 
less affected by this stress. It retained a higher 
number of pods per plant and managed to fill 
amost all the pods set which was clearly not the 
case with ILC 72 (Table 18). However. the reduc- 
tion in harvest index in winter sown ILC 482 
at Brida, from the values of more than 0.5 at 
the other two sites, suggests that a 20% yield 
reduction occurred even in this cultivar from 
stresses experienced in the reproductive phase 
of development. 

In ILC 72, the data for 100 seed weight further 
suggests that moisture stress effects at Brida 
restricted the filling of pods from either con- 
currently derived or translocated photosynthate. 
As this was not the case in winter sown ILC 482 
it appears to be further evidence of the benefit 
of early maturity which allows escape from the 
most severe effects of moisture stress. 

MORPHOLOGICAL AND CROP DENSITY 
FACTORS. The results given in Table 18 show 
that, under favorable (Jindiress) or intermediate 
(Tel Hadya) environmental conditions the erect 
type of chickpea (ILC 72), when winter sown at 
30 plantsim2, was less productive than the 
spreading type (ILC 482) in terms of both dry 
matter and seed yield. This was more pro- 
nounced for seed yield, and it appears that al- 
though the development of a tall stem structure 
may reduce canopy size (Table 16), it also has 
an effect in reducing the conversion efficiency of 
dry matter to seed yield. This was evident from 
harvest index values for the erect cultivar close 
to 0.41 as compared to values close to 0.55 
for the winter sown spreading cultivar. This re- 
duced efficiency of dry matter conversion to seed 
yields is evident in the yield results for the 
densely planted treatment (60 pl/m2). 

Table 18 shows that increased density of ILC 

72 gave comparable or higher dry matter pro- 
duction than ILC 482 but the seed yield of ILC 72 
was consistently lower. Harvest index was ap- 
parently reduced by increased density of ILC 72 
thereby exaggerating the difference between 
cultivars. This suggests that increasing planting 
density in erect cultivars may not necessarily be 
an efficient way to increase yield, but it is clear 
that erect cultivars would give better yields at 
higher plant populations at the standard density 
(30 plantsim2) when moisture conditions are 
favorable (Table 18). 

CONCLUSION. It has been shown that win- 
ter planting of chickpea crops in the wetter re- 
gions of northern Syria is likely to be very pro- 
ductive. Even at the drier sites, such as Brida, 
where chickpeas are not currently grown, at cur- 
rent market prices this crop would be competitive 
with the traditionally grown barley. Nevertheless, 
the data suggest that chickpeas are sensitive 
to moisture stress which could lead to greater 
instability of yield and farmer income than that 
associated with barley. 

Rotation Trials at Brida 
and Khanasser 

Both these locations are situated in zones 
where barley is commonly grown. The traditional 
rotation in such areas of N. Syria is barley fallow. 
During the past 20 years, however, continuous 
barley is being more commonly grown, and a 
general decline in yield is observed. Other studies 
have indicated that in these dry areas (< 300 mm) 
little if any storage of water in the tallow years 
is achieved by farmers, but nutrient availability 
(particularly nitrogen) increases. This rotation 
trial has been laid down to investigate the long 
term effect of alternative two course rotations on 
crop yield and soil conditions. The basic rota- 
tions examined are: barley/fallow, barleyibarley, 
barleylvetch forage, barleyilentil, and barley1 
winter chickpea. Different levels of fertilizer 
management are imposed on these rotations. A 



phased entry randomized block design with three 
replications is used. 

As an integral part of this study on the barley! 
fallow rotation, additional detailed studies were 
conducted on moisture conservation under fallow 
land. 

During previous years, moisture studies were 
conducted on barley crops grown under different 
management practices in the 250-300 mm rain- 
fall zone, and the results of these moisture 
studies to date clearly show that no moisture 
conservation occurred during the fallow period 
for subsequent use by the barley crop. However, 
this observation was made on fallows managed 
according to farmers' practice and there ap- 
peared to be two major factors contributing to 
the lack of moisture storage: 

(1) In these areas the rainfall seldom pene- 
trated to below 75 to 90 cm depth making 
moisture conservation difficult. 

(2) In general the fallow land is only culti- 
vated once in the spring (and possibly again 
in the summer) with a single or double bank 
of duckfoot cuftivators. The resultant "mulch" 
is cloddy, ridged, and often shallow and by 
no means ideal for conserving moisture under 
these difficult conditions. 

During the 1980181 season, moisture studies 
were conducted on fallow land at Tel Hadya, 
Brida, and Khanasser. In these studies, it was 
decided to assess potential moisture storage 
under the different rainfall levels by applying 
what was judged to be an optimum soil mulch 
rather than a farmer's normal mulching practice. 
This was achieved using a hand operated rota- 
vator which produced a fine, level tilth about 
20 cm deep. This was applied in mid-April and 
thereafter the plots were hand-weeded where 
necessary throughout the summer. Two moisture 
accession tubes were placed in each fallow plot, 
and the plots were replicated three times and 
randomly distributed within a major cereal agron- 
omy study at each location. Moisture measure- 
ments were made with a neutron probe at 15 cm 
depth intervals throughout the season to a max- 

imum depth of 180 cm at Tel Hadya and 150 cm 
at Brida and Khanasser. 

At Tel Hadya soil moisture tensiometers were 
installed in each replicate at 15 cm depth inter- 
vals to a depth of 135 cm and were read twice a 
week during the summer. 

RESULTS. At both locations the land used in 
these trials was under fallow during the pre- 
ceeding two years, thus no "rotational" effects 
could be observed in the first year. The yield 
data, water use and water use efficiencies of the 
crops for the first year are presented in Table 
19. 

At both sites the addition of 60 kgtha P205 
advanced the maturity of barley by nine days. 
This reduction in length of the growing season 
offset the increased moisture use during vege- 
tative growth resulting in no increase in mois- 
ture use following fertilizer application. At Brida, 
where late rains were used by the immature non- 
fertilized crop, but not by the mature fertilized 
crop, moisture use was reduced by the appli- 
cation of phosphorus. 

At both sites there was a large yield response 
to fertilizer application, both in barley (nitrogen 
and phosphorus) and the vetchibarley mixture 
(phosphorus only). 

Water use efficiencies were dramatically in- 
creased by the application of fertilizer in the 
barley and vetch/barley crops and were quite 
similar at the two sites. Water use efficiencies 
of lentil and chickpea were considerably lower 
than barley and barleyivetch. 

Winter chickpeas at Brida gave a more profit- 
able return than barley. Assuming a market price 
of 0.65 SUkg for barley and 3.60 SUkg for chick- 
peas, the water use efficiency of chickpeas can 
be expressed as 11.51 SUhaimm compared with 
5.55 SUhaimm for fertilized barley. This simple 
economic expression does not allow for differen- 
tial costs of crop management. 

Moisture Conservation 
Under Fallow Land 

The results of this study are summarized and 
presented in Figures 10 and 11. In Figure 10. 
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Table 19. Yield data. water use. and water use efficiencies of various cm~s arown in 
rotational trials at two sites. 

Grain 
y~eid 

Treatment (kgha) 

Barley (ON OP) 1346 
Barley (60N 60P) 1949 
Vetchibarley (ON OP) - 
Vetchlbarley (ON 60P) - 
Winter chickpea (60P) 790 
Lenti (60P) 61 5 

Total Evapo- 
bioi, yield transpiration 
(kgiha) (germ-maturity) 

Brida 1mmI 

Khanasser 

WUE WUE 
(1) (21 

(kgihamm) 

Barley (ON OP) 95 1 2426 21 1 4.51 11.50 
Barlev 120N 60PI 1540 3969 21 1 7.30 18.81 
~ e i c ~ l b a r l e ~  (ON'OP) - 1649 165 - 9.99 
Velchibariey (ON 60P) - 2935 181 - 16.21 
Winter chickpea (60P) 340 963 207 1.64 4.65 
Lenbi 160PI 431 1604 206 2.09 7.79 

( 1 )  Seed yield. 
(2) Total biological yield 

the moisture distribution on the following three At no location was moisture stored in the 0- 
dates is given for each location: 15 cm horizon. The amount of moisture stored 

(1) At the start of the season (dotted line). (whether expressed as a total or as a percentage 
of winter rainfall) was related to the rainfall 

(2) At maximum profile recharge (in March/ received and the d e ~ t h  of oenetration of that rain- 
~pr i l1981).  fall. At both Tel ~ a d ~ a  and Brida there was a 

(3) At the end of the summer period. The downwards re-distribution of moisture at depth 
shaded area represents the moisture stored. by slow drainage during the summer months. 

TEL B A D Y A  BRIDA KHANASSER Hydraulic Potential (cm H 2 0 )  
c m l  H 2 0 / d e p t h  in terval  

Rainfall =292mm Rainfall= 246mm 
Cm stored = LO B atored = 3 

Fig. 10. Moisture loss under fallow during the summer 
months of 1901 at three locations. 

Fig. 11. Variation of hydraulic potential with sail depth 
and the variation in depth of zero flux plane through the 
summer months of 1981 under fallow at TeI Hadya. 



Significant moisture loss occurred, by upward 
movement and subsequent evaporation, to a 
depth of at least 60 cm at each location. F ig  
ure 11 shows the vertical distribution of the 
hydraulic potential in the fallow at Tel Hadya for 
selected dates during the summer. 

When the hydraulic potential in one soil layer 
becomes lower than the layer immediately below 
it, moisture moves upwards from the deeper 
layer in response to the hydraulic gradient. The 
depth at which the hydraulic gradient is zero is 
defined as the Zero Flux Plane (ZFP) (marked 
with arrows in Fig. 11). Above the ZFP moisture 
moves upwards and is lost by surface evapo- 
ration: below the ZFP moisture movement is by 
downward drainage. 

On May 10, 1981, all movements of water be- 
low the 15-30 cm horizon was downwards as 
slow drainage, but as the summer progressed 
the depth from which moisture was lost in- 
creased. By the end of summer (September 13) 
moisture was being lost by upward movement 
and surface evaporation from as deep as 90- 
105 cm. The change in depth of the ZFP with 
time is given in the inset in Figure 11. The 
slow drainage that occurred during the summer 
months at Tel Hadya is confirmed by the mois- 
ture distribution patterns where it can be seen 
that moisture accumulation occurred in the 
120-135 cm horizon between April 12 and Sep- 
tember 13. 

Livestock Studies 
The livestock studies in the Farming Systems 

Program are designed to identify problem areas 
and suggest solutions relevant to the regional 
farming community and to ICARDA's research 
programs. 

The survey of livestock systems in the steppe 
region of SE Aleppo Province, where annual 
rainfall averages 200 mm and below, ended in 
September 1981 after three seasons. Two high- 
lights from a preliminary analysis of the survey 
are Dresented. 

SUPLEMENTARY FEEDING OF STEPPE- 
BASED FLOCKS. One finding of the survey 
was the apparent high dependency of steppe- 
based flocks on supplementary feed (barley, 
cotton-seed-cake, wheat bran, and straw) from 
November until March (Table 20). Feeding of 
supplements started over 20 years ago following 
a series of drought years that severely reduced 
the size of the national flock. The practice was 
initiated with Government backing in an effoo to 
strengthen the nutritional basis of the sheep 
industry. 

Table 20. Intake 01 mebabolizaMe energy as supplementary fee0 
01 15 steme flocks relative to melabolimble energy reuuirements -. . 
(191S-81): 

Season of 
survev: 78179 79180 80181 

Suppl, feed as percentage 
of requirement' 163 98 144 
-as barley a/o 35 21 57 
-as cereal straw a/a 76 37 25 
-as sugar beet pulp - 22 31 
-other supplemenis a/0 52 10 31 

'From November untll March mean daily mefabolizable 
energy required equals 9.6 MJ  for 45 kg  ewe producing 65 
kg  milk per lactation and having a single lamb. 

According to Government statistics, sheep 
numbers recovered from about 3 million in 1961 
to between 5 and 6 million from 1964 to 1973. 
Since then they have increased dramatically to 
8.1 million in 1979. The introduction of supple- 
mentary feeding probably helped to generate the 
initial recovery. Preliminary analysis shows that 
supplementary feed covered all the metaboliz- 
able energy needs of the pregnant and lactating 
ewes in the sample in the dry 197&79 season 
(Table 20). This feeding practice therefore paral- 
leled an increase in sheep numbers even in a 
dry year. The policy of providing supplementary 
feed to farmers who are members of the cooper- 
atives may therefore have exceeded its objective 
of stabilizing sheep numbers and may have 
been responsible for the recent expansion in 
numbers. 



Grazing wheat stubble in a ihree course rotation trial at Tel Hadya, Syria. 

One consequence of the expansion in sheep 
numbers is that problems of over-grazing may be 
aggravated. 

UTILIZATION OF CEREAL STUBBLE BY 
SHEEP. Barley, and to a lesser extent wheat, 
are major components of the diet of sheep in the 
ICARDA region, whether as grain, stubble, or 
straw. Stubbles make an important contribution 
to sheep production in Syria by relieving grazing 
pressure on range and steppe areas, and pro- 
viding a source of low cost feed in the summer. 
Flushing of ewes on good quality stubbles is 
possible. 

Results from the livestock survey show that 
stubbles are rented for grazing from May until 
August at 0 to 75 SLiha in poor years and up 
to about 25 SUha at other times. Standing crops 
can cost from 100 to 200 SUha. In good years, 
only a small area of standing crop is left for 
grazing so that stubbles provide a relatively 
larger part of the sheep diet. Cereal straw also 
represents from 25% to 50% of the supple- 

mentary feed dry matter given to sheep in winter, 
the level being largely dependent on the rainfall 
which affects the availability of natural grazing. 

Preliminary results obtained at Tel Hadya indi- 
cate the liveweight changes of ewes grazing 
cereal stubbles. Non-supplemented and suppie- 
rnented sheep grazed the cereal stubbles on the 
traditional and improved unit farms respectively. 
The supplemented flock received extra feed in 
order to study the effect of liveweight changes 
on conception rates. The results are shown in 
Table 21. The supplemented ewes gained 83 g/ 
day even at a 30% higher stocking rate. 

ON-SITE STUDIES. The on-site livestock 
studies at Tel Hadya in 1981 were divided into 
two closely integrated projects. One project 
addressed the question of the interaction be- 
tween nutrition and fertility, and the second was 
a study of the possibility of increasing animal 
production within a cropping framework by im- 
proving husbandry practices and introducing 
forage crops. Two of the three flocks of sheep 



Tabk 21. Stocking rates and average daily gain of 
non-supplemented and suppkmented sheep grazing 
stubbles at Tel Hadya (1981). 

Noflsouple- Supple 
mented mented 
sheen sheen 

Area (ha) 5.4 4.1 
No. sheep' 52 51 
Days ol measurement 42 42 
Stocking rate (ewesha) 9.6 12.4 
Average dally gain (g) -31 83 

'Including some yearling lambs which are ex- 
pressed as ewe equivalents. 

used in the first project were attached to the 
unit farms used in the second project. 

NUTRITIONAL-REPRODUCTIVE INTERAC- 
TION. Under and imbalanced nutrition are 
responsible for reduced fertility in sheep. It was 
demonstrated at Tel Hadya in the 1980-81 win- 
ter lambing season that lambing percentages of 
village and steppe based flocks are lower than 
the potential of the Awassi breed. Farm income 
could be markedly increased if the potential pro- 

lificacy of the breed were better exploited. A long 
term project was initiated in June 1981 to study 
more closely simple husbandry strategies which 
will allow improvements in ewe fertility. 

Preliminary results (Table 22) indicate that 
during the premating phase, cycling activity 
of ewes in body weight stasis (but which are 
grazing rangeland) was higher than for ewes 
gaining 89 g daily, grazing stubble and receiving 
a barley grainlvetch hay supplement. However, 
liveweight-losing ewes, fed on stubbles alone, 
showed reduced cycling activity. This result 
suggests that dietary composition may be as 
significant a factor affecting ewe reproductive 
mechanisms (and therefore fertility) as body con- 
dition. 

During the mating phase which startedon July 
20 and continued for 42 days, the flock fed on 
cereal stubbles alone gained nearly as much 
body weight as the supplemented flock. But the 
conception rate of the two flocks differed mark- 
edly. The poorly husbanded flock showed no in- 
crease in body weight but showed a similar con- 
ception rate as the supplemented flock. It is 

Tabk 22. Daily llwmlght changes and concsptlon rates during 1981 mating 
season. 

Level of flock husbandry 

Pmr Averaoe Gwd 

Flock size 39 38 39 
Feeding regime Rangeland Cereal Cereal 

stub& stubble t 
supplements 

Premating phase 
Liveweight change vd  -1 - 24 89 
Oeshus cycles per ewe 

(max. value = 2.5)' 0.87 0.26 0.51 
MaOng phase 

hveweight change $d - 1 153 162 
Concsption rate at 

first mating % 74 34 79 
Conception rate at 

second maling 18 58 13 
Conception rate at 

third mating YO 3 5 3 
Non-pregnant 96 5 2 5 
'Vaseclomized rams with ewes fmm June 8 unlil July 20, ie., 42 days or 
about 2.5 oestrus cycles. 



suggested that the intensity of cycling activity in 
the pre-mating phase was a more important fac- 
tor affecting conception rates at first mating 
than was liveweight gain during the mating 
phase. 

UNIT FARMS. These farms provide a useful 
cropping foundation for assessing the impact of 
improved sheep husbandry practices on whole 
farm productivity. Of particular interest is the 
effect on net revenue of introducing forages into 
the farming system in place of lentils and fallow. 
This change makes possible an increase in the 
stocking rate on the improved unit farm. Table 
23 shows the net revenue of the crops in the 
1979180 and 1980181 seasons. 

There was a low revenue from lentils com- 
pared with wheat and barley. Watermelon ap- 
Dears to be an un~rofitable croD. even when 
iields are high as in the 198018i 'season. The 
poor performance of forage hay in the 1980181 
season was due to low yields. But averaged over 
two years, forage hay gave a considerably higher 
new revenue than lentils. 

The net revenues from forage for grazing by 
growing lambs indicate the potential of this 
practice which is designed to replace fallow in 
areas with shallow andlor stony soils. The large 
annual differences in net revenue of forage for 
grazing is the result of two factors. Firstly, there 
was a poor crop and therefore a short grazing 

season of one month in the 1979180 season, 
compared with two months in the 1980181 sea- 
son. The iiveweight yields were 138 and 232 kg/ 
ha in 1979180 and 1 9 8 M 1 ,  respectively. Sec- 
ondly, meat prices per kg liveweight increased 
by 43% in 12 months from one season to the 
next. 

Introducing improved varieties, agronomic 
practices, and forages into the crop rotation 
considerably increased net revenue of the two 
unit farms. The improvement was small in 19801 
81 because of the poor yield of the forage hay. 

The unit farms provide a framework for testing 
novel types of forage crops and the ploblems of 
grazing or conserving them. New and promising 
varieties of cereals and food legumes can also 
be tested under cultural practices closely similar 
to the real farm situation. 

Socio-economic Research 
A study of sheep cooperatives in Syria was 

conducted in cooperation with the Ministry of 
Agriculture and Agrarian Reform (MAAR) for the 
World Bank (Bank for International Reconstruc- 
tion and Development). The principal objective 
of this study was to make recommendations to 
the National Feed Revolving Fund (NFRF) on 
the allocation of credit for feed purchase and 
the determination of interest rates to be charged 
on that credit. 

Table23. Crop net revenues on the unit farms (SUha)'. 
Traditional unit Improved unit 

1979180 I980181 I979180 1980181 

Area (ha) 14.1 14.1 10.9 10.9 
Stocking rate 

(sheep per cultivated ha) 
Wheat 
Barley 
Lentils 
Melon 
Forage (for hay) 
Forage (for grazing) 

MEAN VALUE2 
' S L  Syrian Lira. 
ZExclude~ forage for grazing. 



In the 1978179 season, a survey of cooperative parameters is difficult and estimating income 
members was conducted to gain insights that even more difficult: neither is a practical mea- 
would help achieve this objective. A question- sure to use in allocating preferential interest 
naire was given to the heads of 51 range and rates. 
sheep cooperatives and 45 fattening coopera- (3) Feed prices are subsidized by the Gov- 
tives and a second questionnaire to 132 indivi- ernment Organization of Feed (GOF) to such 
dual cooperative members. an extent that interest rates in the 5%% to 

7'/z% range would plav no role in allocatina 

RESULTS. The main findings of the study 
relevant to interest rates and preferential treat- 
ment were: 

(1) The two sub-sectors-range and sheep 
cooperatives and fattening cooperatives-are 
characterized by extreme variability in animal 
numbers, production practices, animal pro- 
ductivity, and family income, both among co- 
operatives and among members. (Table 24). 

(2) An accurate measurement of production 

, - 
scarce credit andlor scarce feed (Table 25). 

(4) The difference of two percentage points 
for interest rates, which was suggested in the 
project appraisal as a way to equalize incomes 
among cooperative members, amounts to a 
very small amount of money in proportion to 
total operating costs. Such a difference would 
have little effect in distributing incomes more 
equally in the sheep sub-sector (Table 26). 

(5)  In the case of the range and sheep co- 
operatives, the study did not clearly identify 

Dependent variable: 
1. Net income 

Independent variables: 
1. Lamb price diflerences 

Sales price!kwurchase 
pnce,kg 

2. Weight gain 

3. Feed cosvday 

4. Percent ol members with 
share arrangements 

5. Percent of members that 
own land 

6. Percent of income earned 
of farm 

7. Average batch size 

8. Number ol members in coop 

Constant term 
RZ 
F 
" 

"Significant p 5 001. 
'F Value given in parentheses. 



Tabk 25. Feed pria differences between GOf and the market 
( iwam).  

Price (kg) Price ratios 
Maket GOF Price MKT!Price GOF 

Cotton seed hull ,728 ,342 212.9 
Wheat bran ,444 ,232 191.9 
Barley ,678 ,574 118.1 
COnon seed cake ,840 ,623 134.8 

determinants of production costs or revenue. 
Thus, there are no obvious variables that 
would help in deciding who should receive 
preferential interest rates. 

(6) For fattening cooperatives, it was easier 
to explain revenue levels, but only one of the 
variables-animal number-is directly related 
to the question of preferential treatment. 

(7) Existing credit sources are complex and 
oriented toward profit (and risk) sharing rather 
than simple cash loans for interest. 

(8) The study was not successful in estimat- 
ing the current private market rate for financial 
loans and only partially successful in determin- 
ing the supply of credit from private sources. 

(9) Cash requirements, particularly in fatten- 
ing crops, are significantly higher for animal 
purchases in comparison to feed purchases, 
and the lack of credit to finance these larger 
purchases is likely to be a constraint to im- 
proving the productivity and stability of the sys- 
tem (Table 26). 

(10) Feed conversion ratios indicate that 
there is a tremendous opportunity for increas- 
ing efficiency (Table 27). 

(1 1) Not all animals owned by members are 
registered with the cooperatives. 

(12) Income from sources other than sheep 
production can be important, particularly in the 
fattening cooperative sub-sector. 

(13) Stabilizing total intra-and inter-annual 
feed availability and thus stabilizing animal 
numbers is more important than an increase 
in the availability of supplemental feeds. 

(14) Concentrating on the interface between 
the two cooperative sub-sectors may be the 
best way for the Ministry of Agriculture and 

Tab& 26. Imam and expense rtatemsnt 1011MI in 
Syrian Lira per head (Faliming Coaperatii~~). 

Winler Summer 
batch batch 

Incomes 
Sales 459.45 330.51 
Less purchases 307.36 222.01 - 

TOTAL iNCWE 152.09 108.50 - - - - 
Expenses 

~ariey 55.80 45.52 
cotton seed cake 11.89 11.89 
Wheal bran 2.91 2.52 
Vetch 9.15 7.57 
Wheat 9.18 6.03 
Minerals: fish oil 17.M) 3.80 

Sale .24 .n 
Roughage: legume straw 10.48 5.82 

collon seed hull 6.06 5.61 - 
TOTAL COSTS 122.66 87.50 - - - - 

Net returns to 
other factors 29.4 21.00 

Average daily ml 
of feed par head 
90 days faltening 1 .36 0.97 

Tame 27. Feed consumption and conversion rallos 
m head 

Winter batch Summer batch 
Quantity (kg) Cuasldty (kg) 

Barley 97.84 81.52 
Conm seed cake 19.09 18.05 
Wheat 12.59 9.05 
Vetch 11.48 10.38 
Wheat bran - 12.45 - 11.09 

SUB-TOTAL 153.45 130.09 - - - - 
Legume straw 20.75 18.22 
Conon seed hull 16.16 14.06 ~~ ~ 

Fish oil 
Salt 

TOTAL - 194.50 - 161.74 - - 
WeigM gain 16.80 15.56 
Conversion ralio, 

cotantrate 1 :9.13 1:8.36 
Conversion ratio, 

total 1:11.58 1:10.39 

Agrarian Reform to solve the major problem 
of instable animal production and producer 
incomes. 



It was recommended that a single interest rate 
be charged to all producers requiring credit to 
purchase feeds and that other measures be con- 
sidered to equalize incomes. Also it was thought 
that other schemes would be either impractical 
or ineffective. The project appraisal's sugges- 
tion of giving preferential rates to families with 
annual incomes less than 3,500 SL is a good 
example. It is impractical because of the dif- 

ficulty of calculating such a figure and would be 
very expensive to administer. 

The results of this research have been ac- 
cepted by the Bank and the Ministry of Agricul- 
ture and Agrarian Reform. The single interest 
rate has already been put into effect in admin- 
istering the credit scheme of the Project. In 
addition, a number of other results have gener- 
ated interest and discussion. 

Meteorological Data 
Tabk I. Summary of meteomlogical data from ICARDA's Tel Hadya Research Slation during the 1980181 cropping season 
through to the end of the 1981 calendar year. 

Localion: Longitude 3635' E; Latilude 36'00' N; Altitude 282.0m a.s.1. 

Average Average 
soil temp. "C evap. 

Air lemp. C (20 cm Class A 
Month Max. Mln. depth) (mmiday) 

Ocl. 28.0 12.7 23.4 7.02 
NOV. 20.6 6.8 16.8 2.74 
Dec. 13.9 3.4 11.0 1.90 

Average 
Total relative Average Average Avehge 

precip hunudily wrnd run sunshine radiation 
(mm) ("/.I (km:day) (hiday) (M~:m~~day) 

10.6 50.0 153.9 8.10 13.71 
17.4 62.4 126.5 6.40 10.13 
93.0 71.5 118.6 4.10 7.17 

Jan. 11.7 3.7 9.3 1.50 69.8 81 2 228.7 2.99 6.70 
Feb. 14.1 2.8 100 2.43 55.3 72.8 240.0 4.12 9.50 
March 18.6 6.3 12.8 4.04 51.8 71 0 279.0 6.00 13.93 
April 22.6 6.9 15.9 6.62 27.1 58.0 288.2 7.43 19.30 
May 26.7 9.6 20.9 8.40 31.9 53.5 269.4 9.81 22.27 
June 34.4 17.2 26.4 14.83 14.8 44.0 376.5 11.84 24.67 
July 37.4 20.0 28.9 16.60 - 41.8 441.9 12.13 24.70 
Aug. 36.6 20.8 29.7 15.76 - 47.0 481.0 11.62 22.29 
Seo. 35.5 16.4 28.4 12.03 - 38.0 307.7 10.15 18.40 
Oct. 29.9 12.2 24.3 7.15 4.6 43.0 179.8 8.49 14.00 
Nov. 17.1 4.6 15.5 2.60 69.4 65.0 201.3 5.62 8.86 

7ple2. Summary of meteorological dataforTel Hadyasndfour major oll-slaIi0nsIe8in AieppoPmvince,Syria,in tkcropOBBsont980181. 
Seasonal Long term 

M a t i c  variable Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June lotal average 
Mean Air Temperature 'C 

Jindiress 20.0 13.7 8.4 7.8 8.6 13.0 151 18.6 25.3 
Kafr Antwn 19.0 11.0 5.1 4.6 5.9 10.2 13.2 16.3 24.3 
Tel Hadya 20.4 13.7 8.7 7.7 8.5 12.5 14.8 18.2 25.5 
Brida 18.3 12.5 6.3 6 8  8.7 12.3 15.1 19.1 26.4 
Khanasser 16.7 11.6 6.2 6.3 7.4 13.3 16.1 20.1 28.1 - ~ 

Precipitation mm 
Jindiress 11.2 15.6 91.4 151.5 58.9 49.1 41.0 35.0 18.0 472 479 ~ ~ 

Kafr Antwn 8.6 20.0 85.4 112.6 68.4 65.4 41.2 27.6 37.8 467 444 
Tel Hadva 10.6 17.4 93.0 69.8 55.3 51.8 27.5 31.9 14.8 333 342 
Brida 8.6 6.2 70.8 39.3 48.6 49.0 22.0 32.4 15.0 292 278 
Khanasser 9.8 3.2 72.0 50.6 39.1 34.5 18.0 14.8 4.0 246 215.4 
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Introduction 
Inter cereals-wheat and barley- constitute the most important group of cultivated crops 
In the West Asia and North Africa region. However, the production has lagged behind the w: 

total requirement of the region resulting in the net import of 15 million tons of wheat grain in 
1980. Within the region there is considerable diversity in agro-climatic conditions. The region 
can be primarily characterized by its low rainfall, which occurs mainly during the winter months, 
and it can be broadly classified into two somewhat distinct zones: the low elevation or littoral 
zone and the high elevation (1000 t o  3000 meters a.s.1.) zone. 

DURUM WHEAT. In many of the countries agronomically superior lines, has resulted in very 
of West Asia and North Africa, durum wheat good base material for the region. Crosses be- 
occupies the majority of the wheat area, par- tween spring and winter habit lines have also 
titularly in the drier areas where it has generally provided promising progenies. Waha, Sahl, Stolk 
proved to be better adapted than breadwheat. 'S," and Bittern "S" are being considered for 
However, little work has been done on durum release in several countries in the region. The 
wheat improvement in the region, and local un- first two varieties have been identified and are 
improved varieties and traditional agricultural under seed multiplication in Syria, Jordan, and 
methods still prevail. There is, therefore, ample Lebanon. Slowly durum lines are catching up 
scope for ICARDA to make an impact on durum with breadwheats in grain yield, disease resis- 
wheat ~roduction in the reaion. tance and adaptability in the region. The devel- - 

opment of durum varieties with improved disease 
The Of durum wheats that and insect resistance is receiving high priority. 

sess the genetic potential to perform satisfac- 
torily under limited soil moisture levels, as well 

Increased attention has been paid to grain 
quality during selection. The quality require- 

as the capacity to respond when water and ments for macaroni,spaghetti, and other pasta 
nutrition become less limiting, is a major objec- 

products are known, while quality parameters for 
tive in the durum Program. Material has been local consumer uses such as khobz, chapati, 
developed that has significantly outyielded the couscous, and burghul are not. The cereal grain 
widely grown local variety Haurani. 

quality laboratory is developing tests of suitability 
The use of genetically diverse lines possessing for these products. Lines with below average 

desirable traits, locally adapted lines as well as protein content are discarded during selection. 



Sahl--a new durum wheat varie-s being multiplied 
ia Syria. 

BREADWHEAT. Overall breadwheat ranks 
first among the food crops grown in the ICARDA 
region, with about 90% of the crop being grown 
under rainfed conditions. It has been estimated 
that over half of the breadwheat crop is grown 
in areas receiving less than 400 mm precipita- 
tion annually. Recently developed high yielding 
varieties are more suitable for irrigated and high 
fertility conditions, and therefore ICARDA has a 
special responsibility for developing varieties and 
production technologies appropriate to the lower 
rainfall areas. To stabilize the production poten- 
tial of the higher rainfall zones, the Cereal 
Improvement Program at ICARDA also empha- 
sizes the incorporation of resistance to the most 
important diseases prevalent in the region. The 
work on breadwheat at ICARDA is conducted in 
close collaboration with CIMMYT. 

BARLEY. In the region, barley ranks as the 
next most important cereal crop after wheat. It 
covers an area of about 10 million hectares an- 
nually. Barley is especially suitable for the drier 
areas and is an important source of animal feed 
and, in many cases, human food. 

There is only limited work on barley breeding 
in the region. With a few exceptions, most nation- 
al programs give a higher priority to work on 
wheat because of limited resources. The value of 
ICARDA's help in strengthening the barley work 
in Tunisia is an example of what can be done 
in these circumstances. There is now need to 
provide similar support in other countries. With 
this in mind, ICARDA proposes to aim at a less 
centralized organization of its work on barley, 
with closer links to national programs and will try 
to provide support in research areas not covered 
by national programs. (For example, in barley 
physiology and breeding for drought and other 
stresses.) The program has achieved some no- 
table success having made a major input into the 
development and testing of the varieties Beecher 
and Badiya which are now being multiplied by 
the Government of Syria. Badiya is also being 
distributed in Tunisia. 

TRITICALE. Work on triticale is now largely 
confined to lines that have a full complement of 
rye chromosomes. Like rye, these usually have 
a high lysine content in the grain. The first aim 
is to improve yield. Lines with sub-standard pro- 
tein content are discarded, but no routine amino- 
acid analysis is done. More attention is paid to 
qualities that affect consumer acceptance than 
to protein content. To make primary triticaies, 
locally adapted wheats and rye are used from 
the region where the triticale is destined to be 
grown. Triticale is doing well in Tunisia where 
it may replace imported maize grain for poultry 
feed. 

HIGH ELEVATION RESEARCH. ICARDA 
has a responsibility for crop improvement in the 
high plateau areas of Turkey, Iran, Afghanistan, 
Pakistan and the Maghreb countries of North 



Africa. Here, wheat and barley are extensively 
cultivated and provide basic food for millions 
of people living at altitudes of 1000 to 3000 
meters and above. These areas are charac- 
terized by low temperatures and snow cover in 
winter, and in many cases by hot summers, 
shallow soils, and low rainfall. 

Crosses between winter x winter, winter x 
spring, and winter-spring x winter-spring, wheat, 
barley, and triticales were made at Aleppo. 
Early generations, as well as the germplasm 
collected from different sources, are being tested 
at three high elevation locations in Baluchistan 
(Pakistan), Sarghaya (Syria), and at two loca- 
tions in the Atlas mountains in Morocco. 

GERMPLASM. Diseases seriously limit ce- 
real production in the ICARDA region. The most 
effective means of controlling diseases is through 
the incorporation in breeding material of genes 
that confer disease resistance under field con- 
ditions. Cereal research at ICARDA includes the 
identification of these genes in the germplasm 
collections and its incorporation in new cul- 
tivars. 

ICARDA has a responsibility for the collection, 
maintenance, and distribution of germplasm ma- 
terial of cereals and other crops. A germplasm 
bank is being developed in collaboration with 
other organizations, including IBPGR. 

TOLERANCE. Selection among barley and 
durum lines for tolerance to saline soils has 
revealed useful diversity. Many bariey lines found 
to be tolerant come from Lake Mariut in Egypt, 
and many of the tolerant durum lines come from 
areas of saline soils in Ethiopia. Salinity prob; 
lems are locally important in the ICARDA region, 
and they are common on irrigated land. Work 
on salt tolerance represents only a small part 
of ICARDA's work, and it is not intended to de- 
velop it as a main thrust. 

NITROGEN. Agronomy trials have shown 
that there are significant differences between 
varieties in the efficiency with which they take 

up nitrogen and in the grain yield increase per 
unit of nitrogen taken up. These findings are of 
importance in influencing the development of 
new varieties for cereal producers in less favor- 
able environments where resources are limited 
and the returns on use of fertilizers less certain. 

COLLABORATIVE PROJECTS. Interaction 
with national programs in the region has con- 
tinued to strengthen, with a significant increase 
in the distribution of improved material. About 
900 cereal nurseries are distributed annually, 
and the number of lines with superior yield and 
disease resistance has increased steadily. 

There are growing collaborative cereal projects 
in Syria, Jordan, Tunisia, Morocco, Cyprus, Pak- 
istan, and Lebanon. Now, in Syria alone, more 
than 60 cereal trials are conducted in cooperation 
with the Agricultural Research Center of the Min- 
istry of Agriculture. 

Barley Improvement 
The general objective of the barley improve- 

ment work at ICARDA is to raise the average 
yield on the 10 million hectares of barley grown 
in the region, above a level of 100 kglha. The 
actual yields achieved by farmers are far below 
the potential productivity of the environment and, 
this gap tends to be greater in poorer environ- 
ments. Often in such environments, which are 
too harsh for other cereal crops, a barley-fallow 
rotation, integrated with sheep production, is one 
of the few farming activities. 

As with all ICARDA programs, the barley work 
is still young. To date the main activities of the 
program have been to: 

(1) Increase genetic diversity through the in. 
troduction, collection and screening of cultivars; 
intercrossing to break linkages and to generate 
diversity and the generation of crosses based 
on widely adapted cultivars. 

(2) Identify within the germplasm pool, plant 
types and traits associated with high yield, 
yield stability and adaptation to the environ- 



ments prevailing in the region. In Syria, for 
example, plant types are needed having some 
of the following morphological and physiolog- 
ical characteristics: medium to long pre-an- 
thesis period; cold tolerance in the pre-anthesis 
phase; a short period between heading and 
maturity; plump seed with either high tillering 
or many seeds per spike and rapid early 
growth. The latter can be an advantage in cer- 
tain years but a disadvantage if the rainfall is 
concentrated in the early part of the season 
because after a large leaf area has developed 
the soil may be unable to meet the evaporative 
demand of the canopy. 

(3) Collect a large body of data to make 
future choices based on reliable information. 

(4) Give general training to scientists and 
technicians involved in the work. 

BREEDING STRATEGIES. Two breeding 
procedures are followed: the modified pedi- 
gree method and the backcross method. The 
latter is used only when correcting deficiencies 
such as the introduction of disease resistance 
genes and for the improvement of certain 
traits, such as height and kernel size. The 
modified scheme of the pedigree method of 
breeding is summarized as follows: 

Year 1 Spring: Crossing of A x B. 
Summer: F, generation (sum- 

mer nursery). 

Year 2 Spring: FZ grown at Tel Had- 
ya and plant selec- 
tion. 

Summer: F3 grown, generation 
advancement but no 
selection. 

Year 3 Spring: F4 grown at Tel Had- 
ya; plant selection 
and bulk of some 
crosses done for 
transfer of highly her- 
itable traits. 

Summer: Possible growing of 
F5 generation at 
Njoro, Kenya and 
disease testing. 

Year 4 Spring: F, or F6 grown; plant 
selection continued 
and bulking for mod- 
erately heritable 
traits. 

Year 5 Spring: F6 and F, plant sel- 
ection and bulking 
for all desirable 
traits. 

The work is planned so that two generations 
are grown per year with minimum summer nur- 
sery effort. Intensive plant selection takes place 
in F,. F4 and F6 generations. Generation advance 
and seed increase take place in F,, F3, and F, 
generations. Yield testing begins in the fourth 
year. Early bulks are tested beginning in year 
4 in non-replicated initial yield trials. Promising 
F, and later generation bulks are included di- 
rectly in preliminary yield trials (three repli- 
cations, six-row plots, each row 2.5 m). In both 
initial and preliminary yield trials, promotion of 
lines for subsequent testing is done on the basis 
of yield performance in comparison with three 
checks, and on plant and seed score. This in- 
cludes the following steps: 

Testing in advanced yield trials; plots are 
of six rows, 5 m long and with three replica- 
tions. 
Regional testing in observation nurseries. 
Regional testing in yield trials. 
On-farm trials. 

DEVELOPMENT OF IMPROVED BARLEY 
VARIETIES AND PRODUCTION TECHNOL- 
OGY FOR LOWER RAINFAILL AREAS. This 
project is the basis of the barley improvement 
work. The main objective is to develop barley 
germplasm with high yield potential, disease 
resistance, and which is adapted to low rainfall 
environments but also responsive to higher rain- 
fall years. 



The environmental conditions that prevailed 
at Tel Hadya during the last three seasons (19781 
79 to 1980181) were typical of the environments 
encountered in the region and thus were ex- 
tremely valuable to the plant breeder. The rain- 
fall in these growing seasons can be described 
as follows: 

1978179 1979180 1980181 

Autumn normal rainy below normal 
Winter normal rainy normal 
Spring dry normal rainy 
Total 
rainfall 242 mm 420 mm 374 mm 

The 1978179 season favored short cycle culti- 
vars, 1979180 season medium maturity duration 
cultivars, and 1980181 season late maturing. 

These variable environmental conditions have 
permitted the identification of genotypes adapted 
to a given environment. However, some lines 
showed a remarkable stability of performance 
across the three year period. A good example is 
2762lBeecher-6L. For this reason, it was chosen 
as the improved check. It was also the highest 
yielding line in the on-farm trials during the 
1980-81 season. 

The general development of yield levels among 
the 20 best entries in the advanced yield trials 
of the last three cropping seasons is presented 
in Table 1. Among this elite material, lines were 
selected and promoted to the international nur- 
series. Yields ranged from 3868 kgiha to 4486 
kgiha in 1978179; from 4203 to 5234 kglha in 
1979-80: and from 4923 to 5963 kglha in 19801 
81. This evolution corresponds to an increase of 
1.5 tiha over a three year period, or a raise in 
the general yield level of 0.5 Vhaiyear. Although 
not all the increase was due to genotypic effects, 
it does illustrate the rapid progress from selec- 
tion that can be made in the initial stages of a 
crop improvement program. 

The yields of the best entries in the crop sea- 
son 1980181, are presented in Table 2. Fifteen 
lines had an average yield exceeding 6000 kg 

Table 1. Evolution In yield levels among highest yielding entriss 
In advanced yield trials during the three growing seasons 
(197MO. 

(1978179) 

Rank Crosslpedtgree Yield % C M z  
- ~p 

1 Comp.Cr.89 4486 156.7 
5 Arizona 5908!Aths 4255 140.9 

CYB 8-16A-2A-2A-OA 
10 Esp.!lBMI-4L 4137 136.6 
15 Esp.!1808-2L 4046 115.8 
X1 9120;CI 13280 3868 121.7 

(1979:80) 

1 Impala 5234 168.24 
5 lmoala~11012.2 5023 161.45 

20 CI 13871 4203 140.61 

(19eOl81) 

1 MarilCM67 5963 150.12 
CMB 72-140-8Y-1B-3Y-10-1Y-OB 

5 Rihane' 5670 143.07 
10 HarmaYS 5361 159.36 
15 Malnan' 5346 134.90 
20 Rihane0S 4923 127.80 

'ICARDA cross barley. 
Thecks were different from year to year. In addition, the 
actual yields of the checks have not been included as lines 
were selected from different yield trials. However, the yields 
of the checks varied as follows during the 198Wl crop 
season: Arabic Abied: 3364 to 4148 kglha; Beecher: 3744 
to 4787 hglha; 2762lBeecher-6L: 3855 to 5052 kglha; Minn 
1261CN67: 3463 to 4210 kg!ha; WI 2197: 4330 to 4910 kglha. 

per hectare. These research station yields should 
be compared with an average yield of less than 
one tonlha over 10 million hectares in the 
ICARDA region. Again not all the difference is 
due to variety effects but it does illustrated the 
gap that exists between actual farmer's yields 
and potential yields of a large portion of the 
environments encountered in the ICARDA re- 
gion. 

The gain from selection in the international 
nurseries parallels that obtained at ICARDA sta- 
tions. During the growing season 1978!79, the 
yield in the RBYT (Regional Barley Yield Trial) 
varied from 2749 to 3378 kg!ha for the twenty 
barleys in that trial, in comparison with a yield 
of 2719 kglha for the national barley check, a 



mean yield of 2846 kglha for the triticaie check 
and a mean yield of 2242 kglha for the durum 
wheat check. Table 3 gives a brief summary of 
the last three crop seasons' RBYT results. 

In the 1980-81 RBYT, the yield over 22 lo- 
cations ranged from 4951 kglha to 3421 kglha 
for the barley genotypes included in the trial. 
The overall rank of the national check was 3. 

Tabk 2. Yieid Levels of highest yielding entries in peliminary 
ykid trials in the 1980181 season at Tel Hadya and Klardan. 
Rank Cmss/Pedgree YieM %Check 

1 Emiri:Esp.!Sv.Mari 6605 121.17 
L 68-3S4S-OAP-3AP-OAP 

2 Be8cher:Briggs' 6463 131.20 
3 W12349 6358 125.45 
4 Arizona 5908:Alhs 6185 130.98 
5 Bw.Mr:As54:3:Bco.Mr!1DsiApro14:2163 6173 128.55 

1Emmer V01141-587-409-Zaga 
CMB 76A-485-IAP-i APaAP 

6 Jha 33:M 66.85 6167 133.92 
CMB 74A-721-72-9s-3AP-2AP-OAP 

7 MarilCM67 6142 130.07 
CMB 72-140-18Y-iB-3Y.3B-OY 

8 Mzwths 6105 130.24 
CMB 74A-58-2B-2Y-iB-50OY-OB 

9 AuroreiEsp, 6105 129.29 
18-2L-9L 

10 Cerise 
11 WI 21971Cl 13520 

CMB 7 3 ~ - 3 3 - 2 ~ - 1 ~ - 1 ~ - 2 ~ - 0 ~  
13 WI 2269 6025 119.69 

2L-1AP-3AP-OAP 

'ICARDA cross barley 

Table 3. Summary of mean yields (kglha) of enbies in  the Re- 
gional Barley Yield Trials (RBYT) in three seasons. 

1978179 1979180 1980181 

Best barley line 3378 4150 4951 
Poorest barley line 3010 3267 3337 
National barley (check) 2719 3414 4521 
Durum check 2242 3424 3917 
Triticale check 2846 3397 4270 
LSD (0.05) 578 61 1 509 

At every location, several lines outyielded the 
local check significantly, indicating that in every 
country of the ICARDA region, potential barley 
yield can be improved. Barley variety ERlApm 
ranked number one in overall yield. It was se- 
lected in 19 of the 22 locations. Cine Emir1 
Nordgard 265 (entry No. 19) ranked second. 

The entry CI 8887lCI 5761 SEA-13-20s-1s- 
OS showed good resistance to five diseases 
(yellow rust, leaf rust, powdery mildew, net 
blotch and scald). Several other lines exhibited 
resistance to three of the five diseases. Menuet 
and Ky 63-1294 gave the highest yield among 
the entries with multiple resistance. 

Prior to their inclussion into the regional nur- 
sery system, lines are selected to fit the various 
crop growing conditions of the region. In the ad- 
vanced trials, days to heading varied from 106 
to 140 days and for days to maturity the vari- 
ation went from 142 to more than 165 days under 
Tel Hadya conditions. 

The 10th Preliminary Observation Nursery 
(PON), conducted in 1980181, comprised 150 
entries. Beecher was incuded as a check, and 
there were eight triticale lines. Based on data 
received from 18 locations, three lines originating 
from crosses made at ICARDA were among the 
ten most frequently selected lines. These are 
two sister lines from the Atlas 46lArivaVlAthenais 
cross, designated as Rihane and Rihane " S  and 
one line from CM67lBaladi 16 cross. (Table 4). 

The line Lima MonterioiBekailAurorei3iMari 
(No. 44) was the most frequently selected entry. 
It was selected at 9 locations. Two lines, As 
4611AWAths (No. 55) and M.E.H. 11.4IApml 
Dwarf 211iParilB65 (No. 124), were selected at 
8 locations. Protein contents ranged from 7.2% 
to 12.93.% 

During the 1980/81 growing season, several 
Male Sterile Facilitated Recurrent Selection Pop- 
ulations (MSFRSPs) were grown at Tel Hadya 
and Lattakia. These populations were: 

RSP-5Rrs. Resistant to Rhyncosporium 
secalis (scald). 

RSP-5Rpt. Resistant to Phyrenophora 
teres (net blotch). 



Table 4. The ten most promising llnes in the 1980181 preliminary observation nursery (PON-6). 
Entry FR2 OH3 DM4 PI.HIS PM6 Sc' NBB 
M. CrosslPedigree (cm) 

44 Lima Manteno~Beka'iAurore:3:Mafi 9 120 163 77 2 2 2 
55 Rihane' 8 119 165 86 2 2 2 

124 M.E.M.111.43!ApmiOwafl21l:ParilB65 8 115 160 77 4 3 1 
CMB 73A-867-3369-4AP-2AP-OAP 

24 Gifane 7 122 163 83 0 1 1 
26 Lignee 527 7 123 166 76 1 0 1 
27 Lgnee 640 7 121 166 76 0 2 1 
43 6BeraciBera 7 123 164 83 2 2 2 
49 ApiiCM67i:Por:U.Sask 1766 7 110 160 73 2 5 1 

CMB 75A-115-500Y-5006-OY 
56 Rihane0S 7 119 164 87 3 2 2 
71 CM67,Ba1.16' 7 115 160 73 1 3 2 

ICB 7623-1L-5AP-OAP 

'Barley crosses made at ICARDA. 
'FR = Frequency of selection, 15 locations. 
>DH = days to heading, 14 locations. 
'DM = days to maturity, 11 locations. 

RSP-SReg. Resistant to Erisiphe graminis 
(powdery mildew) 

CC30F-DRO for drought tolerance. 
CC30F-EAR for earliness. 
CC33A for resistance to barley yellow 

drawf virus (BYDV) and with 
short, stiff straw. 

CC33B also for resistance to BYDV. 

The emphasis in these populations was placed 
on disease resistance and drought tolerance. 
During the past season, the populations were 
made more dynamic by intercrossing with high 
yielding, adapted types having good plant char- 
acteristics and the required disease resistance 
for which the population has been built. This was 
helped through hand crossing, although natural 
hybridization was also taking place. Plants with 
the male sterile gene were tagged. 

DEVELOPMENT OF DUAL-PURPOSE BAR- 
LEYS (GRAIN AND GRAZING). In the North 
Africa and West Asia region, barley is often 
grazed by sheep during the winter months. In 
the drier areas, and especially in dry years, 
grazing of the barley crop can be a significant 
source of feed during the October to January1 
February period. 

5PI.Ht = plant height, 13 locations. 
V M  = powdery mildew, 2 locations. 
'Sc = scald, 5 locations. 
'NB = net blotch, 5 locations. 

The aim of this project is to identify potential 
dual purpose genotypes and to: 

(1) Assess the effect to different intensities 
of grazing at different growth stages in low, 
medium and high rainfall areas and 

(2) Identify morphological and physiological 
characteristics to be used in early generation 
selection for dual-purpose barley types. 

During the season, 69 genotypes were studied 
in replicated trials with C63 (an improved barley 
selection) as check. Grazing was simulated by 
cutting with a mower at the late tillering stage. 
Tillers were counted prior to heading, with dry 
matter being estimated using a rising plate meter 
at the jointing stage. Regrowth was estimated 
visually prior to maturity on a 1 to 5 scale with 
1 representing no loss of yield and 5 a visual 
estimate of loss in excess of 60%. 

There was a general decline in grain and dry 
matter yields following cutting (Table 5). The 
relationship between dry matter at cutting and 
grain yield may be used to separate forage, grain 
and dual-purpose barley types. At ICARDA this 
classification is made in relation to environ- 
mental indices for grain and dry matter yield. 
An index of 1.0 for either character represents 



Table 5. Grain yield on uncut plants and alter cuning, and dry matter yield of 
selected barley genotypes from 1980181 trials. 

Cross'pedigree 

Grain lypes 
WI 2197 
Lignee 1242 
Hexa 
Gerbel 
Europa 
Lignee 131 
Dual-purpose types 
Comp.Cr.29 
Celaya'CI 3909.2 
WI 2198 
11016.2!Weeah 
Seed Source-72 Sal. 
As54!Tra:i2'Cer!Toll32'Avt:Ki~,Bz 
!4!vt;5iPro 
Forage types 
Bco.MriMza 

Y~eld, uncul 
(kgiha) 

5059 
4784 
5596 
5062 
5389 
5278 

5546 
4586 
5605 
5414 
5426 
5552 

Yield, cut 
(kgha) 

Dry matter 
(kgiha) 

wlndser 2886 704' 5808 
'Herbicide damage caused a dramatic decrease in yield after cutting. 

the overall mean yield of all genotypes in all associated with the hulless attribute. Naked bar- 
environments (Fig. 1). Genotypes having higher leys are inferior to hulled in disease resistance 
grain yields but lower dry matter yields than and adaptation to drier areas. The principal nega- 
1.0 are considered grain types; those having tive trait is the exposed position of the seed germ 
higher grain and dry matter than 1.0 are con- on the kernel, for which no satisfactory genetic 
sidered duakpurpose types; and those with dry diversity has yet been found. 
matter yields hlclher than 1.0 but grain yields 
less than 1.0 areconsidered forage types. ~ e n o -  
types having both yields below the mean indices Durum Wheat improvement 
are discarded. 

DEVELOPMENT OF NAKED BARLEY VARI- 
ETIES. Several naked barley genotypes were 
selected from nurseries and segregating popu- 
lations and were yield tested. Many lines had 
an acceptable plant type, but only ApilCm67/!Dsi 
Apro and Patty (A) were significantly better than 
the check. 

There is an urgent need for greater genetic 
diversity for several morphological characters 

It is estimated that more than half of the area 
under durum wheat in West Asia and North Afri- 
ca receives less than 400 mm precipitation an- 
nually. A major objective of ICARDA's durum 
wheat improvement work is to generate germ- 
plasm, develop fixed lines and assist national 
programs in identifying cultivars to meet the 
needs of low rainfall and non-irrigated conditions. 
It is highly desirable to develop duram wheat 
germplasm that can perform satisfactorily under 



= overall mean dry matter 
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Fig. 1. Grain types, dual-purpose types, and forage types 
of barley identined during the 1980Al1 season. 

limited soil moisture levels, as well as having 
the capacity to respond well when water and 
nutrients become less limiting. 

CROSSES. Approximately 2100 crosses 
(single, three-way and double) were made during 
the 1980181 season. In 12% of the crosses, 
'exotic' (e.g. land races, and cultivars from coun- 
tries outside the region, and wild species) plants 
were used to broaden the genetic diversity of 
the breeding stock. Segregating populations were 
grown under both rainfed and under supple- 
mentary irrigation (2 sprinkler irrigations of about 
50 mm each) so that a bifurcated testing and 
selection procedure could be practiced. When 
lines are sufficiently homogeneous, yield trials 
are carried out under both rainfed and supple- 
mentary irrigated conditions. 

The first indication of yield potential in breeding 
material is taken from initial yield trials which 

constitute non-replicated yield testing in 3 m2 
plots. The highest yielding lines with the best 
agronomic characters are promoted to the pre- 
liminary yield trials (3 replications, 3 m2 plot size). 
The best lines from these trials are then tested 
in advanced yield trials (3 replications, 6 m2 plot 
size) before elite lines are sent for testing to 
national programs in the region. The numbers of 
entries in the three yield trials over the past two 
seasons are given in Table 6. 

In replicated yield trials the local check is the 
widely grown variety Haurani (yield level loo%), 
and the improved check variety is Stork. Prom- 
ising lines originated from CIMMYT (Mexico) are 
also evaluated in the yields trials. 

Table 6. The number entries 
tested in initial (IDYT), pnlimlnary 
(PDYT), and advanwd (ADYT) du- 
rum yield trlals at Tel Hadya over 
two seasons. 

Season 
Yield trial 1979!80 1980:81 

IDM 630 1023 
PDYT 682 572 
A D M  176 220 
TOTAL 1488 1815 

PERFORMANCE. The yield performance of 
the breeding lines in the advanced yield trials 
of the 1979180 and 1980181 seasons is repre- 
sented in Figure 2. The charts show the fre- 
quency distribution of the yields of the lines as 
relative values of the check variety Haurani. The 
figures show that there is an effect of the season 
on the size of cultivar differences. The difference 
in yield between Haurani and Stork was smaller 
in 1980181 compared to 1979180. It is encour- 
aging that almost all lines were superior in yield 
to Haurani. In the 1980181 season, a few lines 
gave yields almost twice of the local check vari- 
ety. The improved check Stork was outyielded 
more frequently than in 1979180. 

The correlation between the yield performance 
under rainfed and under supplementary irrigation 



30 r supplementary Irrigated 
n = 176  

Yield a a  %of ~ s u r a n i  ( = 100  % ) .  ~ r e r a g c  yic ld o f  Haul ln i :  

3146 kg/hs 

Yield ar %of Hnursni ( = 1 0 0  R ). Arerage yicld of  H a u r m i  : 
3 8 9 4  kglha 

fig. 2. Frequency distribution of the performance of the breeding mate~ial in the advanced yield nials at Tel Hadye station 
under rainfed and supplementary irrigation in 1979iXl (top charts) and 1980/81 (lower cham). The yields are expressed as 
percentage of check variety Haurani IH) ( =  100%). The yield level of improved check variety Stork ISI is  also indicated. 

~~ 

y i e l d  nr B of ~ a v r a n i  ( = l o o  S )  . ~ r e r r g e  yield of nnursni : y i e l d  as %of naurani ( = 1 0 0  R ) .  ~ v e r a g c  yie ld of Haursni  : 

2969 kglha 3 6 1 0  kglha 

was moderate in 1979180 (r = 0.49) and low in 
1980-81 (r = 0.27). The bifurcated selection 
system enabled lines with very high yields under 
both rainfed and irrigated conditions to be dis- 
tinguished from lines giving high yields under 
supplementary irrigation but low yields under 
rainfed conditions. One line (Rabi's71Fg'S', ICD 
741 08-1 L-1 AP-OAP) gave a relative yield of 
180% under both conditions. Lines that are high 
yielding under both conditions are expected to 
be best adapted in the ICARDA region where 

there are large fluctuations in annual precipi- 
tation. 

An impoftant aspect of the d ~ ~ m  wheat im- 
provement work is the distribution of improved 
germplasm throughout the region. Within the re- 
gion there is a large range of environmental con- 
ditions. The factors that vary include soil type, 
elevation, day length, annual precipitation, and 
pathogen population. To test the elite breeding 
lines under these conditions, international testing 
nurseries are distributed. These include obsewa- 



Table 7. Durum what entries selected a1 11 or more locations in the 198081 season (Pre 
liminary Observation Nursery grown at 25 locations). 

PON Disease scorez 

entry Protein Yellow Leaf Stem 
no. Crossipedigree FR' (%) rust rust rust 

6 D.dwarl S-15lCr's' 
033312-7Y-2M-1Y-OM 12 8.3 14 4 9 

14 Jo1CniGsi31Pg 
CD7474-10Y-2M.OY 13 11.2 21 9 6 

26 MexiiiChaoi21563 

29 D.dwad S-15ICr'S 
D33312.N-4M-1Y-OM 12 9.3 4 10 6 

65 Alo'SiCandeal II 
ICD7476-4L-2AP-OAP 13 10.5 11 15 37 

68 Fg'S!Jo'S!3!GuS:61-130liLds 
L05553L-ZAP-OAP 12 12.3 4 1 0 

69 Fg'S!Jo8':3iGu'SI61-13OI/Lds 
L0558-3L-3AP-OAP 11 11.7 13 18 13 

71 Cr'SltT.dic.vvernum!G11 's'I3i 
Cit 71 

L0584-1 L-ZAP-OAP 12 10.6 9 2 1 

'FR Numoer ot roca1,ons ,n rvn,ch rhe enrb has been selecrea for f~~lfher r)Se 
-Score 2 .  5 !ndrcares salrsfaclory rescsfanGe. 

tion nurseries and yield trials. The data received 
from cooperators are used to evaluate the adapt- 
ability of lines and discover additional charac- 
teristics in breeding material. 

PRELIMINARY OBSERVATION NURSER- 
IES. Lines giving high yields in yield trials in 
Syria and Lebanon and that appear well adapt- 
ed and which exhibit satisfactory disease resis- 
tance at a large number of locations in the region 
are promoted to one of the two preliminary ob- 
servation nurseries (PON); PON-durum or PON- 
rainfed. PON-rainfed is usually planted without 
supplementary irrigation and in low fertility 
conditions. The 1980181 PON-durum consisted 
of 138 promising durum lines and five triticale 
lines. Every 20th entry was a durum wheat check 
variety. In the 1980181 season, 64 of the 150 
entries in the PON-rainfed were experimental 

durum wheat lines; the remainder were bread- 
wheat lines, checks, and a few triticale lines. 

The experimental design was the same for 
both nurseries. Entries were sown in two rows, 
each 2.5 m long with 30 cm row spacing. Notes 
were taken on disease severity, number of days 
to heading and maturity and plant height. Seed 
quality was also tested. Cooperators indicated 
which lines appeared interesting for further use 
in their testing or breeding programs. The fre- 
quency with which a line was selected gave an 
indication of the adaptability of the line. 

Tables 7 and 8 list the most frequently selected 
lines in the observation nurseries. These lines, 
which are considered of interest in at least 40% 
of the locations, are believed to be much better 
adapted to the varying environmental conditions 
than entries selected at only one or two loca- 
tions. it appears possible to combine wide adapt- 



Table 8. Dbrum wheat entries selected at nine of more locations in the 1980 81 season (Pre 
liminary Observation Nursery [rainfed] grown af 22 locations). - -. - - -. . .- .- - 
PON.RI 
entry 
no. 
64 
66 

68 

69 

71 
72 

73 

76 

77 

78 
84 

117 

CM17512-2M.1Y-OAP 
Gdo vz 469:Garza 

Disease scoreZ 
Protein Yellow Leaf Stem 

FR' (%) mst ~1st lust 

9 11.2 14 4 0 
9 11.8 3 7 0 

'FR: Number of locations in whch the entry has been selected for further use 
2Scores 5 5 indicate satisfactory resistance. 

ability with high- protein content and disease 
resistance. 

PON entry No 68 (Table 7) and PON-rainfed 
entry No 76 (Table 8) had relatively low disease 
scores and almost the highest protein contents 
of the durum wheat lines tested. 

REGIONAL FIELD TRIALS. The lines with 
the best scores for the characters listed above 
are promoted to one of two regional yield trials: 
regional wheat yield trial (RWYT) or the rainfed 
wheat yield trial (RFWYT). Both trials comprised 
24 entries in 1980-81. Eleven of these were 
durum wheats, including one durum wheat check 
variety. Entry No. 24 represents the national pro- 
gram check variety which can be breadwheat or 
durum wheat. 

The 24 entries were planted in four replica- 
tions. Each plot consisted of six rows, 2.5 cm 
long with 30 cm row to row spacing. The yield 
of each line was measured, as were those char- 
acteristics recorded in the PON's. Some of the 
results of the regional wheat yield trial are pre- 
sented in Table 9. The durum wheat line with the 
highest average yield was Bittern's'. At 18 of the 
29 locations this line was among the ten highest 
yielding entries. However, the average yield of 
Bittern's' ranked only 7th, behind one triticale 
line, four breadwheat lines, and the national 
check. This stresses the need to focus irnprove- 
ment efforts on raising the yield potential of 
durum wheat. The two lowest ranking durum 
wheat entries (Nos. 15 and 16) were also the 
latest in heading and maturity. Medium-early lines 



Table 9. The mean performance of durum wheat lines in Me regional wheat ykid trial 
(RWYT) In the 1980 81 season. (Grown at T) locations.) - 
Entry 
no. - 
2 

4 

6 

Yield 
(kg!ha) Rank - 

7 

Days to 
heading 

Jori (Check) 
(V2-Cp x Vz 156iHau-AD-5-77) 

RabVS x D.dwarl S15-Cr'S 
CD4775-N-9Y-EM-OY-OKe 
Valnova ~ ~ ~~ 

Valgerardo 
Misn-MexVS'(Plc'S'Cr'Si2B 

L K x  60-120iGll'S 
CD10662.N-14M-3Y-4M-OY 

ICD74119-2L-OAP 3012 16 118 13.3 
24 Nal'nnal check 3280 5 113 14.0 

tend to perform better than late lines in the re- 
gion. Entry No. 6 had the highest protein content 
(16.1%) of the 24 entries. 

Table 10 contains some of the results of the 
rainfed wheat yield trial. The highest yielding 
durum line, Cr'S' (T.Po1.185.309 x T.P), had a 
higher average yield than all others. This line 
was among the ten highest yielding entries at 
11 of the 21 locations. It had also been included 
in PON-Rf in 1979180 where it was the most 
frequently selected durum wheat entry (at 14 out 
of 28 locations). The entries in the RfWYT did 
not show much variation in earliness and protein 
content. 

The recording of additional data for individual 
lines is only one of the benefits of the inter- 
national nurseries. These nurseries are also a 
means of spreading diverse and valuable lines 
throughout the region. Cooperators in national 

52 

programs select the lines that are best adapted 
to the local circumstances. 

Breadwheat Improvement 
Breadwheat is the most important cereal crop 

in the ICARDA region. Together with durum 
wheat it provides more than a half of the energy 
and protein in the diet of people living in the 
region. Breadwheat imports into the region have 
recently increased, and now average around 15 
million tons annually. Under rainfed conditions, 
breadwheat production averages less than 1 ton 
per hectare in the lower rainfall areas. 

The aim of the breadwheat breeding work is 
to develop high yielding varities and germplasm 
with stability of yield under both low and high 
rainfall conditions, with resistance to cold, heat 
and drought and adapted to the grain maturity 



Table 10. The mean perlormanee of durum wheat lines in the rainled wheat yield trial 
(RWYT) in the 1980181 season at 21 locations. 
Entry Yield Days to Protein 
no. Cross:pedlgree (ks:ha) Rank heading (%) 

2 Fg'S-00s 
CM17147-7M-10Y 31 09 14 123 14.1 

4 Mexi'S x Gs'S.Cr's"lb~s'S 
CD4504-G-3Y-5M-OY 3022 21 123 15.4 

6 Clt-Fg 
CM9927-IS-2s 2996 23 123 13.7 

8 D.S.15Geier 
CD523-3Y-IY-2M-OY 3097 15 121 13.3 

10 068-1 1:G11' x T.dic.v.Vernum 
C08642 3233 3 122 14.9 

12 Cooorit (Chedi) 3162 7 120 14.6 
13 Cr'S(T.Po1.185.309xTP) 3314 1 122 13.0 
15 S15-Cr'S[CfS(21563:61-130 

x Lds)] 
CD7454-15Y-1M-1Y-2M-OY 3090 17 124 13.5 

17 Ruff's x Jo - Cr 
CM18537-1Y-OY 3040 20 124 14.7 

19 Mexi'S x Chap21563 
CD1894-18Y-OY 3052 18 123 15.5 

21 Ch67-Jo'S x Cr'S 
CM12857-10Y-2M-1Y-OY 3126 12 125 13.6 

24 National check 31 52 10 121 13.1 

requirements of the different agro-climatic zones 
of the region. The germplasm developed should 
have resistance to the diseases and pests of the 
region, be resistant to shattering and lodging and 
have nutritional and grain quality suitable for 
consumer uses. 

Breadwheat breeding is a joint ICARDN 
ClMMYT endeavor. By co-ordinating the breed- 
ing work of both Centers, complementary facili- 
ties and expertise can be used to accelerate 
germplasm development and eliminate duplica- 
tion of efforts. 

Breeding of winter sown spring breadwheat 
has benefited from more than 15 years of inter- 
national testing and exchange of material. As a 
result there is now a good base of breeding ma- 
terial, and of high yielding, widely adapted vari- 
eties with good resistance to rust diseases and 
with improved Septoria tritici resistance. Breed- 
ing work needs to continually upgrade resistance 
to diseases as new biotypes develop and should 

add to the overall base of resistance to all crop 
hazards. 

The breadwheat improvement work is orga- 
nized in accordance with conventional pedigree 
breeding methods. Parental selection employs 
the regional network of ICARDA and CIMMYT 
testing sites to identify specific parents for 
special and general characteristics. Crossing 
includes single, top and double crosses with 
limited backcrossing. Disease resistant selec- 
tions are made from both naturally occurring and 
artificial epidemics and growing segregating pop- 
ulations in locations where disease, insect or 
environmental hazards occur regularly. Plant 
selections are made in Fp to F5 or Fs before 
bulking for yield testing. Yield testing is done 
for two years before material is sent to regional 
nurseries. Regional and international distribution 
includes advanced selections, segregating pop- 
ulations and parental material adapted to the 
conditions of the region. 



STRESS FACTORS. Segregating popuia- 
tions and yield triais are grown at Tel Hadya 
and at the Terbol and Kfardan stations in Leb- 
anon. Observation and segregating populations 
are grown in special sites in Syria to identify 
disease and drought reactions and other stress 
factors. At Tel Hadya all populations are grown 
under rainfed conditions, both with and without 
supplementary irrigation. Disease and insect 
resistance studies are co-ordinated with path- 
ology and entomology work in the development 
of artificial epidemics and the evaluation of 
material. 

A major emphasis in breadwheat breeding is 
on improving stability and resistance to drought, 
heat, and cold, resistance to stripe and leaf 
rust, Septoria tritici, common bunt, and sawfly. 

Visual grading of seed is practiced in all gen- 
erations of segregating material and on advanced 
lines. Complete quality testing for milling and 
baking is done on lines selected from yield trials. 

The 1980-81 growing season was favorable for 
both good plant development and stripe rust. 
Leaf rust developed late in the season. Heavy 
frost damage occurred on April Ist, particularly 
on the irrigated yield trials. Selection pressure 
was applied for stripe rust, shattering and late 
frost damage. There was low selection pressure 
on leaf rust. 

Frost damage and late rains with relatively 
cool temperatures favored late maturing vari- 
eties. A special effort was made to select early 
lines that performed well under these adverse 
conditions. 

During the 1980181 season 11 50 crosses were 
made. These concentrated on resistance to 
drought, stripe and leaf rust, Septoria tritici, 
common bunt and sawfly. In all crosses one 
parent had high yield and/or adaptation to the 
rainfed environment. From more than 20,000 
selections made, 8,555 were saved. Half of the 
populations saved was from F2 segregating pop- 
ulations. These data are given in Table 11 

YIELD TRIALS. International yield nurseries 
help to identify germplasm having superior yield, 

disease resistance and agronomically desirable 
characteristics. The trend in regional yield results 
over the period 1978 to 1981 indicates an in- 
crease in wide adaptability. Since the check used 
(Mexipak) is a high-yielding, widely adapted var- 
iety, no dramatic yield increase over the check is 
expected unless disease epidemics occur. Data 
for the international yield nurseries are pre- 
sented in Tables 12 and 13. 

Table 11. Summary of the number of lines of breadwheat 
orown at Tel Hadva in the 1980181 season and ~lanted at 
ihe beginning of ihe 1981182 season. 

No, of lines ~~ ~~ 

Type of nursery 1980:81 198182 
iCARDA international yield trials 82 20 
Other international yield trials 110 218 
ICARDA y~eld trials 2008 1370 
tCARDA international nurseries 21 2 125 
Other international nurseries 3084 1983 
National nurseries 747 72 
Segregating populations F, - Fa 11270 8555 
F, populations 650 1310 

The yield differences averaged over four years 
show that the average of the top yielding lines 
exceeded Mexipak by 185 kgiha and the local 
check by 265 kgiha (Table 12). In Table 13 it 
can be seen that the average of the top yielding 
lines showed yield increases of 161 kgiha and 
100 kgiha over Mexipak and the local check 
respectively in the regional rainfed wheat yield 
trial. The yield increases over Mexipak in each 
of the last two seasons were more than 400 kg/ 
ha in the regional trials and slightly less than 
200 kglha in the rainfed yield trials. This indi- 
cates a trend in more recent material towards 
greater adaptation. 

In Tables 14 and 15 data are presented for 
the regional wheat yield trial and the rainfed 
wheat yield trial for the 1980181 season. The top 
varieties showed substantial yield increases of 
200 to 400 kgiha in the regional yield trial over 
the two checks, but only HD2172 showed ade  
quate rust resistance. In the rainfed yield trial, 
only Moncho 's' combined high yield with good 
rust resistance. 



Table 12. Yield of the two h~ghest ylelding breadwheat lines in the reglona wheat 
vield trials cornoared to the two breadwheat check var e t i s  over lour crop seasons 
(197a-ii). 

Yieid (kg:ha) 

197778 1978:79 1979:80 1980:81 Average 

Mexipak 3278 3510 4004 3814 3652 
National check 3477 2830 4139 3843 3572 
Top breadwheat line 3477 3180 4434 4255 3837 
2nd breadwheat line 3469 3140 4323 4229 3790 
No, of locations 24 31 20 19 

Table 13. The yield of two highest yielding breadwheat lines in the rainfed wheat 
yield nial compared to the two breadwheat check varieties over four crop seasons 
(197841). 

Y~eid (kg'ha) 

197778 1978:79 1979:80 1980 81 Average - - -- 

Mexipak 2603 3069 3790 3609 3268 
Nations\ check 3045 3067 3529 3516 3289 
lop  breadwheal line 3040 3021 3849 3806 3429 
2nd breadwheat lhne 3008 2975 3788 3621 3348 
No of iocat~ons 20 31 12 15 

Table 14. A comparison of the three best yielding breadwheat varieties with 
Mexi~ak and the national check grown in the 1Rh regional wheat yield trial 
( r g i 1 ~ 1 )  at 19 locations. 

Yield Stripe Leaf Stem 
Varlety or Cross (kg ha) Rank Freq rust ~ s l  ~ s 1  

Mexlpak 3814 15 9 7 38 10 
Natlonal check 3843 13 7 3 13 7 
Hug0 1 4428 2 12 14 16 2 
Nacozarl"~" 4425 3 12 14 10 8 
HD2172 4012 9 11 0 2 4 

Table 15. A comparison of the three best yielding breadwheat lines with Mexipak and the 
national check grown in the 9th rainfed wheat yield trial (1980181) at 15 locations. 

Yield Stripe Leaf Stem 
Cross or Variety (kgha) Rank Freq. rusl rust rusl 

Mexloak 3603 7 5 - 29 0 
~atldnai check 3519 15 2 - 29 0 
Moncho"sM 3806 1 9 0 1 0 
CM 8288-A-3M6Y-SM-iY-OM 
Tob-8156xKal 3621 6 6 - 39 0 
CMB 782-OL-5L-3L-2L-0Ke- 
OSK-OAP 
Cno's'-Pj62xG1 1:Pcl's" 3575 10 8 - 1 0 
CM 35044-OL.1AP-OAP 



Table 16. A comparison of the three top yielding breadmeat tines h VH advanced preliminary 
and ~nitial yield trials as a percentage of the view of Mexlpak arown under rainfed and irri. 

No. of entries 189 189 630 819 1WO 
Mean yield of Mexipak (Mxp ) 3496 3072 4648 3355 3 8 8  
No, lines significantly 

greater than Mxp. 56 8 38 21 20 
Percent of Mxp., best line 137 113 124 113 127 
Percent of Mxp., 2nd line 131 110 118 108 122 
Percent of Mxp.. 3rd line 126 110 113 106 119 

In Table 16 results are given for advanced, 
preliminary, and initial yield trials under both 
rainfed and irrigated conditions. The irrigated 
trials received pre-emergence irrigation and a 
second irrigation in April giving a total of about 
125 mm additional water. Table 16 shows that a 
greater number of lines significantly outyielded 
Mexipak under irrigated compared to rainfed 
conditions. This was due in part to there being 
more stripe rust on irrigated Mexipak combined 
with increased shattering. Several lines showed 
good resistance to stripe rust and shattering in 
the 1980-81 yield trials. 

The results of trials at Tel Hadya and of the 
regional trials over the past four years indicate 
that greater resistance to stripe and leaf rusts 
are needed. The new material selected in 19801 
81 under good stripe rust conditions should im- 
prove the level of resistance to this disease. 
There are also a large number of winter x spring 
crosses included in the high yielding lines under 
both rainfed and supplementary irrigation con- 
ditions. These lines carry good resistance to rust 
and also appear to have good potential for 
drought resistance. 

TRlTlCALE IMPROVEMENT 
Triticale is derived from a cross between wheat 

(Triticum) and rye (Secale). It has been devel- 
oped with the aim of producing a cereal crop 
which combines the yield potential and grain use 
of wheat with rye's tolerance to environmental 

stresses such as drought, frost, heat, poor soils, 
and its resistance to disease. 

During 1981, a total of 456 triticale lines were 
tested for yield at Tel Hadya under rainfed con- 
ditions and at Terbol in Lebano-a high rainfall 
and fertile environment. Lines were also screened 
at seven other locations under varying agro- 
climatic conditions. These sites were: 

Khanasser, Syria: an arid site with frost 
damage possible during the anthesis and 
grain filling stages. 
Brida, Syria: a semi-arid to arid site, with low 
fertility and drought conditions. 
Kfardan, Lebanon: a semi-mountainous en- 
vironment. 
Laxia, Cyprus: an environment where early 
genotypes are successful. 
Beja, Tunisia: a high rainfall, fertile environ- 
ment where natural diseases are prevalent. 
Njoro, Kenya: a site suited for agronomic 
and disease screening, especially for rusts. 
Shaubak: a site used as a summer nursery 
and for screening for seed plumpness. 

Such testing is important in building up ade- 
quate genetic plasticity in triticale so the crop 
can face the erratic climatic conditions in the 
region. 

The following high yielding and widely adapted 
varieties were used as checks at Tel Hadya and 
Terbol: 2762iBeecher-6 (barley), S-3lllNorteno 
(breadwheat), Sahl (durum wheat), Beagle (tri- 
ticale), Mapache (triticale). 



Table 17. The yield of the best triticale lines grown at Tel Hadya and Twbol(1980181). 
Yield (k9'ha) 

1- Drira outcross 3500 
2- Ram's' 3267 
3- lR'M2A:iPi62:3:Bol 2894 

6- SH Sel  AT^-?6 WOR 2661 
7- Juanillo 89 2772 

'Checks: Sahl 2444 
S-31llN01teno 2650 
Beagle 2461 
Mapache 2021 

Several lines were identified as high yielding 
at Tel Hadya and at Terbol. They were also 
widely adapted because they were selected at 
different sites throughout the region. The majority 
of these lines had a full set of rye chromosomes 
showing the importance of rye germplasm in tri- 
tiiale's background in the West Asia and North 
Africa region. These lines also out-performed the 
wheat and triticale checks. Few lines were found 
to outyield barley in the rainfed conditions of 
1981. The lines which yielded more than the 
wheat and triticale checks at Tel Hadya and Ter- 
bol are shown in Table 17. 

The water deficit in the early part of the sea- 
son affected triticale crop establishment and 
vigor to a great extent. Important genetic vari- 
ability in growth vigor in triticale germplasm was 
found. Also, there was a significant positive cor- 
relation between vigor and grain yield in 1981 
(r = +0.71). 

Results obtained during the three previous 
cropping seasons indicated that earliness in tri- 
ticale genotypes is related to yield. However, 
several high yielding genotypes in 1981 were 
identified as medium-to-late in heading. This indi- 
cates that genotypes with different maturities 
should be produced to meet the varying require- 
ments of the region. 

The 1000 kernel weight, tiller number, and 
spikelet number measurements showed consis- 
tent and positive correlations with grain yield. 

% of (he ?&of the 
best check' Terbol best check 

132 5167 115 

The number of grainsispikelet showed a negative 
correlation with yield (Table 18). 

Table 18. Conelations belmeen yield and yield wmponenfs of 
triticale grown at Tel Hadya (t980W1). 

Gra~n: 
TKW' Tillers Sp~kelels Spikelel 

TKW' - 
Tillers 100365 - 
Spikelet t0.2879" t0.3589"' - 
Grain: - ~ 

Spikeiet 0.0906 t0.0328 -0.4046"' - 
Yield t 0 . W  c0.4350"' i0.5049"' -0.1918' 

'Thousand kernel weight. 
' p  s 0.05; " p  s 0.01; "'p s 0.001; n = 109. 

INDUSTRIAL AND NUTRITIONAL QUALITY. 
Several triticale lines were found to combine high 
yielding capacity, high protein percentage and 
high test weight (Table 19). A wide range of 
variability was found to exist for wheat meal 
fermentation time and particle size index, or 
hardness, suggesting that improvement can be 
achieved in the industrial quality of triticale grain. 

DUAL PURPOSE TRITICALES. In general 
triticale can tolerate and grow under the low 
winter temperatures of the Near East and North 
Africa. The crop uses the moisture available 
during the winter period efficiently. Dry matter 



Table 19. High yielding trltiiale genotypes with high 
protein content and high test weight gmwn at Tel Hadya 
H9B0181). 

Yield Protein Test 
Crosdped~gree (kg:ha) (%) weight 

Delfin 2828 14 9 74 
~ ~ 

PtrI/Octo BulkiBush 2772 14.5 74 
Drira:Zaragos&'ISoltane 3239 15.0 77 
Rm'S:Bzd:Cml 3084 14.5 73 
Trm:Bensing Turkestan:: 2713 156  74 
Rm'S 
Pnd:Rm 2961 14.7 76 

produced during the early stages of the season 
can also be used for animal feed. 

The ability of triticale to regenerate and pro- 
duce grain yield following cutting was evaluated 
in 118 lines. Dry matter protein content was also 
tested. Correlations were calculated between dry 
matter, protein content, grain yield after cutting, 
grain yield without cutting and total biological 
yield (Table 20). 

Table 20. Correlations between diflerent characters 
in dual purpose triticale lines. 

Grain Grain 
Protein yield yield 

(%I (after cut) (uncut) 

Dry matter 0.9307" 0.21 14' 0.3636" 
Protein % - 0.3434" 0.4637" 
Gra~n yield - 0 4682" 

(after cut) 
Graln yleld - 

(uncut) 
*p s 0.05: ';o s 0.01; n = 116. 

GENETIC VARIABILITY. As triticale is basi- 
cally dependant in its genetic advances on three 
different cereal crops (durum wheat, breadwheat 
and rye), the incorporation of local adaptation to 
frost, drought and diseases is important. It is 
also important to meet local nutritional and tech- 
nological requirements. Triticale improvement 
work at ICARDA includes improvements in rye 

in order to increase lodging resistance, improve 
plant architecture, increase self-fertility and to 
produce seed of good type, size and colour. 
The following crosses were made during 1981: 

(1) lntraspecific simple cross: 
crosses: 3-way cross: 

4-way cross: 
(2) interspecific breadwheat x triticale: 

crosses: triticale x durum wheat: 
durum wheat x triticale: 
durum wheat x breadwheat: 
triticale x rye: 
F, triticale x rye: 

(3) lntergeneric breadwheat x rye: 
crosses: durum wheat x rye: 

No. 
31 7 
100 
100 
30 
31 
11 
30 

186 
70 

117 
194 

One hundred inbred rye populations were used 
for crossing. Two of these had good seed type 
and a high 1000 kernel weight. Different selec- 
tions were made for height and good yield para- 
meters. 

High Elevation Research 
The ICARDA region has vast mountainous and 

sub-mountainous areas with an elevation of 1000 
to 3000 meters. The people and the crops there 
endure severe winters and hot summers. Exten- 
sive areas of this type exist in south west Asia, 
Turkey, Iraq, Iran, Afghanistan, and Pakistan, 
and they extend to northern parts of India and 
Nepal. The north African countries of Tunisia, 
Algeria, and Morocco also have extensive areas 
with similar agro-climatic conditions (Fig. 3). 

Approximately 109 million people inhabit the 
mountainous or sub-mountainous areas of their 
respective countries and of these the majority 
are engaged in agriculture (Table 21). Agri- 
culture has been traditionally neglected in these 
areas, except in Turkey, and has generally re- 
ceived few inputs from research and agricultural 
technology, The technologies developed for low- 
land agriculture in various ecological zones of 
the region are not applicable to the dryland farm- 
ing communities of the mountainous and sub- 
mountainous zones. 



fig. 3. High elevation areas in the West Asia and North Africa region and the testing sites used during the lW01X1 season. 

Table 21. Human population and wheat production in the mountainous and sub-mountainous areas of South 
West Asian and North African countries. (Source:FAO.) 

% 01 pop. Pop. in Wheat area3 
Population engaged rnl, areas Prod. Yield 

Country (millions) in agric, (millions) D' BWZ Total (mton) (kgiha) 

Afghanistan 21.5 78 12.9 0.2 2.2 2.4 2.2 91 7 
India 678.3 64 19.0 2.2 29.1 31.3 32.0 1502 
lran 36.9 39 110 0.04 4.4 4.5 5.2 1156 
lraq 12.6 41 1.1 0.3 1.0 1.3 1.3 989 
Nepal 13.9 93 8.3 0.0 0.4 0.4 0.4 1164 
Pak~stan 79.8 54 27.9 0.0 6.7 6.7 10.8 1608 
Turkey 44.2 56 17.7 2.15 6.5 8.6 18.0 2093 
Algeria 18.0 51 4.5 1.4 0.8 2.2 1.4 636 
Morocco 19.6 52 4.9 1.3 0.4 1.7 1 .8 1078 
Tunisia 6.2 41 1.6 1 1  0.1 1.2 0.8 678 
Total 931 .O 109.0 8.8 51.6 60.3 73.9 
'D: Durum 
'BW Beadwheat 
3Areas rn m,ll~ons of hectares 

CONSTRAINTS. In these areas, cereal crop Agro-climatic data is being collected to better 
yields are low. (A broad average is 650 kgiha.) understand the agricultural problems and prac- 
Water availability is a serious deficiency, but tices of the high elevations. Pakistan not only 
extremes of climate such as excessive heat and has a large population (28 million) inhabiting 
cold, diseases, and the lack of improved pro- these areas, but a high percentage of its total 
duction technology and suitable varieties all land mass is in this category. In the higher ele- 
contribute to low yields. vation areas of the country, including Swat (in 



the Himalayan valley) and Quetta, there is a 
need for greater research inputs. The production 
of cereals could be increased substantially by 
developing suitable varieties coupled with im- 
proved production practices. In general, these 
high plateaus have characteristic cold tempera- 
tures during winter, low rainfall, and rapid rises 
in temperature during the spring. Shallow soils 
are widespread. Therefore, a research project 
for Quetta in Pakistan and for Morocco was 
developed with its base at ICARDA's Tel Hadya 
site. 

MAJOR CROPS. The winter cereals (bread- 
wheat, durum wheat and barley) are the major 
crops of the high plateaus. They are not only the 
primary sources of human food but also provide 
animal feed. The whole economy of these areas 
revolves around cereals and animals (sheep). 
The cereal varieties used by farmers are mostly 
very old land races which are low yielding, sus- 
ceptible to lodging, prone to diseases (especially 
stripe rust and common bunt), and unsuitable for 
modern agriculture. Due to the great agro-climatic 
diversity of these areas, two types of varieties 
are successful. These are winter types for au- 
tumn planting which can withstand severe winters 
and short duration spring types for late winter 
or early spring planting which can escape or tol- 
erate moisture stress during the grain filling 
stage. 

Rye (Secale cereale) is another cereal crop 
grown commercially in some areas of Turkey and 
Morocco. This crop has several desirable char- 
acteristics such as superior winter hardiness, 
drought and disease tolerance, and short day 
length (8 hours) requirement in the reproductive 
phase. Thus, there is a need to explore the 
potential of triticale in the high plateaus which 
combines the desirable characteristics of wheat 
and rye. 

A multilocation testing and screening approach 
is being followed to develop suitable varieties for 
agro-climatically diverse high elevation regions. 
Material from the F, stage up to the yield trial 
stage of breadwheat, durum wheat, barley, and 

triticale was planted at three high elevation loca- 
tions in Pakistan. These were Quetta (1676 m), 
Pishin (1700 m), and Kan-Mehterzai (2500 m). 
Material was also planted in the high Atlas moun- 
tains in Morocco, principally at Annaceur (1345 
m) and Oulmes. Some lines were also planted 
at Sargaya (1445 m) in Syria. 

A set of all material was planted at Tel Hadya 
for seed increase and to develop further basic 
material through winter x winter, winter x spring, 
and top and double crosses. 

GERMPLASM SCREENING. Out of 4500 
lines in the USDA durum wheat collection, 1966 
with acceptable winter hardiness and disease tol- 
erance have been selected for further screening 
in Turkey. Some of these lines were employed 
in the crossing program to generate better germ- 
plasm. Similarly 186 lines of breadwheat and 32 
of durum wheat were selected out of 2000 lines 
andior varieties after testing at five locations in 
Turkey. With further selection pressure during 
the 1980181 season, only 15 lines have been 
retained. 

To broaden the genetic base, 100 lines and1 
or varieties of barley, 28 of breadwheat, and 
1170 of durum wheat were collected from the 
mountainous and sub-mountainous areas of the 
region and other countries of the world where 
winter habit cereal crops are grown. These were 
evaluated and further utilized in cereal improve- 
ment work during the 1980/81 season. A strong 
selection pressure was exercised to reduce the 
number of genotypes for the future. Out of 3300 . 
durum wheat and breadwheat lines, only 130 
have been retained for further testing and evalu- 
ation. 

EXPANSION OF THE GENETIC BASE. A 
substantial crossing program involving winter x 
winter, spring x winter, spring-winter x spring- 
winter combinations in barley, breadwheat, 
durum wheat, and triticale was carried out at 
Tel Hadya to expand the genetic base of these 
crops to develop better genotypes suitable for 
the mountainous and sub-mountainous areas of 
the ICARDA region (Table 22). 



Table 22. Numbers of new crosses and 
genaypes selected for high elevation 
areas from oreaawheat, durum wheat and 
barley material in 1980l81. 

Gener- Bread- 
ation wheat Dururn Barley 

F. 1017 544 579 

Agronomic and 
Physiological Studies 

The gap between cereal crop yields in farmers' 
fields and the potential yields for the West Asia 
and North Africa region is rather high. A large 
part of this gap can be closed through an im- 
provement in agronomic practices. The size of 
the yield gap is generally smaller in the higher 
rainfall and irrigated areas where inputs of fer- 
tilizer, machinery and herbicides result in lower 
risks to farmers. 

However, experience in the region suggests 
that equally good yield improvements can be 
made in the rainfall zones with less than 350 mm 
precipitation, where a large proportion of the 
durum wheat and barley crops are grown. Many 
of these crops receive very low inputs in terms 
of fertilizer, machinery, and herbicides. Many 
varieties are still grown that are susceptible to 
diseases and lodging and which have low yield 
potentials. 

While the size of the yield gap in the region 
is large, climatic uncertainty in rainfed areas and 
the consequent risks are also high. This necessi- 
tates careful analysis of both spatial and tem- 
poral variability in response to production prac- 
tices before advice can be confidently given to 
farmers. The purpose of this research is to pro- 
vide some of these data as the basis for eco- 
nomic evaluation of production inputs. 

Six types of experiments conducted in the 
1980/81 season are described below. 

NITROGEN x PHOSPHORUS RATES. These 
experiments included five rates of each fertilizer 
and were grown in farmers' fields in the different 
rainfall zones of northern Syria (two sites per 
zone). The levels of each fertilizer were varied 
according to the rainfall zone as was the crop. 
(Barley below 250 mm rainfall, durum wheat from 
250 to 350 mm and breadwheat above 350 mm 
and under irrigation.) 

The 1980181 season was the second year for 
this set of experiments. The data for two years 
have been included in Table 23. The variability 
of the responses so far, even within rainfall 
zones, indicates the need for more replication of 
this work. The negative response to nitrogen at 
one low rainfall site was associated with a very 
high initial soil nitrogen level in an area where 
crop failures are quite common. The negative 
response to nitrogen at one irrigated site was 
recorded on land with a long history of high levels 
of fertilizer application. Phosphate responses 
were similarly variable and could in future be 
linked to a soil test at sowing. These data should 
eventually lead, after economic analysis, to im- 
proved fertilizer recommendations for cereal pro- 
duction. 

Table 23. Nitrogen and phosphae nsponses of barley, d u ~ m  
wheat, and breadwheat arown in no~thern Svria in the 197980 
and 1980181 seasons. ' 

N reswnse P,05 resoonse . -  , 
Rainfall No. range range 
zone stes (kg:ha) (kglha) 

250 rnrn (barley) 4 negative 20 to over 80 . . 
to over 80 

25C-350 rnm (dururn) 4 40 to 80 0 to 30 
over 350 rnrn & 6 negalive 0 to 120 
irrigated to 240 
(breadwheat) 

"IMPROVED" PRACTICES. These experi- 
ments were sown at the same locations as the 
N x P experiments. The treatments were all com- 
binations of two levels ("improved" x 'Varmers") 
of each of three production practices (fertilizer, 
variety and weed control). 



Responses to fertilizer in the low rainfall zone 
(less then 250 mm, barley) were greater than the 
responses to chemical weed control, but the yield 
increase due to variety was insignificant. This 
result was similar to the results of the previous 
year. In the medium rainfall zone (250 to 350 
mm, durum wheat), the mean yield responses to 
fertilizer and weed control were 21 and 17% 
respectively, and there was no response to 
variety. In the previous year there had been no 
response to chemical weed control. In bread- 
wheat, there was no mean yield response to any 
improved practices under irrigation. 

While the number of sites studied so far is too 
few for meaningful economic analysis, it these 
two years' results are confirmed it appears that 
cereal grain yields in the low and medium rainfall 
areas can be improved by the use of both ferti- 
lizers and chemical weed control. However, the 
"farmers'" fertilizer level used in these experi- 
ments for irrigated conditions was higher than the 
"improved" level, and it may therefore be possi- 
ble that farmers can improve profitability by re- 
ducing their fertilizer application rates. Yield in- 
creases due to "improved" varieties may well 
change as more adapted varieties are produced 
through breeding. 

NITROGEN RATES ON GRAZED CEREALS. 
An exploratory experiment using three rates of 
nitrogen on two barley varieties and one wheat 
variety was grown at Tel Hadya under grazed 
and ungrazed conditions. Half of each plot was 

grazed at the tillering stage by sheep. Dry matter 
production at tillering was significantly influenced 
by variety and nitrogen rate (Table 24). The high- 
est yields of dry matter were obtained with C-63 
at 60 kg Niha. When no nitrogen was used, C-63 
outyielded Arabic Abied in dry matter, but when 
60 to 120 kg Niha was applied the difference was 
not significant. Grain yield was also influenced 
by nitrogen and variety (Table 25). Arabic Abied 
yielded significantly more under both the grazed 
and ungrazed conditions than both (2-63 and 
Gezira 17 to 0 and 60 kg Niha. The yield of 
Arabic Abied in the ungrazed conditions was sig- 
nificantly lower at 120 compared to 60 kg Niha, 
whereas it was not significantly different from 
the 60 kg Niha treatment in the grazed con- 
dition. 

EFFECT OF STAGE OF GROWTH AT 
GRAZING ON GRAIN YIELD. Two barley vari- 
eties and one wheat variety were subjected to 
grazing by sheep at the early tillering, the late 
tillering or the jointing stage, or were iefl un- 
grazed. The relationship between grain yield and 
dry matter taken by successively later grazings 
(Fig. 4) shows that, under the seasonal con- 
ditions of this experiment, even grazing at the 
late stem extension stage did not prevent some 
grain production in all three varieties. Thus, 
under similar conditions a farmer's decision on 
the timing of grazing will depend on his relative 
need for grazing compared to grain, and not on 
purely biological considerations. Differences 

Table 24. The effect of nltrogen and variety on Table 25. The effecl ol variety, nitrogen, and grazing on grain yield (kgiha) of 
dry matter yield (kgha) of durum wheat and durum wheat and barley (1980181 season). 
barley at tillering (198D18t season). Ungrazed Grazed 

Nitrogen rate (kgha) Variety ON 60N 120N ON 60N 120N 

Variety 0 60 120 Gezira 17 (durum) 2357 3413 3126 1846 2615 2886 
Gezira 17 (durum) 517 569 661 ArabicAbied(barley) 3408 4205 3690 2778 3404 3646 
Arabic Abied (barley) 436 751 863 C63 (barley) 2001 3463 3940 2013 2834 3287 
C-63 (barley) 612 876 680 LSD(O.05)-N means for the same variety-468 hglha. 

LSD (0.05)-N means for the same variety -Variety means for the same N rate-311 hgiha. 
-128 hglha. 

-Variety means for the same N 
rare-127 kg'ha. 



Table 26. The effect of sowing date, water regime, and seed rate 
on the yield of triticale (1980181 season). 
TI-Sown 3/12/80 

Yield (kg;ha) 
Seed rate One Two -~.. 

(kg:ha) Rainfed lrrlgalion irrigations Mean 

SO 5321 5774 5835 5643 . . 
100 5399 6496 5584 5826 
150 6112 7032 6399 6514 
200 5242 6858 5998 6033 
250 5088 5680 5408 5392 

Mean 5132 6370 5845 5882 

Dry matter removed by grnzine ITonIha1 

Fig. 4. Effect of dry matter removed by grazing on grain 
yield of one durum wheat variety and two barley varieties. 

between varieties for grain yield were significant 
(LSD, 0.05 = 650 kglha) under all grazing treat- 
ments but not ungrazed. Differences between 
varieties for dry matter yield at the times of 
grazing were also significant (LSD, 0.05 = 240 
kglha for early grazing, 542 kglha for medium 
and late grazing). 

PLANT POPULATION OF TRITICALE. A 
widely adapted triticale variety (Beagle) was 
grown using five plant densities under three 
water regimes (rainfed, one and two irrigations) 
and at three times of sowing at Tel Hadya. Anal- 
ysis of the grain yield (Table 26) indicates that 
for the early sowing date (December 3) the "op- 
timum" seed rate was 150 kglha, corresponding 
to about 260 plants/m2. For the medium and later 
sowings (December 22 and February 2) where 
there was some water restriction (rainfed or one 
irrigation) there was no significant yield increase 
over 50 kglha (about 90 plants/m2). However, 
for the late sowing where water restriction was 
less (one or two irrigations) the optimum seed 
rate was 100 kglha (180 plants/m2). 

These results, which are among the first for 
triticale in the region, imply that under longer 
season conditions where water is not a seriously 
limiting factor, seed rates of up to 150 kglha 

.. ~ ~ ~ 

250 3665 5071 5340 4692 
Mean 3686 5272 5067 4675 

50 2117 2917 3036 2690 
100 2790 3291 3918 3333 
150 2786 3446 3946 3393 
200 2832 3568 4282 3561 
250 2828 3554 441 2 3598 

Mean 2671 3355 3919 3315 

LSD (0.05) for seed rate means with the same waier treat- 
ment and sowing date = 746 kgtha. 

can lead to significant yield increases. Under 
shorter season conditions, where water may be 
a limiting factor, seed rates greater than 50 
kglha do not result in increased yields unless the 
water supply is also increased. 

Neither sowing date nor water regime signif- 
icantly affected the production of fertile tillers 
in this experiment. This suggests that the correct 
choice of seed rate to suit the environment is 
important in triticale since the crop did not ad- 
just to the prevailing conditions by producing til- 
lers. 

SALINITY AMELIORATION IN BARLEY 
PRODUCTION. Arabic Abied barley was sown 
in a set of combinations of ridge and furrow sow- 
i n g ~  in a salt lake bed using Arabic Abied barley. 
The crop was sown with and without phosphate 
and both before and after the first rains. Soil 



Table27. The effect of some amelioration treahnents on barley plant stand, yield, 
and head size in a saltaffected soil. 

Total Grain 
yleld yield Seedsi 

Treatment Plantshn2 (gim2) (gim2) head 
Ridge sown before rains t P205 101 59.3 22.9 5.2 
Ridge sown belore rains 73 51.2 18.6 4.8 
Ridge sown afier rains t P20s 112 74.1 
Ridge sown afier rams 117 67.1 
Furrow sown before rains t P205 119 75.2 
Furrow sown before rains 100 43.8 
Furrow sown alter rains t P,05 121 55.5 
Furrow sown after rains 115 38.5 
Mulched with barley straw 108 36.9 
Mulched with wheat straw 114 40.3 
Gypsum (2 tonneslha) 101 37.9 
Control 86 34.9 
LSD (0.05) 8 7.5 

salinity levels ranged from 20 to 100 mmhos at 
the site. Significant differences between the 
treatments were found for plants/m2, total bio- 
logical yield, grain yield and number of seeds 
per head (Table 27). Differences in plant estab- 
lishment were not consistently related to yield. 
However, differences in total biological yield were 
related to differences in grain yield which in turn 
were consistent with differences in head size 
(number of seeds per head). While this experi- 
ment was preliminary in nature it did indicate 
that sowing on ridges or furrows was better than 
on the flat, even in the presence of straw mulches 
or gypsum. It also showed that the addition of 
phosphate increased yields in most cases. It is 
likely that further investigation of simple agro- 
nomic techniques could increase yields of barley 
in salt-affected soils. 

Cereal Genotype x 
Environment Interactions 

A long-term method of improving cereal crop 
yields is through an understanding of the re- 
sponse of various genotypes to relevant factors 
of the environment. The first challenge of this 
method is to find ways of characterizing geno- 
typic differences that are not readily visible. The 

second challenge is to adapt these methods for 
rapid, cheap screening of large numbers of plant 
breeders' lines. Finally, it is necessaly to deter- 
mine the heritability of measured, desirable char- 
acters and to incorporate them into genetic 
stocks. 

One of the effective philosophies of plant 
breeding has implied that wide geographical 
adaptation and stability of performance over time 
are important in raising average crop yields. This 
has led to testing under a wide range of condi- 
tions and selecting widely adapted genotypes 
which, however, may not be especially well 
adapted at particular locations. It is considered 
that while this approach has Sewed cereal breed- 
ing well in the past, further advances will most 
likely come from seeking adaptation to specific 
environments. 

The new approach demands that more be 
known about the characteristics of both specific 
environments (sociological, economic, meteoro- 
logical, edaphic) and of the available genotypes. 
The experiments described in this project were 
aimed to assist in characterizing some genotypic 
responses to some factors of the environment 
of the region. 

Five types of experiments conducted by 
ICARDA are described below. 



DROUGHT TOLERANCE. Seven barley, 
seven durum wheat, six breadwheat and one 
triticale variety were grown at four levels of soil 
water (0, 1, 2 and 3 irrigations). Soil moisture 
was measured using a neutron probe, and some 
measurements were made of leaf diffusive re- 
sistance, transpiration rate and leaf temperature, 
attributes thought io be related to water stress 
in plants. Grain yield and yield components were 
also measured. 

Values of leaf diffusive resistance were linearly 
related to transpiration rates so that it appears 
that only one of these measurements is neces- 
sary. Leaf temperature differences between vari- 
eties were not large or consistent, so the value 
of this measurement in drouaht screenina is 
doubiful. However, differences i n  diffusive resis- 
tance measurements taken in the unstressed, 
vegetative stage (Table 28) did appear to be 
sufficiently large and were sufficiently consistent 
to be useful. 

The total rainfall in the season was about 420 
mm; consequently, the grain yield response to 
increased water was not great. However, there 
was a significant (P c 0.05) yield increase with 
one irrigation (approx. 70 mm of added water), 
particularly in the durum wheats, and there were 
significant interactions between water treatment 
and variety. It thus seems possible that with a 
wider range of water inputs in the future, dif- 
ferences in response to water stress may be 
found among varieties that will be useful in 
breeding for drought resistance. 

NITROGEN EFFICIENCY. Twenty cereal gen- 
otypes were grown with the addition of 0, 30, 
60, 120, and 240 kg Nlha following the re- 
moval of an unfertilized, irrigated maize crop. 
Grain yield and yield components and nitrogen 
uptake in the grain and straw were measured. 
Various indices of nitrogen efficiency were cai- 
culated. The grain yield levels in unfertilized plots 
were very low, even though irrigation was applied 
to reduce the likelihood of water limiting yield 
(Table 29). There were, however, some signif- 

Table 29. The yield of some cereal varieties under five rates of 
applied nitrogen. 

Variety 0 30 60 120 240 

Beecher 
C-63 
RTRarnage11.13 938 
Martin 1945 
R O ~ O  1364 
Esp 1808-4L 1747 
Yecora 70 827 
Arvand 1562 
Haramoun 1249 
FI Aurore 1258 
Moncho S 1157 
Clano S 1146 
Beaale 1324 

Jori 1213 2171 3595 4886 
Haurani 1327 2323 3685 4256 
Waha 1280 2432 3885 5122 
Sahl 1466 2511 3936 5603 

LSD (0.05) tor varieties within N levels = 847 kglha. 

Table 28. Mean diffusive resistance (secicm) of some barley, durum wheal, and Weadwheal 
varieties ai Tel Hadya. 

Barley MDR'  DUN^ wheal MDR Breadwheat MDR 

Antares 1.57 Sahl 1.27 ANand 1.31 
Beecher 1.53 Haurani 1.24 Yecma 70 1.22 
Marl~n 1.48 Cocorit 1.18 FlAurore 1.22 
Esp.11808-4L 1.31 JO~I 1.14 RonxCC 1.15 
Arabic Abied 4 Stork 1.10 Haramoun 1.13 
R.T.Ramagell.13 1.12 Waha 1 .10 Beagle (Trilicale) 1.10 
Roho 1.10 Cimarron.San Bursa 1.07 CnoS-PJ62xGa110 

IPic'S 0.95 

'MDR = mean diffusive resistance. Readings were taken on March 10 and Marcn 18. 1981. 



icant yield differences at 0 kg Nlha. Differences 
in the amount of nitrogen fertilizer required to 
give maximum grain yield were also evident. In 
general, barley required less nitrogen for maxi- 
mum grain yield than did wheat. This effect was 
related to efficiency with which applied nitrogen 
was utilized in grain production. Some examples 
of contrasting varieties are given in Table 30. 

Table 30. The nitrogen required for maximum grain yield and the 
net yield per unll of applied nitrogen for same cereal varieties. 

N(kg:ha) applied Net grain 
for m a .  yield:N applied 

Variety Crop grain yield (kgikg N)' 
Roho Barley 120 22 
Marttn Barley 60 48 
Arvand Breadwheal 240 18 
Ciano'S Breadwheat 240 19 
Beagle Trilicaie 240 22 
Haurani Durum 120 24 
Waha Durum 240 24 

'Nef grain yield = rnax.yleid-yield at zero applied N. 

Significant differences in total plant nitrogen 
uptake at maturity were more apparent at levels 
of 60 kg Nlha and above. However, there was 
an overall reduction in gross nitrogen utilization 
efficiency (actual grain yieldltotal N uptake at 
maturity) at higher rates (Table 31). The durum 
wheats and Beagle (triticale) had higher gross 
utilization efficiencies than the barleys and bread- 
wheats, but there were significant differences 
between genotypes at all nitrogen levels. Sahl 
(durum wheat) and Beagle (triticale) showed high 
efficiency at all levels, but Martin (barley) showed 
high efficiency only at the lower levels. 

These results, which agree in general with 
those of the 1979-80 season, could lead to an 
improvement in the profitability of nitrogen fer- 
tilizer application to cereal crops grown in both 
low and high fertility soils, and may be especially 
important where nitrogen fertilizers are either un- 
available or very expensive due to the increasing 
cost of manufacturing fuels. The data provide an 
additional criteria for plant breeders in the selec- 
tion of parents for the production of high yielding 
and input-efficient varieties. 

Tabk 31. The gross nitrogen utilization efficiency (grain 
yieldlN uptake, kg/$ N) of same cereal varieties at five 
rates of applied nitrogen. 

Applied N rate (kgtha) 
Variety 0 30 MI 120 240 

Barleys 
Beecher 48 54 48 42 27 
Cb3 50 49 47 44 27 
R.T.Rmage 11-13 48 50 43 39 29 
Malt in 53 57 45 42 22 
Roho 41 46 42 37 28 
Esp.:1808-4L 50 49 46 42 28 
Breadwheals 
Y w r a  70 40 41 40 38 28 
Arvand 58 65 50 54 34 
Haramoun 53 51 45 42 37 
FiAurore 54 51 36 43 26 
Moncho'S' 53 53 46 48 36 
Ciano'S' 51 47 45 44 37 
Beagle (trilicale) 63 59 56 56 46 
Durums 
Cocorit 71 54 56 46 56 41 
Stork 57 63 54 48 45 
Jon 47 50 46 39 36 
Haurani 
Waha 
Sahl 61 68 61 63 47 

LSD (U.U5), varieties wifhin N levels = 7. 

SCREENING OF DURUM GENOTYPES FOR 
NITROGEN RESPONSE. Forty-five durum 
wheat lines likely to be used as parents in the 
durum wheat breeding work were grown with irri- 
gation using ten nitrogen rates, following the 
removal of an unfertilized maize crop. Yield and 
nitrogen uptake were measured. Selected pre- 
liminary estimates of some nitrogen efficiency 
criteria are shown in Table 32. They indicate that, 
for the varieties shown, those giving high yield 
when no nitrogen was applied had a low effi- 
ciency of utilization of applied fertilizer, and a 
high nitrogen requirement for maximum yield. 
These data indicate that the field screening tech- 
nique may be useful in selecting parents for use 
in breeding more nitrogen efficient varieties. 

GRAIN YIELD RESPONSE OF BARLEY VA- 
RIETIES FOLLOWING GRAZING. This ex- 
periment was carried out in collaboration with 



Table 32. Yield response characteristics of selected durum genotypes. 
Yield with zero Maximum N rate at Net grain y~eldi 

Variety applied N(g!m2) yield;(gm2) max. yield (g!m2) gNapplied(g:gJq 
Cando 450 725 8.5 32 
i i i t tern'~' 400 850 18.0 25 
Faisca 450 725 22.5 12 
D-Dwarf 250 725 6.5 73 
Oviachic/Amarde]o 350 775 7.0 61 
Timgad 73 300 625 5.5 59 

'Net grain yield = max.yield-yleld at zero applied N. 

the Pasture and Forage Improvement Program. 
Eight barley varieties, selected for their high 
forage and hay yields, were either grazed or left 
ungrazed and their dry matter and grain yields 
were compared. The genotypes used in this ex- 
periment had been selected for high hay produc- 
tion by the Pasture and Forage Improvement 
Program but had not previously been tested for 
both dry matter yield at the tiliering stage (grazing 
time) and subsequent grain production after 
grazing. Dry matter yields at tillering were in 
general about 1000 kglha more than those of 
some dual-purpose and grain types grown 
under similar conditions in an adjoining experi- 
ment. The grain yields after grazing were not 
significantly lower than the yields from ungrazed 
plots, and significant differences (p. 5 0.01) were 
found between varieties both in the grazed and 
ungrazed condition. 

PLANT IDEOTYPE STUDIES. Four pairs of 
breadwheat varieties chosen for their high and 
low tillering, high and low 1000 kernel weight. 
high and low head fertility, and their large and 
small head size, were grown using plant den- 
sities of 50, 100, 200, 400 and 800 plantslm2. 
Yield and yield components were measured. 

Significant (P 5 0.01) yield differences were 
measured between varieties. However, two vari- 
eties (Sonalika and Ciano-67) were affected by 
late frost at anthesis and one variety (Orofen 
White) shattered badly before harvest. There 
were no significant differences among the aver- 
age yields (over all populations) of the other 
varieties, nor were there significant differences 

in the highest yields achieved by these varieties. 
The populations at which highest yields were ob- 
tained ranged from about 40 to 60 plantslm2. Dif- 
ferences between varieties in their yield w m -  
ponents were greatest at the lower plant density, 
but were in most cases not significant at the 
higher densities. 

In this experiment, the interaction of frost with 
maturity had a far greater effect on yield than 
plant population or yield component charac- 
teristics. Data from this type of experiment, ac- 
cumulated over a range of conditions, should 
assist plant breeders in determining the effective- 
ness of selection for the various yield com- 
ponents to assist in yield improvement, adapta- 
bility and stability. 

Disease Resistance 
and Control 

Wheat and barley diseases cause consider- 
able yield losses in countries of the ICARDA 
region. Although national and international 
centers have made some progress in breeding 
for resistance, especially for wheat rusts, dis- 
eases still decrease yields considerably. Some 
diseases have also been either under-estimated 
or completely neglected, including common bunt 
and bacterial diseases in wheat and covered 
smut and bacterial diseases in barley. 

Incorporating Disease Resistance 
The level of disease resistance in breeding 

materials in breadwheat is generally more satis- 



Incorporating multiple disease resistance in new wheat and barley lines has a high priority in ICARDA's breedidiq 
programs. 

factory than in durum wheats and barleys. This 
makes upgrading the level of resistance and 
broadening the genetic base in these two crops 
a high priority in ICARDA breeding programs. 

The cereal pathology program aims to assist 
breeders in ICARDA and the region in incor- 
porating resistance to the major cereal diseases. 
Screening, identifying and utilizing new genes for 
resistance and sources of broad-based and long 
lasting resistance is the back-bone of this pro- 
gram. The development of genetic stocks of bar- 
ley and wheat with different types of genes for 
resistance andlor gene combinations, along with 
germplasm characterized by resistance to dif- 
ferent diseases (i.e. multiple disease resistance) 
are the main thrust of this program. 
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Identified sources of resistance are made 
available to national programs in the region 
through the international nursery system. 

EVALUATION OF LINES. Evaluation for 
diseases starts in the same year that breeders 
evaluate for yield potential. Lines yield tested 
for the first time in the initial yield trials are auto- 
matically included in the initial disease nursery 
(iDN) and grown at Tel Hadya in the plastic 
house as well as in the disease nursery in the 
field. They are also grown at Lattakia (Syria) as 
well as in Terbol (Lebanon). These lines are eval- 
uated to the three rusts, powdery miklew, and 
common bunt in wheats in addition to powdery 
mildew, scald, leaf rust, and covered smut in 



Table 33. Key Location Disease Nurseries (KLDN) sites and diseases. 
Spring barley Spring wheat 

Location Sc' PM Hel. LR YR SR CS BB LR YR SR PM Hel. SLB CB 88  

M o m  
Tunisia 
EsVpt 
Syria 
Lebanon 
Turkey 
Pakistan 
Yemen 
Ethiopia 
K m v 2  , .- . . , - 
TOTAL 9  9 8 1 0 6 7 1 1  8  10 10 5 4 4 1 2  
'SC = Scald, PM = Powdery mildew, Hel. = Helmithosporium spp. 
LR = Leaf msf, YR = Yellow rusf, SR = Sfem rusf. CS = Covered smut 
BE = Bacterial blight, SLB = Sepforia leaf blotch, CB = Common bunt 
'Severe disease development 

"Very severe disease developmenf. 

barley. Superior lines are then promoted to the 
preliminary stage of yield test and are auto- 
matically included in the Key Location Disease 
Nursery (KLDN) grown in hot spot locations in 
the region for disease evaluation (Table 33). 
Entries promoted to the third year of yield test- 
ing (advance yield trials) are also automatically 
included in the KLDN. Lines having good yield 
potential and adequate disease resistance are 
then made available to cooperating national pro- 
grams in the region through the international nur- 
sery system. 

Moreover, lines generated in the international 
nurseries and grown under a wide range of agro- 
climatic conditions are categorized for their re- 
sistance to diseases of importance in the region. 
A pattern analysis is conducted for the majority 
of the diseases of importance and representative 
varieties from each group are selected on the 
basis of their better yield performance and adapt- 
ability in the region. These are then intercrossed 
to combine the different sources of genes to- 
gether. On the other hand, varieties showing a 
broad base of resistance are identified same as 
those showing multiple disease resistance. 

During the current crop season, 1980181, a 
total of 3874 barley, 3522 durum and triticale, 
and 5260 breadwheat lines were screened for 

diseases in the plastic house and in disease 
nurseries at Tel Hadya. Gebla (near Lattakia), 
and Terbol stations. Breadwheats and durums 
were evaluated for their reaction to the three 
rusts and powdery mildew while barleys were 
screened for leaf rust, powdery mildew, and 
scald. Yellow rust inoculation and development 
were quite severe this year on wheat and to a 
lesser extent leaf rust at both Tel Hadya and 
Gebla. In barley, leaf rust, powdery mildew, and 
scald reached a satisfactory level at these loca- 
tions. This material has been scored for the dif- 
ferent diseases and lines showing adequate lev- 
els of resistance have been selected for further 
use in the breeding programs. 

A set of 1700 advanced breeding lines of 
barley in diierent stages of yield testing was 
evaluated to a composite collection of covered 
smut collected from Syria. The same was done 
with 2400 durums and 3351 breadwheats to 
common bunt. The data show that in general 
durum wheats are more resistant than bread- 
wheats. The average percentage of infection of 
all entries in the KLDN-BW (1200 entries) was 
60.5%, compared with 41.5% in the IDN (1153 
entries). The percentage of lines showing high 
resistance (0-T) in the former set was lower than 
that in the latter (Table 34). This is mainly due 



Table 34. Number and percentage of entries In common bunt disease categories. Bnadwheat disease screening nurseries 
(Aleppo 1980181). 

Disease calegory, number, and average percentage of infection (APi) of enlries' 
Nursery O-Trace 7-596 5 1 0 %  1&20% 2030% 3 W %  5&70% 7C-100% 

No API No API No API No API No API No API No API Na API 

KLDN' 98 8.70 39 3.46 46 4.09 56 4.97 50 4.44 194 17.23 329 29.22 314 27.89 
OSN' 302 26.51 101 8.87 82 7.20 97 8.52 79 6.94 213 18.70 166 14.57 99 8.69 

'Average percentage of infection ot all varieties-KLDN (60.5%). IDN (41.5%). 

Table 35. Breadwheat and durum lines with good resistance to six collections of wmmon bunt. 
Collection and average 

Var. ?& of infection' Overall 
no. Designation 1 2 3 4 5 6 average 
22 Paha = Suwon92-Omar 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
6 Pi01 0.0 0.1 0.0 0.2 0.0 0.0 0.1 

12 Neugaines 0.6 0.0 0 0  0.0 0.0 0.0 0.1 
13 Kirac 66 0.7 0.3 0.0 0.3 0.2 0.2 0.3 
40 Haurani 0.8 0.6 1 1  0.3 1.1 0.9 0.8 
33 Lancofen 1.3 0.0 0.2 2.8 0.6 0.4 0.9 

8 Cimarron:Sari Bursa7118 2.4 0.5 0.4 2.9 0.4 0.5 1.2 
YE 1134-6E-OE 

42 MC Dermid 0.8 0.0 2.5 1.6 1.2 1.2 1.2 
66 (Cj54-36896xGb56')Yalta-Mxp 0.3 2.1 0.0 2.8 1.9 0.6 1.3 
17 Luke 1.5 0.9 1.1 1.5 2.2 1.5 1.4 
34 HD 2169 3.6 0.2 0.5 3.5 0.3 0.0 1.6 
23 SuperxCardinal 1.5 2.7 0.9 4.3 1.5 0.5 1.9 

L 122-3L-2L.OAP 

'Collection: 1 Syria, 2 Turkey spring wheat area, 3 Turkey winter wheat area, 4 Lebanon; 
5 Tunisia. 6 lran. 

to the selection pressure made in selecting for sowing date compared to 7.46% with the Iranian. 
common bunt resistance in addition to the use In the second sowing date it was 14.33% and 
of resistance sources in the breeding program. 3.58%, respectively (Table 36). 

An attempt was made to identify sources of Some of the varieties used show a differential 
broad-based resistance to six common bunt reaction to the common bunt collections (Table 
collections, from Syria, Turkey (spring and win- 37). 
ter wheat areas), Cebanon, Tunisia,-and Iran. 

Tabk 36. Mean percentage of infection of all vari- 
The material inoculated comprised sources of eties to different common bunt collections. 
resistance to this disease used in ICARDA or 

Sowing date and av. O/. of infection 
in other wheat improvement programs in the 
region. Collecl~on First Smnd 

source sowing date sowing dale 
The results obtained showed that some of the 

varieties tested confer a good level of resistance lran 7.46 3.58 
Turkey(WW) 11.93 9.59 

to all six (Table 35). Turkey(SW) 12.30 9.20 
There were significant differences in the vir- Tunisia 15.62 14.19 

ulence of the c~llections. The overall average Syria 19.53 14.61 
percentage of infection of all varieties was Lebanon 20.95 14.33 
20.95% with the Lebanese collection in the first LSD 0.05 3.33 4.06 



Tabk 37. Varieties showing diltereniial reaction lo m m o n  bunt collections (Aleppo, 1980181). 

Collect~on and average % ol intect~on 

Turkey Turkey 
Variety Syria (SW) (WW) Lebanon Tunlsia Iran 

First Sowing Date (LSD 005 = 27.25) 
Tobi8156::Kal 8.1 1.6 1.7 - 56.7 4.9 0 0  
CM8783-OL-5L-3L-2L-Oke-0SK.OAP 
Fo!ThiK58/Ni3'My54:NlOBl/An!4~Rfn~CaIn 5.1 0.5 1.4 412 0.3 1.4 
SWD70031-02W-1H.l H-OP 
Cno2-Tob66iDga 23.8 1 .O 0 0  - 33.0 0.7 0.4 
11-30466~0M-2S-1S~OS 
Ron70-71-In14775 550 0.0 0.0 274 12.4 0 0  

- 
Hugo I 12.3 3.1 0.0 - 36.6 4.0 0.9 
Jar.Cut"S' 0.0 4.2 2.3 - 51.7 2.3 0 0  
SE804-2S-1S-3S-OS 
Second Sowing Dale (LSD 0.05 = 33.27) 
Tob:8156::Kal 4.2 1.7 1.4 702 0.0 2.0 

- 
Fn,WK58iNi3iMy54:N1OB:~An:4iRlnCofn 7.3 0.0 1.8 - 75.1 1.8 0 0  
SWD70031-02W-1H-1 H-OP 
Hugo 1 13.5 1 8  0.6 41.8 1.9 0.8 

KEY LOCATION NURSERIES. Emphasis 
was given in 1981 to the key locations disease 
nursery (KLDN) which included all advance 
breeding lines at the preliminary and advanced 
stages of yield testing in each of the four crops. 
The nurseries comprised 1200 entries each of 
barley, durum wheat, triticale, and breadwheat. 
The aim was to select resistant material to these 
diseases and to evaluate the adaptation of the 
lines prior to their promotion to the international 
nurseries: All locations were visited and data 
taken except North Yemen, Ethiopia, and Kenya. 
However, good disease data have been received 
from these locations. 

Leaf rust on barley was very severe at lzmir 
(Turkey), yellow rust and scald at lslamabad 
(Pakistan), and leaf rust, powdery mildew and 
scald at Tel Hadya and Gebla (Syria). Ninety- 
seven barleys showed good resistance to leaf 
rust at lzmir. Out of these, 68 showed also good 
resistance to yellow rust and scald at Islamabad 

while only 47 showed resistance to scald, 
powdery mildew and stem rust as well across all 
locations. In addition, a few varieties, showing a 
very low severity of susceptible reaction to leaf 
rust were selected, based on lzmir data, when- 
ever they were found resistant to other diseases 
at other locations. These will be further tested 
for slow rusting. 

Similarly, in the KLDN-Durum, Debre Zeit 
(Ethiopia) is known to be a location where stem 
rust virulences on durums are prevalent. The 
data from this location indicated that out of the 
915 dururn lines tested twelve were resistant to 
stem rust, 246 showed a moderate susceptible 
reaction coupled with very low severity (Trace), 
95 showed a 5MS severityltype reaction, and 562 
showed either a susceptible reaction or a mod- 
erately susceptible reaction coupled with high 
severity. For leaf rust, 181 lines were resistant 
and 64 out of these showed a moderate sus- 
ceptible type reaction to stem rust with a very 



low severity. On the other hand, all the triticale 
lines tested were resistant to both leaf and stem 
rusts at Debre Zeit. 

In ILDN-BW, 273 entries showed good resis- 
tance to all three rusts across locations. 

DATA ANALYZED. Disease data on the bar- 
ley, breadwheat, and durum material generated 
in the different international nurseries have been 
analyzed. The aim is to identify lines with dif- 
ferent resistance genes to these diseases and 
also to identify those with multiple disease re- 
sistance. Information on lines with multiple dis- 
ease resistance during 1980181 season was 
checked against the previous year's results and 
was then made available to breeders during the 
crossing period. Twenty-five lines were identified 
for durum, 24 for barley, and 19 for breadwheats. 
Examples of these lines are presented in Tables 
38 and 39. Several of these sources have been 
used in the breeding programs. In addition, lines 
with different sources of genes for resistance to 
a particular disease have been intercrossed with 
the aim of bringing these sources together (Table 
40), and other crosses have been made to de- 
velop germplasm with multiple disease resis- 
tance (Table 41). 

Chemical Control 

To develop conditions conducive to disease 
development at Tel Hadya, attempts were made 
to study the methodology of disease develop- 
ment, evaluation, and inoculum preservation of 
diseases of importance in the region. The chem- 
ical control of two diseases (covered smut of 
barley and common bunt on wheat) was also 
attempted in an aim to devise management 
strategies of use to national programs in the 
region. 

The effect of soil vs. seed borne spores of 
common bunt of wheat as a source of infection 
was studied. Seeds of twelve susceptible bread- 
wheat varieties which differed in earliness were 
used. Half of the seed was inoculated at the rate 
of 5 gms sporeslkg seed and the half was unin- 

oculated. The seed was planted at three different 
sowing dates: 1811 1180, 14112180 and 911181. 
The results showed that at least in some vari- 
eties (BW 4, Kal-Bb and lnia-RL 4220X 7c/Yr 
"S") soil borne spores are a source of infection 
and that early planting resulted in a higher infec- 
tion percentage. 

In a study on the effect of different fungicides 
as seed treatments in controlling common bunt 
of wheat, the results showed that Hexachloro- 
benzine, Dithane S60, and Vitavax 200 are su- 
perior to Kenolate 15. In the case of covered 
smut of barley Vitavax 200, Dithane S60 and 
Kenolate 15 were significantly better than Hexa- 
chlorobenzine. 

Insect Pest Resistance 
WHEAT STEM SAWFLY. The resistance of 

296 durum wheat, 231 breadwheat and 27 barley 
lines to wheat stem sawfly was studied in 1981. 

Screening for resistance to stem saw fly in wheat 



TaWe 38. Durum lines with multlple disease resistance for crossing program (19BOt81). 

Varieiyiline YR LR SR PM Sepl. TS BB Bunt BYDV Sadly' 

BiUern " S  
CM 9799-126M-1M-5Y-OY 

Ddwad S 15-Cr"S 
D 33312-501Y-OM 

ca "WFg'S 
CD 3566-5Y-1M4Y 

Ruff"S!FgSS 
CM 9880.25M-3Y-1M-DY 

Gta'S"F9"S" 
CM 10145-15M-1Y-OM 

61-130.Akb,253i39 
C 24-42E-1 E-IE-1E-OE 

T.K.S.Sel 111 
Tuntian  DUN^ 8 
'VR: Yellow Rust; LR: Leal Rust; SR: Stem Rust P.M: Powdery Mildew; Sept.: Septoria Tritici; TS: Tan Spot. 
BYDV Barley Yellow Dwarf Virus. 

Martin 
5Cr 276-92 (9120lCI 13280) 
A ~ r e  , -" 
Cr 355i8 (Giza 120iNS43) 
bbuene 
Imperial CI 4271 

'SC = Scald; NB = Net Blotch; St"pe = Stdpe disease; BSMV = Barley Stripe Mosaic Virus; CystN. = Cyst Nematode. 

T.Me 4~2 Examplea of durum crosses made to combine different 
iwes of resistance genes to disease. 

Wped 'g ree  Res~stant to:' 

- 
& SR 
YR. LA. SR, Bact.bl 

Ch67lEgypt local No.8 - LR, PM 
ICD 80.1725 - LR, SR,Sept. 

'Diseases underlined represent different sources of resis- 
mnce In parental varieties. 

Tabk 41. Some of Me d u ~ m  aoasss made to bulld 
germplasm with munipk dlsepse resistance. 

crossipedigree Resistant to: 

Ch67:Parana66270 PM 
ICD B(I1W YR. LR. SR. Bact.bl. ~- .. ~.. . . 
Mexi7YBiS' SR' 
ICD 80.176 YR, PM, Sept., Bact.bl., BYDV 
P662701iCr'S'iPic'S YR. LR, SR, Bact.bl. 
ICD 80.210 YR. PM, BYDV, Sawfiy 
RoussiaBD1419iiBiS' SR 
ICD 80.219 YR, PM, Sepl, Bact.bl., BYDV 
BilS'iiRflS'iFg'S YR, PM, Sepl, Bactbl.. BYDV 
ICD 60.327 YR, LA, SR, PM, BYDV 



These lines were selected in previous years for 
their resistance to natural and artificial infes- 
tation of wheat stem sawfly. Table 42 sum- 
marises the results of this study. After four years 
of evaluation, several durum wheat and bread- 
wheat lines have been selected as promising for 
their resistance to the wheat stem sawfly (Table 
43). 

Lines and cultivars used in the farmers' field 
verification trials were also evaluated for wheat 
stem sawfly damage. Percentages of infestation 

Tabk 42. The number of cereal llnes tested lor re- 
sislance to wheat stem sarrfly at Tel Hadya and the 
percentage of raslstant lines found. 

No. of Range of No. 8 (w) 
lines infes- resisl. 

CmP tested lalion lines 
Durum 296 0-32.3 81(27.4) 
Breadwheat 231 0.645.9 9( 3.9) 
Barlw 27 & 4.6 61Z.21 

Table 43. Promising durum and breadwheat lines selected for 
thelr resistance to wheat stem sawfiy (1980181 season). 

No. years Range of Average 
Crossipedigree tested infestation ~nfestation 

Dururn 
D.Dwad 's'l5xCr's' 4 0.726.64 2.54 
C<s'(21563/61-13OxLds) 4 0.34-11.35 4.06 
M 225-2M-1Y-OM0 
Gerardo VZ 469-crs' 3 LT 2.27 0.92 
CM 4592s-2S-1s-OS 
0-2 3 085-1.66 1.19 
0-25 3 LT 3.46 1.35 
PI 272552 Pmvlnciale 2 0 - 0  0 
PI 192845 Mourisco 7746 V79 2 0 4 . 7 0  0.35 
C115258 Gerardo 517 2 0.54-0.71 0.92 
D-DWafS-15ICh' 1 1.17 
D 33312-7Y-4M-1Y-OM 
Rabi's':Fg's'/GdoVZ 466 1 
ICD 7437-4L-1APOAP 
Breadwheat 
MI 777-CI9294!Forluna 4 0.614.60 1.74 
MT 773-Cl9294:Forluna 4 0.51-4.66 1.99 
Fortuna 4 0.42-5.09 3.50 
Tob's' P156xY50E-KJ3 3 1.85-5.41 3.58 
CM 15624-3S-2s-2s-OS 

differed with location, species of cereal crop and 
cultivar or line. However, some consistently re- 
sistant material was identified. 

CEREAL APHIDS. Screening for resistance 
to aphids was conducted at Tel Hadya during 
1981. Two durum wheat lines were rated as 
highly resistant. These were PI 158733 ASA DE 
CORVO and PI 134921 2869. After two years 
of evaluation the following breadwheat lines have 
been selected for aphid resistance: MT 7710 = 
Ci 11490/Fortuna, MT 772 = CI 932liResaie, 
MT 777 = CI 9294lFottuna, MT 779 = CI 
11 49OlFortuna. Santoun. 

Weed Control 
SELECTION OF GENOTYPES. The pur- 

pose of this experiment was to select the most 
competitive genotypes and to develop cultivars 
which could suppress weeds in regions where 
other means of weed control are not feasible. 
From the 1980-81 preliminary observation nur- 
series, 340 genotypes were tested. Results were 
based on the total dry weight of weeds (TDW) 
in each of the four crops. Barley showed the 
highest competitive ability, followed by triticale, 
breadwheat, and durum wheat. Heights of plants 
were measured and the mean tiller numberiplant 
were counted. However, there were no signifi- 
cant correlations between them and the compet- 
itive ability of the plant. Good competitors among 
the four crops were identified. 

COMPETITION STUDIES ON WHEAT AND 
BARLEY. Results showed that there were no 
significant correlations between yield, seed-rate, 
and competitive ability of eleven varieties of 
each of breadwheat and durum tested at two 
seeding rates: 120 and 180 kglha. Nine varieties 
of barley were tested at two seeding rates: 100 
and 150 kglha. However, the results were similar 
to those obtained with wheat. 



Table 44. Cereal tolerance to three different herbicides. 
Phyloloxicily in EWRC Smres' 

Cvanazine Oinosebacelate MCPA -,- - -  - ~ ~~~~ ~ 

CROP 0.5 kg ai:ha 2.5 kg ai:ha 1.5 kg ai:ha 
Breadwheat (Mean of 32 entries) 3.64 1.36 1.06 
011r11rn (Mean of 32 entries) 3.34 1.72 1.02 -. . .. , ~~ ~ 

Barley (Mean of 85 entries! 3.31 1.75 1.30 
Tr~ticale (Mean of 40 entries) 4.68 1.49 1.28 

'EWRC: European Weed Research Council. The score is from 1 lo 9; 7 repre- 
sents no phytotoxicir/ and 9 represenls complete kill. 

Herbicides for Broadleaf Control 

POST-EMERGENCE HERBICIDES. TWO 
trials were conducted. The purpose was to 
retest the herbicides which gave the best results 
during the previous season. Nine herbicides were 
applied individually and in mixtures on bread- 
wheat and barley. Results showed that benta- 
zone + MCPA (1.0 + 0.5 kg a.i.iha) was the 
best mixture on breadwheat followed by benta- 
zone (1.0 kg a.i.iha) and bentazone + MCPA 
(1.0 + 0.25 kg a.i./ha). On barley, the most 
effective herbicide was bentazone (1.0 kg a.i./ha), 
followed by bentazone + MCPA (1.0 + 0.25 
kg a.i.iha), and bentazone (1.5 kg a.i.iha). 

A similar experiment was conducted at Terbol 
using different rates of five herbicides. Results 
showed that cyanazine (0.4 kg a.i.iha) was the 
most effective, followed by methabenzthiazuron 
(2.0 kg a.i./ha) and dinoseb-acetate (2.0 kg a.i.1 
ha). 

CEREAL TOLERANCE SCREENING. The 
tolerance to three herbicides of 190 genotypes 
in the 1980/81 preliminary 0bse~ation nurseries 
was tested. Results showed a large variability 
in tolerance among genotypes within a species. 
No such variability was noticed between crops. 
Table 44 shows that MCPA was best tolerated 
by all four crops, followed by dinoseb-acetate. 
Cyanazine caused rather heavy symptoms of 
phytotoxicity, especially on triticale. 

Herbicides for 
Broadspectrum Control 

POST-EMERGENCE HERBICIDES. Four ex- 
periments were conducted with an objective 
to select the most efficient herbicides for the 
control of broadleaves and grasses in bread- 
wheat, dururn wheat, barley, and triticale. Five 
mixtures of broadleaf herbicides and grasskiller 
were used. Significant effects on yield were only 
measured in durum and barley. All herbicide 
combinations significantly reduced yields of 
dururn wheat. The best control in barley was 
from difenzoquat + bromoxynil. 

Two similar experiments on breadwheat were 
conducted under higher ra infa lkne at Himo 
research station at Kamishly. Syria and the other 
at Terbol in Lebanon. The best mixture at Himo 
was found to be diclofop-methyl + metribuzin + 
bromoxynil (1.0 + 0.15 + 0.25 kg a.i./ha) fol- 
lowed by dicofop-methyl + bromoxynil (1.0 + 
0.5 kg a.i.iha). At Terbol, the most effective 
mixture was difenzoquat + rnetribuzin + bromo- 
xynil (1.0 + 0.5 + 0.25 kg a.i.lha), followed by 
diclofop-methyl + bromofenoxium (1.0 + 1.5 kg 
a.i.iha). 

BROADSPECTRUM HERBlLlZER (HERBI- 
CIDE-FERTILIZER MIXTURE). Among seven 
herbicides applied individually and in mixtures, 
as spray and as herbilizer, the best was bromo- 
xynil + diclofop-methyl (0.5 + 1.0 kg a.i.iha) 



applied as herbilizer, followed by Brominal plus 
(1.51lha), also applied as an herbilizer. 

PRE-MIXED VERSUS FRESH-MIXED HER- 
BICIDES. The herbicide bromoxynil was mixed 
with six different herbicides to form six mixtures. 
They were prepared five months prior to spraying 
and compared with similar mixtures prepared at 
the time of spraying. Table 45 shows that a mix- 
ture with flamprop-isopropyl gave much better 
results when applied just after mixing because 
it precipitated during storage. Mixtures of bromo- 
xynil with dicamba precipitate immediately afler 
mixing, and therefore was not effective. 

Table 45. Mean wheat yields as affected by premixed and 
fresh-mixed herbicides. 

Chemical' 
bromoxynil t MCPA 
bromoxynil + picioram 
bromoxynil t dicamba 
bromoxynil t diciofop-m 
bromoxynil t difenzoqual 
bromoxyniitflampropiso 
bromoxynil t MCPA 
bromoxynilt picloram 
bromoxynii+dicamba 
bromoxynil +diciofopm 
bmmoxvnil t difenzwual 

- 
Rank - 

1 
4 
9 
14 
6 

10 
5 
3 

13 
12 
11 

- 
SS" - 

a 
bc 
cd 

e 
bc 
cd 

bc 
bc 

de 
de 
d 

bromoxynil tflampro~i?o 3520.83 ab 107.5 2 ab 
Handweeded 3302.08 bc 1W.8 7 bc 
Control (unweeded) 3276.04 c 100.0 8 c 
'Treatments 1-5 premixed; 7-12 mixed at spraying. 
PNumben followed by the same letter are not 
significantly different, p s 0.05. 

Grain Quality 
The cereal quality laboratory provides service 

facilities to cereal plant breeders for determining 
the lines andior varieties which have the best 
grain quality characteristics. 

SCREENING AND EVALUATION OF THE 
GRAIN QUALITY OF WINTER CEREALS. The 
segregating populations of the four cereal crops 
(breadwheat, durum wheat, barley and tr~tlcale) 

were subjected to quality tests. Advanced lines 
were also tested. Table 46 summarizes the num- 
bers of samples tested during the period October 
1980 to September 1981 for all cereal crops and 
all test methods. The choice of quality test de- 
pended on the generation and availability of 
seeds. Table 47 summarizes the cereal quality 
screening program at ICARDA; tests are not 
listed in order of importance. 

In addition to the routine tests, the cereal grain 
quality nursery (CQN) was started in the 19801 
81 season. The CON aims to determine stability 
of performance for grain quality characters under 
different crop growing conditions. A total of 36 
entries were planted, comprising durum wheat 
and breadwheat lines. Selection was based on 
protein content and percentage of vitreous ker- 
nels. Grain, harvested from Terbol. Kfardan, Tel 
Hadya rainied, Tel Hadya irrigated, was used in 
the CON tests. This material was tested for pro- 
tein, 1000 kernel weight, hardness (PSI), wheat 
meal fermentation time (WMFT) and, in durum 
wheat lines, vitreousness. Correlation studies 
were also made between the various character- 
istics, and population distributions were calw- 
lated. 

The significant correlations between CQN 
tests were as follows: 

Tel Hadya rainfed, durum wheat lines, 
df = 17 

r-proteinlvitreousness = 0.736 
r-proteinlPSI = -0.563 
r-PSllvitreousness = -0.737 

0 Tel Hadya rainfed, breadwheat lines, 
df = 14 

r-WMFTlPSI = -0.408 
r-WMFTIIDOO kw = 0.619 

Tei Hadya irrtgated, breadwheat lines, 
df = 14 

r-WMFTlPSI = -0.467 
r-WMFT11 OM) kw = 0.519 

a Terbol, breadwheat lines, df = 14 
r-WMFTIPSI = -0.444 
r-WMFTl1000 kw = 0.616 



Table 46. Number of cereal varieties and lines tested for various qualiative seed 
characteristics at Tel Hadya (1980l81 season). 

No. 01 entries tested 

Test Barley Breadwheat Durum Trit~cale Total 

Protein Kjeidah! 144 105 539 130 918 
Protein N.IR. 1434 1039 5392 1301 9166 
1000 kernel weight 1132 1030 2453 145 4760 
Vitreous kernei - - 2453 - 2453 
Plump kernei count 264 - - - 264 
Hardness - 112 134 202 448 
Pelshenke - 102 114 1036 1252 
Mixograph - 42 5 36 83 
Farinograph - 42 5 36 83 
Khobz baking - 25 8 2 35 

Table 47. Summary of the quality screening and evaluation tests carried out on cereal crops. 

FrFa F~Advanced and Parental 
Test Breadwheal Trilicale Durum Barley Breadwheat Tritlcale Durum Barley 

1000 kernel weight x x x x x x x x 
Appearance x x x x 
Size distribution x x 
Vitreous, % x x 
Hardness x x x x 
Protein x x x x x x x x 
Lysine x 
Wheat meal ierm. x x x x 
Miliability x x x 
Farinograph x x x 
Bake Khobz x x x 
Bake tannour' x x x 
Diastatic power x 
Make pastaz x 
'Baked from 100% whole meal in blends. 
'Spaghetti equipment to be installed May 1982. 

Kfardan, breadwheat lines, df = 14 
r-WMFTIPSI = -0.369 
r-WMFT11000 kw = 0.538 

Mutual correlations between location and 
hardness (breadwheat lines) were very high 
(r = 0.892-0.853). 
Mutual correlations between location and 
1000 kw (breadwheat lines) were also very 
good (r = 0.706-0.783). 
Mutual correlations between location and 
WMFT (breadwheat lines) were significant 
(r = 0.540-0.783). 

The increase in vitreous kernel and protein 
percentages were probably due to increased fer- 
tilizer in association with irrigation. Under rain- 
fed conditions, significant correlations between 
protein, vitreous kernel and hardness were 
observed. The varietal effect on hardness, 1000 
kw and WMFT (in breadwheat lines) appeared 
to be unaffected by environment. 

MILLING AND BAKING QUALITIES. A 
large scale survey was initiated to investigate 
the forms in which cereals are consumed in the 



ICARDA region. The main cereal foods used in 
the countries of the region include single and 
double layered flat bread, raised breads, cous- 
cous and pasta products. To date, fairly compre- 
hensive knowledge has been accumulated con- 
cerning the principal forms of breads, pastas and 
other foods consumed in Tunisia, Egypt, Jordan, 
Lebanon and Syria. Baking tests were specifically 
aimed at testing advanced germplasm for suit- 
ability as food in the ICARDA region. 

The milling and baking laboratory was de- 
signed and built at Tel Hadya. It contains a full- 
scale baking facility and a milling room. A Buhler 
experimental mill was installed, together with a 
bran finisher. A milling procedure was established 
based on the tempering and milling of 1200 g 
samples of wheat or triticale. Afurnace-type oven 
was built to provide commercial-type khobz bread 
as the final stage in the evaluation of bread- 
wheats and durum wheats. It is also possible to 
prepare baladi bread and North African ba- 
guettes in the same oven. There is also a set 
of commercial-type sheeting rolls for the prepa- 
ration of the traditional flattened dough pieces. 

A judging system was established, based on 
color, texture (internal crumb and 'bitability') and 

Bread baking studies have been carried out with ~lnall 
loca! bakeries to compare different wheat varietie, for 
consumer uses. 

odor. Baking procedure was based on com- 
mercial practice. Baking formulae and recipes 
have been collected from about 40 bakeries in 
five countries of the region. 

Flour extractions, obtained using the Buhler 
mill, range from 65 to 72% for breadwheat and 
from 50 to 71% for triticale, depending on the 
hardness. There appeared to be a strong corre- 
lation between first break flour and hardness 
(r = 0.9). This relationship is well-established 
for Buhler-milled flour. Flour ash figures ranged 
from 0.44 to 0.57% for breadwheats and from 
0.50 to 0.62% for triticales. 

Before the baking laboratory was built in 1981, 
three baking studies were carried out in collabo- 
ration with two Aleppo bakeries-one fully auto- 
mated, the other a traditional bakery. The first 
study was made to compare wheat types and the 
second to compare different wheat varieties with 
different protein contents. Both studies were 
made on fully automated baking equipment. The 
third study was conducted in a small bakery to 
compare wheat types. 

The conclusions of the baking studies were as 
follows: 

Weaker wheats make the best khobz. 
Extremes of low and high protein are not 
conducive to good khobz, and flours with 10 
to 11.5% protein appear to be the most sat- 
isfactory. 
Pure durum wheat flours are generally un- 
suitable, and need to be blended with at least 
50% of a "carrying" flour made from bread- 
wheat. 

A potential exists for making good khobz flours 
from triticales. Thirty-five lines of durum wheat, 
breadwheat and triticale were baked. S311 x 
Nortino and Mexipak made excellent khobz, and 
Panda 'R' produced very good khobz. 

Farmers' Field 
Verification Trials 

ICARDA's Cereal Improvement Program as- 
sisted the Syrian Ministry of Agriculture and 



Agrarian Reform in organizing and conducting a 
series of verification trials on farmers' fields 
throughout Syria. These trials were started in the 
1977178 season and were designed to assess 
the yielding ability, stability of performance and 
disease resistance of promising varieties of 
breadwheat, durum wheat, and barley when 
grown by farmers in relatively large plots with a 
suggested package of agronomic practices. A 
total of 29 cereal variety trials were successfully 
harvested in 1981 in Syria. In addition, 14 ex- 
periments dealing with agronomic practices were 
also harvested. The sites were chosen as repre- 
sentative of the distribution of farm size and 
climatic conditions in Syria. 

The objectives of the farmers' field verification 
trials were to: 

Test the yielding ability, disease resistance 
and adaptation of promising breadwheat, 
durum wheat and barley lines and to study 
their relative performance under farm con- 
ditions. 
Acquaint farmers with new and improved 
farming practices and cultivars, as well as 
to develop personal relationships between 
farmers, scientists, and officials of the Min- 
istry of Agriculture and Agrarian Reform. 
Assist Syria in developing and disseminat- 
ing technology for increased wheat and bar- 
ley production and to strengthen the national 
network for testing new lines and manage- 
ment practices. 
Assess whether or not new technology is 
superior to traditional methods under farm 
conditions, and, if so, to demonstrate ta 
farmers that new technology works on their 
land. 
Identify the yield limiting factors and to allow 
farmers to select their own technology. 

The trials have been conducted for four sea- 
sons on three cereal crops over three rainfall 
zones under both rainfed and irrigated condi- 
tions. The varieties used were selected for their 
superior performance in yield trials throughout 
the West Asia and North Africa region. 

Several improved commercial varieties were 
included in the trials as checks. All trials were 
planted during November and the first half of 
December by a joint team from ICARDA and the 
Ministry of Agriculture and Agrarian Reform. An 
experimental plot drill was used. The seed rate 
used was 100 kgiha for breadwheat and barley 
and 125 kgiha for durum wheat. The plot size 
was 6.5 m x 15 m (97.5m2) with two replications. 
The row spacing was 27 cm. Pre-sowing culti- 
vation and seed bed preparation was leit to the 
individual farmer and thus varied considerably 
depending on the farmer's established practice. 
Herbicides were applied when needed. Farmers 
field days were organized prior to heading. 

The trials were combine-harvested in the 
presence of ICARDA and Ministry ~ersonnei, as 
well as the farmers concerned, to allow valid 
yield comparisons. Areas of the farmer's ad- 
jacent cereal crop were also harvested at the 
same time as each trial. Table 48 lists the sites 
and the number of farmers' field verification trials 
during the 1980/81 season, and the yields re- 
corded at sites in zone C are given in Table 49. 

Tabk 48. The sites and the number of field verification trials 
carried out in the 1980181 season. 

lrrig. zone Agron. 
Locations trials A B C  + D trials 

Alep~o - 2  2  2  C 4 t A 2 t B 2  
ldleb - 2  1  1  02 t A2 
H a m  1  - irr 2  - 2  
Alghab - 3 - - - 
Horns - 1 1  - - 
Damascus 1  - - - - 
R a w  1  - - - - 
Hassakeh - 2  1  1  - 
Darra - 1 1  - - 
Tel Hadya - 1 1  1 - 
TOTAL 3 11 9 6 14 

RELEASE OF VARIETIES. A major result of 
the farmers' field verification trials has been the 
acceptance for release of six varieties: two 
breadwheat (S 31 1 x Norteno and HD 2172), two 
durum wheat (Sahl and Waha's'), and two barley 

79 



varieties (Beecher and Badia). They were chosen 
on the basis of adaptation, high yield, and dis- 
ease resistance and will be released to farmers 
if the 1981182 data confirm previous results. 

Collaborative Projects 
in the Region 

JORDAN. The third year of the mutual cereal 
project (1980181 season) was average in terms 
of rainfall and its distribution. Twenty variety and 
agronomic trials and seven "traditional" vs. "im- 
proved" farming practice trials were planted in 
Jordan during the season. (In zone A nine sites 
were established, in zone B eight, and in zone 
C three.) Plot size, layout, and general treat- 
ments were the same as in previous years. The 
trials included the following: 

b Variety verification trials (durum wheat, bar- 
ley and triticaie). 
Seeding rate trials. 

b Rates of nitrogen trials. 
b Rates of seeding trials. 

"Traditional" vs. "improved" farming practice 
trials. 

These trials and demonstrations were carried 
out jointly by research workers of the Ministry 
of Agriculture and the Faculty of Agriculture at 
the University of Jordan with the assistance of 
an ICARDA project specialist. Results indicate 
that durum wheat and barley varieties with im- 
proved yields and stability of performance have 
now been identified and can be made available 
to farmers. The effects of seed rate, date of 
planting, fertilizer application, and the effects 
of some local farming practices have become 
better understood. 

TUNISIA. The cereal project with Tunisia 
started in 1980 with the objective of strengthen- 
ing the overall cereal improvement effort in that 
country, particularly in the improvement of barley 
and cereal disease resistance. The work has 
been carried out in close collaboration with 



INRAT. INAT, and scientists of the Office des 
Cereals. From this base in Tunisia, it is also 
planned to serve Morocco and Algeria by focus- 
ing on problems common to the Maghreb coun- 
tries of North Africa. 

Through the next five year plan, Tunisia in- 
tends to increase cereal production. The govern- 
ment is encouraging the expansion of barley into 
the central and southern regions of the country. 
Emphasis is being placed on developing durum 
wheat and breadwheat varieties and production 
technologies for northern Tunisia and on the 
development of barley suited to the lower rain- 
fall zones of central and southern Tunisia. 

ICARDA scientists are assisting the Tunisian 
cereal program in establishing a sound barley 
project aimed at the improvement of the fol- 
lowing: adaptability to moisture and heat stress, 
stability of grain and straw production, and dis- 

ease resistance. A limited number of crosses 
were made, and ICARDA has sent special germ- 
plasm for screening on request. Nurseries were 
planted at the following locations representing 
the different agro-climatic areas of the country: 
Le Kef, Hendi Zitoun, Beja, Mateur, Bou Salem, 
Sidi Bouzied, and Kasserine. Results to date 
show that some of the barley lines tested per- 
formed well in central and southern locations. 

CYPRUS. A number of barley, durum wheat, 
breadwheat and tflticale lines were screened 
under Cyprus conditions which require earlier 
heading and maturity because of the milder win- 
ters compared to ICARDA's stations in Syria and 
Lebanon. Crosses made in Cyprus and subse- 
quent selections were tested at Tel Hadya to 
identify varieties suited to countries with shorter 
crop duration requirements. 
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FOOD LEGUME CROPS IMPROVEMENT 

Introduction 

T he general aim of the Food Legume Improvement Program at ICARDA is to improve the 
productivity of faba beans, lentils, and kabuli type chickpeas within and outside the ICARDA 

region and thereby contribute to: 
Increasing the total food production and improving the availability of better quality protein 
in  the diet of populations that largely depend on these crops. 
Increasing rural income. 
Improving soil fertility, thereby decreasing the dependence on fertilizer nitrogen In the 
cropping system. 

More specifically, the program seeks to en- Acceptable and improved seed quality in 
courage and support national research efforts terms of nutritive value, cooking properties, 
through: and other physical traits for which there is 

consumer preference. 
(1) Collection, maintenance, evaluation, and Resistance to lodging, pre-harvest pod 

distribution of germplasm. shedding, and grain shattering. 

(2) Development and distribution of ad- (3) Development of appropriate cultural 
vanced lines, segregating populations and practices for different genotypes and agro- 
other genetic material for the development of ecolooical conditions. - 
cultivars having: (4) Conducting of relevant research in path- 

ology, entomology, microbiology, weed rnan- 
Increased seed as well as total biological agement, crop physiology, genetics, seed 
yield potential and yield stability. quality, economics, and mechanization in sup- 
Appropriate phenology to make the best port dr the work on the development of cultivars 
use of the growing period in different parts and agronomic practices. 
of the region. (5) Training of scientists from national pro- 
Resistance to common diseases, pests, grams in food legume improvement and the 
Orobanche, and the common environ- development of an international network of 
mental stresses. food legume scientists. 



Table 1. Summary of h e  results of the irrigated faba bean yield trials at Tel Hadya ITH) 
and Terbol (T) in the 1980181 season. 

Trial 
location 

PYT-large seed (T.H.) 
PYT-large seed (T) 
PM-small seed (T.H.) 
PYT-small seed (T) 
BIM-large seed (T.H.) 
6IM.large seed (T) 
BIYT.smali seed (T.H.) 
BIYT.small seed (T) 
BISN-YT-large (T.H.) 
BISN-YT.small (T.H.) 
AM-large (T.H.) 
An-large [T) 
AM-small (T.H.) 
AM-small (Ti 

No. of 
test 

ennies 
40 
40 

264 

No. ol entries 
Heaviest No. ol entries significantly 

yield exceeding exceeding CV 
(kg:ha) check yield check yield' (%) 

3899 4 0 11 .>26.7 
4679 16 0 10.4-19.8 
4421 254 169 9.4-1 8.5 

' P  G 0.05 on LSD tesf. 

Faba Bean Improvement 
Cultivars and Production 
Technology for Dry Seed Use 

One of the principal objectives of this project 
is to develop cultivars and other genetic stocks 
for the production of faba beans under high rain- 
fall and irrigated conditions with a range of ma- 
turity periods to fit different agro-ecological 
zones and seed characteristics preferred by con- 
sumers. Researchers also seek the following 
attributes: 

High and stable dry seed yield. 
Resistance to Asochyta blight, chocolate 
spot, Orobanche, aphids, lodging, and pod 
shattering. 
More efficient growth habit. 
Autofertility. 
Maintained and/or improved nutritional and 
cooking quality. 

Another objective is to develop appropriate 
agronomic practices for existing and improved 
cultivars. 

Development of Cultivars 
and Genetic Stocks 

BREEDING FOR YIELD. During the 1980181 
season. 520 entries were evaluated in replicated 
yield trials under irrigated conditions at Tel Had- 
ya, and 320 entries were evaluated at Terbol 
(Table 1). Yields at Tel Hadya exceeded 6 tlha 
in a replicated large seeded yield trial (BISN- 
YF-L) which comprised entries sent to co-opera- 
tors in the international screening nursery. In the 
international large seeded yield trial (BM-L), 11 
of the 15 entries outyielded the local check (ILB 
1814) which gave 4,565 kglha. 

The performance of some of the best entries 
from the BIYT-L at other locations and in the 
previous year is shown in Table 2. In general, 
yields at Terbol were slightly lower than at Tel 
Hadya, largely as a result of a severe infestation 
by stem borers (Lixus spp.). 

During the season, a total of 232 crosses were 
made in the screen houses at Tel Hadya and 
46 crosses at Terbol. Also, 223 F, populations 
were grown under irrigation at Tel Hadya and 
247 at Terbol. A total of 173 and 62 F3 popula- 



Table 2. The reed yield of some faba bean genotypes las percentage of check yield) in Syria 
(Tel Hadyal and Lebanon IAUB and Terbol) in the 1979180 and 1980181 seasons. 

1979180 1980:81 

Tel Hadya Tel Hadya Tel Hadya Tel Hadya 
Entry (irrig.) (rainfed) Terbol (inig.) (rainfed) Te&ol AUB 

74TA 59 107 86 108 114 100 96 106 
74TA 63 105 91 93 118 109 106 107 
Aquadulce 106 98 76 108 

- 108 - 94 - 98 
Reina Blanca 115 109 89 121 
39 MB 113 101 105 111 103 87 80 
Elegant 5 MCI 112 101 113 130 102 102 100 

tions were grown at Tel Hadya and Terbol, 
respectively. 

RESISTANCE TO ASCOCHYTA BLIGHT. 
The major disease work on Ascochyta blight 
and chocolate spot was conducted at Lattakia. 
Of 49 promising lines evaluated, eight were rated 
as resistant or highly resistant. Eleven selfed 
plants and 28 open-pollinated plants were se- 
lected for further evaluation. Forty-nine F, pop- 
ulations were grown at Lattakia. Nine populations 
produced a high proportion of promising segre- 
gants for resistance. The progenies of four single 
plants selected from 80SL 15563 were rated as 
resistant to both Ascochyta blight and rust. Thirty- 
four crosses were made at Tel Hadya involving 
12 promising sources of resistance to Ascochyta 
blight. 

RESISTANCE TO CHOCOLATE SPOT. A 
total of 526 BPL accessions were evaluated for 
resistance to chocolate spot. Fourteen were 
rated 1 and 148 rated 3 on a 1 to 9 scale, where 
1 = highly resistant and 9 = highly susceptible. 
A total of 332 single plant selections were made 
for further evaluation. In a replicated trial, the 
entries BPL 112, ILB 938 and ILB 438 were very 
promising. Ten single plant selections were 
made. The line ILB 938, originally identified as 
resistant by the Egyptian national program, has 
also shown a good level of resistance in the UK. 
There are also reports from both Egypt and 
Canada that this accession may possess addi- 
tional genes conferring resistance to rust. 

RESISTANCE TO OROBANCHE. Screen- 
ing for resistance to Orobanche crenata was 
carried out at Kafr Antoon. Of 420 BPL acces- 
sions evaluated in four replications, 43 had lower 
infestation than the most resistant check cultivar, 
Family 402. In a re-evaluation of the 28 most 
promising lines identified in previous seasons. 
all were found to be significantly better than the 
local susceptible check cultivars and six had 
lower mean infestation than Family 402. Many 
entries appear to be highly promising, especially 
BPL 561, BPL 587, BPL 81 1, and Family 402. 
A total of 2,800 single plants were selected in 
F2 populations grown at Kafr Antoon, and 31 of 
the 96 F, progenies grown were also selected. 
A total of ten crosses were made at Tel Hadya, 
involving six Orobanche resistance sources, 
with the aim of improving the sources and incor- 
porating resistance into adapted genetic back- 
grounds. 

RESISTANCE TO APHIDS. The accessions 
BPL 213 and BPL 222 again showed significantly 
less infestation by aphids than the check. Other 
promising sources of resistance to aphids include 
cvs Rstatt, 81s 1183, 81s 1232, BPL 642, 
BPL 687, and BPL 1085. 

DETERMINATE GROWTH HABtT. Work 
continued in 1981 on the development of lines 
having determinate growth. This characteristic is 
considered to be potentially important especially 
in high rainfall and irrigated regions of high 
fertility where excessive vegetative growth may 



Determinate plant type in faba beans has promise for 
conditions of assured moisture supply. 

occur. Twenty crosses were made at Tel Hadya, 
and selection was carried out within andior 
among 79 F, populations, 819 F4 progenies, and 
334 F4 bulks. 

Production Physiology 
and Agronomy 

POPULATION RESPONSE OF PLANT 
MODELS. Studies on identifying an appropri- 
ate plant ideotype for the growing conditions at 
Tel Hadya were continued during the 1980-81 
season. Monostalked (T,), triplestalked (T3), and 
multiple-stalked (T,) plants models with indeter- 
minate growth habit and a multiple-stalked deter- 
minate plant model (T,) were evaluated for their 
yield performance at increasing plant population 
levels from 8 to 48 plantsim2. Results (Fig. 1) 
showed that all population levels models T, and 
T3 were superior to T2 and T4. The mono-stalked 
indeterminate model (T2) responded positively 
to increased plant density up to 48 plants!m2 
although the increase in yield with rise in popu- 
lation from 40 to 48 plants/m2 was small. 

SOURCE-SINK RELATIONSHIP. In an- 
other study aimed at providing information on 
plant ideotypes, sink size was varied by either 
detopping or removing the flower buds at vari- 

Fig. 1. Eflect of plant population on grain yield in four 
artificially created plant types. 

ous nodes with a view to studying the effect on 
pod retention and yield. Detopping above the 16th 
flowering node as soon as anthesis occurred on 
the 10th flowering node, removing flowers above 
the 16th flowering node as soon as anthesis 
occurred on the first 10 flowering nodes, or 
retaining only 16 flowers on 16 flowering nodes 
resulted in heavier yields than those obtained 
when sink size was not altered. 

DATE OF PLANTING AND PLANT POP- 
ULATION. Studies on the response of 12 
promising genotypes to dates of planting in the 
1980181 season at Tel Hadya confirmed the 
results of the 1979!80 season. In spite of late 
frost in early April, the earliest dates of planting 
in October and early November gave the heav- 
iest yields. A local large seeded land race (ILB 
1814) gave the most stable performance by 
showing the lowest reduction in yield with delay 
in planting. Studies at Terbol also showed the 
advantage of an early date of planting, the yield 
levels being 2795, 2787, 1878 and 1635 kgiha 
for October, November. December, and January 
piantings respectively. 

Populations of 25 to 33.3 plants!m2 resulted in 
the highest yields both at Tel Hadya and Terbol. 



The response of eight promising genotypes of 
different plant types, including a determinate 
bulk, to increasing plant populations up to 50 
plantsim2 was studied at Tel Hadya. The in- 
crease in yield with increase in plant population 
was of a much higher order in 1981 than in 1980, 
the mean yields being 1778, 1508, 1068, and 
738 kg/ha at 50, 33.3, 22.2, and 13.3 plants/mz 
respectively. Sevilie Giant, New Mammoth, ILB- 
1814, and the determinate bulk showed an al- 
most linear increase in yield with increase in 
plant population. 

INOCULATION WITH RHIZORIA. Evaluation 
of faba bean Rhizobium strains at Tel Hadya 
indicated that an increase of 24.6% in yield could 
be obtained with one of the strains included in 
multi-locational testing. The improved efficiency 
of the introduced strains in dinitrogen fixation, 
using the acetylene reduction technique, was 
confirmed with Green Windsor cultivar. Addition 
of nitrogen fertilizer reduced the nitrogenase ac- 
tivity of the nodules. Faba bean Rhizobium strain 
BB 48a was again found to be tolerant to the 
herbicide Tribunil. 

RESPONSE TO FERTILIZER APPLICATION. 
The application of phosphorus up to 50 kg P205 
per ha increased both noduiation and yield in a 
soil containing 3.5 ppm available P. Application 
of 20 kg Nlha had little influence on nodulation, 
but higher rates showed a conspicuous reduc- 
tion. 

Faba Beans for Green Vegetable Use 

The objectives of this project include the de- 
velopment of appropriate agronomic practices for 
local and improved cultivars, plus the develop- 
ment of cultivars and other genetic stocks of faba 
beans for green or dual purpose greenidry use 
with the following characteristics: 

High and stable yield. 
Disease, insect and Orobanche resistance 
to ensure both high and stable yields and 
good quality. 

Pod development starting early but spread 
over a long period of time. 
Long pods with high number of seedslpod 
and large seeds. 
Ability to yield well at low populations to en- 
sure easy access for picking. 

DEVELOPMENT OF CULTIVARS AND GE- 
NETIC STOCKS. In the 1980181 season, 91 
entries were evaluated for green pod production 
including 10 entries from the international large 
seeded yield trials (BIYT-81). The yield of the 
best entries exceeded 8 tonsiha of green beans. 
A total of 16 crosses were made among parents 
selected for high numbers of seeds per pod and 
long pods. 

In the process of breeding cultivars for vege- 
table use, green pods are picked and weigherC 
a time-consuming and destructive process. 
Assessment is also made more difficult because 
the stage at which a given plot is harvested green 
has to be decided on a somewhat arbitrary basis. 
Farmers may pick pods while they are still small 
for consumption as a whole pod, or may delay 
picking until the pods are larger, when only the 
green seed is consumed after shelling. Because 
of the difficulties inherent in estimating green 
bean yields, it was decided to investigate whether 
or not there is a relationship between green bean 
and dry seed yields. Significant correlations were 
found between the two traits in 1980 and in two 
of the three trials conducted in 1981 (Table 3). 

Table 3. Correlations between dry seed yield and grwn 
bean yields of faba beans in the 1980181 season at Tel 
~adya:  

Correlation coeflicients 
between dly seed yield and 

green pod yield with: 

No, of One Two Three 
Trial entries picking p~ckings pickings 

BIM-L-81 10 0.41 0.72' 0.88" 
BPL-mlleclion 56 0.42" 0.43" 0.48" 
ILBmllect~on 25 0.01 - -0.9 

'Correlation significant P 0.05. 
"Correlation significant P S 0.01. 



Table 4. Summary of the rainfed faba bean yield trials at Tel Hadya (TH) and Terbol 
(T) in the 1980181 season. 

No, of No. of entries 
No. 01 Heaviest entries signilicantly 
test yleld exceeding exceeding CV 

Trial (location) entries (kgiha) check yield check yield' r"~) 
PYT-small seed (TH) 110 3485 103 51 14.4-24.5 
PYT-small seed (T) 66 4173 44 4 15417.4 
BiYT-large seed (TH) 15 4907 8 0 n.1 
BIYT-small seed (T) 23 3882 19 5 14.8 
AM-large seed (TH) 19 3562 0 0 14.9 
AYT-larae seed IT1 19 3327 13 0 10.5 
AYT-skli seed ( T H ~  15 3101 9 6 18.6 
AYT-small seed (T) I 5  3426 1 1  3 22.7 

' P  6 0.05 on LSD test. 

CROP MANAGEMENT STUDIES. The study 
on the effect of frequency of picking and plant 
population level as varied by intra-row plant 
distance in rows spaced 50cm apart with the 
local large (ILB 1814) and local medium long 
pod (ILB 1813) land races confirmed the results 
of 1980. The green bean yield increased with 
increasing frequency of picking and with increase 
in plant population. The total oven dry weight 
of the seed harvested as green pods and resid- 
ual dry beans under different treatments, how- 
ever, showed a reduction with increasing fre- 
quency of picking indicating that the plants could 
not compensate for the loss of green pods by 
producing additional pods. 

Drought Tolerance and Production 
Technology for Rainfed Faba Beans 

Objectives of this project are to: 

(1) Develop high yielding and stable faba 
bean cultivars capable of producing an eco- 
nomic dry-seed yield under conditions of 300- 
400 mm rainfall. In addition, the cultivar de- 
veloped should have resistance to major 
pests, diseases, and Orobanche, and re- 
sistance to pod shattering and adequate nutri- 
tional value. 

(2) Develop appropriate agronomic practices 
for producing faba beans under l3v rainfall 
conditions. 

In the 1980181 season, 10 lines which had 
shown a good yield potential under rainfed con- 
ditions at Tel Hadya in previous seasons were 
used as parents in 22 crosses. Ten F, popula- 
tions from the 198D crossing block were grown 
under rainfed conditions at Tel Hadya; 167 single 
plants were selected. A total of 282 entries were 
grown in replicated rainfed yield trials at Tel 
Hadya, of which 100 entries were also tested at 
Terbol. The results of the yield trials are sum- 
marized in Table 4. The highest yields recorded 
at Tel Hadva were about 1.4 tonslha less than 
the best eniries in the irrigated trials. 

Production Physiology 
and Agronomy 

SCREENING FOR DROUGHT TOLERANCE. 
The performance of 12 genotypes, including 
those which performed well under rainfed con- 
ditions at Tel Hadya during previous seasons, 
were evaluated at three different rainfed sites 
(Brida, Tel Hadya, and Jindiress) and also with 
supplemental irrigation at Tel Hadya. Detailed 
soil moisture extraction studies were carried out 



Table 5. Performance of some selected faba bean genotypes grown at different locations in northern 
Syria during the 1980181 season. 

Brida Tel Hadya Jindlress 
Rainfed (310mm)' Rainfed (345mm)' Irrig. (395mn1)~ Ralnled (443mm)' 
Yield Yield Yield Yield 

Genotype ILB (kglha) Rank (kg:ha) Rank (kglha) Rank (kgiha) Rank 

785 49907 10 344 5 1513 3 1575 7 2152 2 
785 48821 269 316 10 1208 11 1575 7 1800 8 
785 49395 407 327 8 1266 9 1397 11 2029 3 
785 49694 605 316 10 1875 2 1819 3 1947 5 
Seville Giant 381 4 1114 12 1141 12 1594 12 
5yr.Loc.L. 1814 580 1 2266 1 2621 1 2215 1 
Leb.Loc.5. 1816 323 9 1229 10 1403 10 1735 9 
785 49892 1817 316 10 1300 7 1486 9 1669 10 
785 49896 1817 342 6 132l 6 1697 4 1881 7 
Giza 3 1819 342 6 1368 5 1681 5 1915 6 
Aquadulce 392 3 1284 8 1647 6 1638 11 

277 463 2 1513 3 1878 2 1965 4 
Mean 
LSD 0.05 
C.V. (%) 18.9 21.6 14.8 

'Seasonal rainfall. 
'Seasonal rainfall + Irrigation. 

under rainfed conditions at Tel Hadya using the The local improved land race (ILB-1814) was 
neutron scattering technique. Overall productiv- the genotype which consistently performed the 
ity of the crop improved as the moisture supply best at all sites. ILB-277 also showed a good 
was raised through rain and/or through supple- performance whereas ILB-1816 and Seville 
mental irrigation (Table 5). Giant gave poor yields. The moisture status at 

the highest moisture recharge stage and at the 

Screening faba bean genotypes for low rainlall conditions. 

time of physiological maturity of some of the 
selected genotypes is shown in Figure 2. It is 
evident that ILB-1814 could extract moisture 
deeper than other genotypes. 

RESPONSE TO FERTILIZER APPLICATION. 
Rainfed faba beans responded very well to 
inoculation with faba bean Rhizobium in the 
multilocation strain screening studies. Mineral 
nutrition, particularly the supply of adequate 
levels of available phosphorus, was a major 
limiting factor at the driest site (Brida) of the 
faba bean test and also at Tel Hadya. The avail- 
able phosphorus in the top 15 cm soil was 2.0 
and 1.5 ppm at these two sites respectively, 
whereas the available potassium was adequate. 
Application of 50 kg P,Osiha either alone or in 
combination with Rhizobium inoculation resulted 



in significant yield increases at both locations 
(Table 6). 

NITROGEN FIXATION. Symbiotic N,-fixation 
of rainfed faba beans was studied using ''N 
labelled fertilizer nitrogen with wheat as non- 
nodulating crop. Shoots of ILB-1814 (local, large 
seeded, improved faba bean land race from 
Syria) yielded 90 kg of symbiotically fixed nitro- 
gen per hectare. This amounted to about 90% 
of the total shoot nitrogen. 

Table 6. Effect of fertilizer applica- 
tion and Rhimbiurn inoculation on 
the grain yield of rainfed faba beans 
(ILB-1814) at Brida and Tel Hadya 
(1980/81 season). 

Grain~Yield 
(kglha) 

Tel 
Treatment Brida 

Control 476 
50 kg P20r ' ha 684 
60 kg K20 ha 566 
lnoculat~on 438 
Inoc, t P 715 
Inoc, t K 431 
Inoc. t P - K 747 
loo kg N t P t K 847 
LSD (0.05) 196.8 
CV ("10) 21.7 

em waterldepth interval 
1 2 3 1 5 6 2 4 5 6 2 3  4 5 6 2 3 4  5 6  

O ' ,  

Fig. 2. Soil moisture content i n  different soil layers (cm water115 cm soil layer) at the stage of maximum recharge (solid 
line) and at physiological maturity (broken-line) of four faba bean genotypes gmwn at Tel Hadya 11980-87 season). 



Crossing lentils in h e  field. 

Lentil Improvement 
Improved Lentil Cultivars 
and Technology for Different 
Agro-ecological Situations 

The objectives of this project are to: 

(1) Develop cultivars or genetic stocks with 
appropriate phenoiogy and high and stable 
yields for each of the three major agro-eco- 
logical regions of lentil production with main- 
tained improved cooking and nutritional quality 
and nitrogen fixing ability. The additional spe- 

cific traits required for the different regions are 
as follows: 

High altitude region: Cold tolerance for 
winter planting and attributes to facilitate 
hawesting (tall, erect, non-lodging growth 
habit and both good pod retention and in- 
dehiscence). 
Middle to low elevation areas in the Med- 
iterranean region: high biological yield, 
tolerance to broomrape (Orobanche sp.) 
and Sitona weevil, resistance to root rot/ 
wilt complex, and attributes to facilitate 
hawesting. 



Region of more southern latitudes (includ- 
ing Egypt, Sudan, Ethiopia, India. Pakis- 
tan): Earliness through insensitivityire- 
duced sensitivity to photo-period and 
temperature, resistance to root rovwilt 
complex and rust. 

(2) Develop appropriate agronomic practices 
for existing and improved cultivars. 

Development of Cultivars 
and Genetic Stocks 

BREEDING FOR YIELD. Results obtained 
to-date from the international yield trials con- 
ducted since 1979 in different countries reveal 

that consistent increases in yield over the best 
local check cultivar are being made in Egypt, 
Jordan, Lebanon, Syria and Turkey through 
some of the entries developed in the project 
(Table 7) .  In Lebanon, ILL 4400 and ILL I880 
have consistently given heavier yields. Geno- 
types 76TA 66026 and 76TA 66088 have proved 
promising in Jordan. 

A total of 440 selections, most of which came 
from populations developed following hybrid- 
ization, were tested in local yield trials at Ter- 
bol and Kfardan sites in Lebanon and at Tel 
Hadya in Syria. Results (Table 8)  show that a 
number of selections exceeded the best check. 
Selection ILL 346 from Mexico gave 11% and 
24% heavier yields than the best check at, Tel 

Table 7, Seed yield of same promising lentil entries grown in international yield trials (1979/81) exprersed as a percentage 
of the best local check. 

Seed yield as percentage ol best local check 
Large seeds Small seeds 

74TA 19 Syr.L.L. 78s 26002 76TA 66026 W.R.51 76TA 660E8 76TA 66054 
ILL 28 ILL MOO IL8 ILL 29 ILL 1880 ILL 223 ILL 99 -- -~ 

Country Location and year Syria Syria Jordan Syria Ju&ey Iran Morocco 

Algeria Sidi-Eel-Abbes-79 71 75 - - 74 - - 
Sidi.Bel-Abbes80 103 94 - - - - - 

Egypt Sids-79 64 51 - - - - 16 
Mallawi-80 - - 61 44 96 121' - 
Mallawi-81 - - 103 57 160 - 119 - 

Jordan Jubeiha-79 44 66 - - 59 - 
Jubelha-80 - - - - - 95 
Jubeiha-81 90 81 99 1 3  104 - - 
Marrow.81 51 67 79 2 6  76 l_w 96 
Hisban-81 - 82 - - 119 111 65 

Lebanon TerbolJ9 328 347 - - 2x2 - 
Terbol-80 137 - 108 - 113 134 108 70 
Terbol-81 172 1x2 137 137 1L8 69 89 

Klardan-81 89 12s 99 139 !@ 150 112 
Syria Tel-Hadya79 103 100 - - - - 

Tel-Hadya-80 111 60 3 0  85 - 112 106 
Tel-Hadya-81 87 83 3 3  86 lor 104 91 

Turkey Oiyarbakir.79 pi 143 - - 100 - - 
Diyarbakir80 @ 66 - - 1W - - 
Diyarbaklr-81 154 79 151 - - - - 

'-indicates absence of entry in trials. 
'Figwe underlined indicates that an entry has consislently outyielded the best local check. 



Table 8. Summary of local lentil yield trials grown in 
Syria and Lebanon (1980. 

Trials 

LM-small seeded 
Tel Hadya (15 trials) 
LM-large seeded 
Tel Hadya (5 trials) 
LM-small seeded 
Tetbol (5 trials) 
LM-large seeded 
Tetbol (4 trials) 
LM-small seeded 
Klardan 16 trials) 

No of Heaviest No ol entries 
test yleld exceed~ng CV 

enttles (kg,ha) besl check (%) 

330 2163 34 18 4 

110 2320 11 184 

88 1592 3 23 2 

88 1592 3 26 6 

176 1071 15 198  

Hadya and Terbol respectively, with yield levels 
of 2061 kglha and 1972 kglha. 

DEVELOPMENT OF TALL CULTIVARS. 
Tall, erect genotypes have been identified, but 
because most of them are both late and low 
yielding they are being used in hybridization 
with adapted, elite material. A total of 67 crosses 
with tall, erect parents were made in 1981. The 
average plant height of bulk segregating popula- 
tions in the F, generation from crosses made in 
the previous years and grown at Tel Hadya in 
1981 was 352 0.7cm with a mean of 118+ 1.7 
days to flowering as against a height of 31cm for 
ILL 4400 (Syrian Locar Large) which took 116 
days to flower. Considerable progress has al- 
ready been made in selecting tall, erect, and 
high yielding material which can be harvested 
mechanically. One selection-78s 26002 (ILL 8) 
from Jordan-yielded 20% and 23% more than 
the best check at Tel Hadya in 1980 and 1981, 
respectively. 

RESISTANCE TO OROBANCHE. Progress 
has been made on the identification of lentil 
genotypes showing markedly less infection by 
Orobanche crenata in heavily infested soil. 
Genotypes ILL 3047 and 31 12, both of which 
originated in India, had 1.8 and 2.2 Orobanche 
haustoriaim2, respectively, compared to 19.8 and 
16.8 haustoria/m2 in the check genotypes ILL 
4400 and 4401. 

TOLERANCE TO COLD. For the high alti- 
tude areas, 25 crosses were made with cold- 
tolerant parents. 

CULTIVARS AND GENETIC STOCKS FOR 
SOUTH ASIA. A total of 91 biparental crosses 
were made between genotypes adapted to South 
Asia. A significant advance has also been made 
in identifying a Macrosperma type for low lati- 
tude countries of South Asia where most of the 
large seeded types from West Asia cannot be 
grown because they take too long to flower. A 
new germplasm accession-ILL 4605 (Precoz) 
from Argentina with large seeds (5.2 g/lOO 
seeds)-flowered in 60 days in New Delhi and 
yielded 79% more than the local check on a 
single row basis. This appears to be the first 
Macrosperma genotype identified with a phe- 
nology suited to conditions in South Asia. 

Production Physiology 
and Agronomy 

PLANTING DATE AND PLANT POPULA- 
TION RESPONSE. Studies with local land 
races in Syria (Tel Hadya), Lebanon (Kfardan 
and Terbol), and Jordan (Jubeiha) revealed that 
delaying the planting beyond the end of Decem- 
ber caused a conspicuous reduction in yield. 
Advancing the date ahead of December had little 
effect, unlike previous years when significant 
increases were obtained with advancing the 
planting date to November. Perhaps the late 
frost in the beginning of April was responsible 
for this. The highest population level of 333.3 
plantslm2 resulted in the heaviest yield at Tel 
Hadya and Jubeiha. But at Kfardan and Terbol 
about 200 plants/m2 proved optimum. Seeds from 
an early spring-planted crop took less time to 
cook than those from winter planting. 

RESPONSE TO FERTILIZER APPLICATION 
AND INOCULATION. A positive response to 
phosphorus application was obtained at Tel 
Hadya where the available phosphorus content 



Table 9. Effect of different production practices on lentil (ILL 4401) yields 
at Tel Hadya 119811. 

Yield (Vha) Nodules:20 plants 

Treatment grain straw healthy damaged 

Norma) date of planting (ND) 0.87 1.65 150 210 
+ farmer's method 01 planting (FMP) 
Eariy date ol plantlng (ED) t FMP 0.80 1.68 286 228 
ED t FMP t Cartofuran 1.41 2.50 512 228 
(a 1 .5 kg a.i.!ha (C) 
ED t drill plantlng (D) 1.58 2.40 484 8 
ED t C t D t 50 kg P,Odha as TSP 2.13 3.39 575 13 
LSD (0.05) 0.41 0.58 157 160 
CV ("10) 16.1 13.4 21 9 

Table 10. The mean eIfect of different production practices on lentil yields and nodule production in the on-fan-trials 
grown at 13 locations in northern Syria (1980/81 season). 

Nodule:20 plants 

Total Straw Seed :6 healthy damaged 

Treatment yield yield yieM % range' no. no. % 

Normal dale ol planting (ND) 
t farme<s method ol planting(FMP) 3.95 2.95 0.99 100 
Early date of planhng(ED) t (FMP) 4.32 3.16 115 116 
ED t FMP t Carbaluran (C)Q 1.5kg a.i.:ha 4.78 3.61 1.17 118 
ED t C + drill planting (D) 4.90 3.62 1.28 129 
ED C t D t 50kg:ha P205 as T S P  4.75 3.46 1.29 130 

'Range = range of lightest and heaviest seed yields across the 13 locations. 

of the top 1 to 15 cm layer was only 1.5 ppm. 
No such response was obtained at any of the 
locations in Jordan or at Kfardan in Lebanon 
where available phosphorus was high. Avail- 
able potassium status was high at all these lo- 
cations and therefore no yield differences were 
evident from the application of potassium. Inocu- 
lation with Rhizobium improved the performance 
of lentil at Ramtha and Hisban in Jordan by a 
small margin. 

Under low phosphorus status, application of 
phosphorus improved the frost tolerance of lentils 
as judged by visual observations and as reflected 
in yield data in a fertility/inoculation trial and a 
practice trial (Table 9 )  at Tel Hadya. 

ON-FARM TRIALS OF PRODUCTION PRAC- 
TICES. The evaluation of such lentil practices 
as shown in Table 10 on farmers' fields at 13 

locations in Aleppo province revealed that ad- 
vancing the date of planting from the farmers' 
conventional planting date resulted in a 16% 
mean increase in seed yield. The application of 
Carbofuran to control Sitona weevil damage to 
nodules along with early planting resulted in a 
22% mean increase in straw yield, but only an 
18% mean increase in seed yield. The latter 
increase could be expected to be larger in the 
absence of a late frost which severely affected 
some trials. In spite of the relatively small mean 
increases from these treatments, the range of 
response given for seed yield across the 13 lo- 
cations (Table 10) indicates that the response 
to individual treatments varied considerably be- 
tween locations. Although total nodule production 
was similar for all five practices, there was a 
marked increase in the number of healthy nod- 
ules in the practices that included Carbofuran. 



Simple mechanical harvesting system for lentils using blades. 

NITROGEN FIXATION. The contribution of 
symbiotic nitrogen fixation to total nitrogen yield 
through shoots of lentils was evaluated using 
15N-labelled fertilizer nitrogen and wheat as a 
standard non-nodulated crop. Results showed 
that more than 86% of total shoot nitrogen in the 
case of lentils grown for dry seed, and 92% in 
the case of lentils harvested for hay at the ad- 
vanced podding stage, came from symbiosis. 
When a seed crop of lentils was grown with appli- 
cation of 1.5 kg Carbofuran per ha to control 
Sitona larvae, the contribution of symbiotic N, 
to total shoot nitrogen yield was 90%. The abso- 
lute amount of shoot nitrogen derived from sym- 
biosis was 84, 83, and 107 kglha in the three 
treatments, respectively. 

HARVEST MECHANIZATION IN LENTILS. 
Lentils are harvested by hand in the Middle East, 
where the high cost of harvest labor is dis- 
couraging some farmers from growing the crop. 
In North America, however, the crop is either 
directly harvested by combine or swathed in 
windrows and then picked up by a harvester. In 
view of the value attached to lentil straw as a 
livestock feed in West Asia, economic methods 
of harvesting both grain and straw must be 
found. Rocky and uneven soil surfaces planted 
with short, lodging cultivars are additional fac- 
tors mitigating against the direct transfer of har- 
vest technology from America to the region. 

During the 1981 harvest, six different methods 
of harvesting were tested on contrasting culti- 



Table 11. A summaly of the results of the lentil adaptation trial from selected locations. 
CounlIy and localion 

Egypt Ethiopia Pakistan Syr'la 

Mallawi Debre Zeit Faisalabad Islamabad Tel Hadya 
Lamde ('N) 30 9 31 33 37 
Photoper~od (h)' 10.4 12.2 10.9 10.9 12.2 
Mean temp. ("C)Z 

Max. - 24 - 19 16 
Min. - 13 - 6 6 

Mean Y~eld (kg:ha) 
Test entries 1594 480 627 145 782 
Local checks 2354 824 2854 78 792 

Mean time to flower(days) 
Test entries 92 69 - 
Local ch&s 76 56 - 121 98 

'Photoperiod was measured one week before the first flower, and included the twilight 
period. 
2Temperatures are averages taken over the month prior to flowering. 

vars and different management practices at Tel 
Hadya. The methods were hand harvesting, use 
of scythe, tractor-mounted side mower, bean 
blades, and both forage and combine harvesters. 
The bean blade was the most promising method 
and gave a high yield of both straw and grain. 
The cutter-bar methods were most effective on 
unlodged tall cultivars grown on rolled land. 

Development of Wide 
Adaptation in Lentils 

Objectives of this project are to: 

between growing environments in different coun- 
tries. Phenological data from these trials are 
useful in defining different regions of adaptation 
in lentils. 

There is a discontinuity in the adaptation of 
lentils in the northern hemisphere of the Old 
World. Genotypes originating from West Asia 
and South Europe are very late in flowering when 
grown in South Asia at photoperiods of less than 
11 hours; so much so that they produce few or 
no pods because of the onset of adverse en- 
vironmental conditions during their period of 
reproductive growth (Table 11). The results from 
the LAT further suggest that high temperatures 
during the vegetative period can partly offset 

Develop separate high yielding and the effect of short photoperiods in these latitudes. 
stable genetic stocks with wide adaptability Studies on the interaction between the photo- 
for each of the following lentil growing regions: period and ambient temperature and their effects 
high altitude region, middle to low elevation on the phenology of nine diverse genotypes of 
Mediterranean region, and southern latitude lentil were carried out in the plastic house in 
region (AfricaiAsia). 1980181 using the same procedure as in 19791 
(2) Study the physiological basis for wide 80, Planting was done on January , , 1981, and 

adaptation. the plants receiving natural day length and tem- 
The lentil adaptation trial (LAT), which com- perature grew under increasing photoperiods 

prises cultivars from the main lentil growing areas and low but increasing temperatures. The plants 
of the world, was started in 1979 and has re- receiving an extended day were grown under a 
vealed differences in adaptation between these 16-hour photoperiod. The results on days to first 
cultivars and also similarities and dissimilarities flower bud, as an average of four to eight repli- 



cations, are shown in Table 12. It is clear that 
there is general hastening in the onset of repro- 
ductive growth because of an extended photo- 
period or increased temperature. However, 
genotypes ILL-784 (from Egypt) and ILL-2526 
(from lndia) showed less sensitivity than others. 

In an attempt to identify genotypes with more 
stable yield and wider adaptability, the perfor- 
mance ot six promising but diverse genotypes 
was studied at five planting dates equally spaced 
between December 4, 1980 and February 23, 
1981. Genotypes ILL 4400, 4401, and ILL-253 
showed good yield stability. 

Table 12. Effect of "longdays" (LDI of 16-haur vs. normal 
day (NO) conditions on the days to flower bud appearance 
of nine genotypes of lentil under low and high ambient 
temperature conditions. 

Days from planting to lirsl flower bud 

H~ah Low 
tempeiature temperature 

Gemtype Origin ND' LD2 ND LD 

ILL 58 Iraq 91.4 67.7 102.2 89.5 
ILL 92 USSR 97.4 74.4 113.0 92.7 
ILL 183 Turltey 97.0 73.4 105.7 88.2 
ILL 204 Ethiopia 92.0 69.2 106.7 83.5 
ILL 784 Egypt 72.0 64.5 76.5 71,2 
ILL 4401 Svria 87.2 64.6 91.7 74.0 
ILL 4349 USSR 102.6 73.6 106.0 86.0 
ILL 2526 India 72.6 64.6 76.7 73.5 
ILL 854 Alaeria 97.0 69.1 106.0 88.2 

'ND = normal day length conditions. 
'LD = long (16-hr) day length conditions 

Development of Drought 
Tolerance in Lentils 

Objectives of this project are to: 

(1) Develop cultivars and genetic stocks 
capable of producing an economic and stable 
yield under low rainfall situations through a tol- 
erance to drought and heat stress during the 
reproductive period of growth. 

(2) Develop appropriate agronomic practices 
for increasing the water-use efficiency of prom- 
ising cultivars under low rainfall conditions. 

During the 1980181 season, the focus of re- 
search was on the development of a reliable 
method of screening for drought tolerance. 
Twelve geographically diverse genotypes of lentil 
were grown at Tel Hadya under three moisture 
regimes: M, = adequate moisture supply as- 
sured by. supplementary irrigation (405 rnm of 
total moisture); MZ = rainfed conditions (345 mm 
of total moisture); and M, = 300 mm of total 
moisture supply obtained by excluding additional 
rain through the use of plastic sheets. 

Yield data are shown in Table 13. Variations 
in moisture supply significantly affected the per- 
formance of the crop. Genotypic differences in 
response to the moisture supply were not statis- 
tically significant, however genotypes ILL 101, 
470,793,4354, and 4401 appeared to show less 
sensitivity to reduced moisture supply than the 
rest of the genotypes. 

Trends for grain yield were similar to those for 
the total biological yield (Fig. 3). The yield under 
reduced moisture supply (M, or M,), as a per- 
centage of yield under assured moisture supply 
(M,), when correlated with days from planting to 
maturity under MI, showed a positive and signif- 
icant (P 5 0.05) correlation (r = 0.59). Thus, the 
lower apparent sensitivity of some genotypes to 
reduced moisture supply in the present study 
could not be explained by drought escape. 

Chickpea Improvement 
Improved Kabuli Chickpea Cultivars 
and Production Technology 

Objectives of this project are to: 
(1) Develop cultivars and genetic stocks 

with a range of maturities to fit different agro- 
ecological situations, with kabuki seed charac- 
teristics desired by the consumer and with high 
and stable yield, resistance to Ascochyta blight, 
and suitable for earlier planting. 

(2) Develop appropriate agronomic practices 
for existing and improved cultivars. 
(Chickpea research at ICARDA is carried out 

jointly with ICRISAT.) 



Table 13. The effect af total seasonal moisture supply on the grain 
yield of some diverse genotypes of leniils grown at Tel liadya during 
thr 19WIIR1 season. 

Yield (kgiha) 

Genolype ILL Orlgin MI' Mz2 Mz3 Mean 

V1 4401 Sytia 1340 1161 981 1161 
V2 793 E a v ~ t  1121 849 1040 1003 
V3 1861 Gdan 882 842 858 861 
V4 2501 India 936 765 786 829 
V5 1877 Turkey 958 805 790 851 
V6 4349 Russia 915 789 697 800 
V7 101 Moracca 1186 1062 1185 1144 
V8 4400 Syria 1468 1081 1249 1266 
V9 1744 Ethlopia 775 475 428 559 
V10 470 Syria 1066 1055 1006 1042 
V11 223 Iran 1466 805 935 1069 
V12 4354 Jordan 1108 896 1000 1001 

SE? 131.2 23.6 

'M,  = adequate moisture supply assured by supplementary irrigation. 
2M, = rainfed conditians (345 mm of total moishlre). 
>M, = 300 mm total moisture. 

5 4 L ~ 1 ,  c 8 f c m < a l t a , m ,  L , , , , ,  1 
M3 M2 M I  
300 345 405 

Seasonal  Moilturc Supply (mm)  

Total Biological Yield 

Fig. 3. Relative yield of lentil genotypss as affected by moisture supply. [Grain yield on the I&, total biological yield on 
h e  right.) 



Development of Cultivars 
and Genetic Stocks 

SPRING TYPE. Approximately 300 crosses 
were made. These included some crosses made 
at the request of the Syrian, Turkish, and Egyp- 
tian national programs. Most were simple crosses 
but a few back-crosses were made with ILC 482 
and ILC 484, two high yielding and widely 
adapted cultivars, and ILC 327+a tall genotype 
with a high level of resistance to Ascochyra 
blight. 

Advanced breeding lines in the F, and F, 
generations were evaluated in the initial evalua- 
tion yield trial using an augmented design. The 
results indicated that 203 out of 2490 lines at 
Tel Hadya and 110 out of 2469 lines at Terbol 
in Lebanon were significantly better than the 
best check. A few lines performed better than 
the local check at both Tel Hadya and Terbol. 
The best lines exceeded the local check by over 
40%. 

Two hundred and seven lines were tested in 
replicated yield trials at Tel Hadya and Kfardan 
(Table 14). Although only two lines at Tei Hadya 
and eight at Kfardan yielded significantly better 
than the check, 87 lines at Tel Hadya and 114 
at Kfardan exceeded the check. 

Lines supplied through the international nur- 
series have been selected by several national 
programs for inclusion in on-farm or multi-location 
trials. These include: 

Syria: ILC 263 
Egypt: ILC-480, -610, -673, -1919 and 

-1 922 (in the 1980-81 season) 
ILC-249, -482, -1407, -2912 (in the 
1981-82 season) 

Pakistan: NEC 138-2, ICC 1772, ICC 5127 
U.S.A.: ILC-237, -263, -1298 

LARGE SEEDED TYPE. Twenty-five crosses 
were made with the aim of combining extra large 
seeds (100 seed weight greater than 40 g) with 
high yield and resistance to Ascochyta blight. 
The number of progenies in F3, F4 and F, gen- 

erations sown during the spring were 212, 122, 
and 243, respectively. Thirty-four F4 and 46 F, 
progenies were bulked for replicated yield trials 
in the 1981-82 season. 

A modified bulk method has been adopted for 
the development of large seeded and Ascochyra 
blight resistant cultivars. Sixteen large seeded 
F3 populations were sown in the Ascochyta bligM 
disease nursery during the winter season. Plants 
susceptible to blight were rejected and the re- 
maining plants were bulk harvested and seeds 
larger than 40 gI100 seeds were sieved in the 
laboratory. Forty-six lines were evaluated in ad- 
vanced yield trials at Tel Hadya and Terbol and 
another 69 lines were evaluated in preliminaly 
yield trials at Tel Hadya. Although 44 lines out- 
yielded the Syrian local landrace, only three did 
so significantly. 

Table 14. Performance of new chickpea entries evaluated 
in Tel Hadya and Kfardan during the 1980181 season. 

No. of Entries 
No, of entnes exceed~no CV 

Location tnals tested check ("4 
Tel Hadya 9 207 87 13.9-28.3 
Kfardan 9 a 7  114 12.5-17.5 

QUALITY. The protein content of over 3000 
germplasm accessions and breeding lines was 
analyzed using a Neotec FQA 51 analyzer. Pro- 
tein content in germplasm accessions varied 
from 16.0 to 24.8%. The cooking time test (total 
time for 90% of the sample to be cooked; TTS 
90) was evaluated and the procedure stan- 
dardized. TTS 90 ranged from 55 to 195 minutes. 
Desi chickpea types were significantly shorter in 
cooking time than kabuli types. The same effect 
was observed with seed size, the small types 
being significantly shorter in cooking time than 
the intermediate and large-seeded types. The 
range of variability observed within the kabuli 
types was from 65 to 195 minutes in the 1981 
crop year and 60 to 170 minutes in lines tested 
from the 1980 harvest. 



Crop Management and Physiology 

DATE OF PLANTING AND GENOTYPE IN- 
TERACTION. In a date of planting study with 
some improved winter and spring season culti- 
vars, the superiority of ILC 262 for spring planting 
was confirmed. This genotype proved to be poor 
yielding when planted before February because 
it was seriously damaged by Ascochyta blight. 
ILC 482 performed well in both winter and spring 
seasons. 

RESPONSE TO FERTILIZER APPLICATION 
AND INOCULATION. A positive response to 
application of 50 kg P,Odha was obtained with 

Table 15. The effect on grain yield of chickpeas of 
dinerent levels of plant population in winter IW) and 
spring (S) plantings at various sites in northern Syria. 

Treatment Br~da Kalr Antoolr Tel Hadya J~nd~ress 
Genotype ?lan1s!m2 (kg:ha) (kg!ha] (kg:ha) (kgha) 

ILC 482 50 552 981 2425 3666 
1 '  33.3 549 426 1617 3291 , ., 

25 
20 
16.6 

ILC 482 50 
(S)' 33.3 

25 
20 
16.6 

ILC 202 50 
(W) 33.3 

25 
20 
16.6 

ILC 202 50 
(S) 33.3 

25 
20 
16.6 

Location mean 
CV (96) tor Su.* 
LSD (5%) 

M' 

588 
778 
718 
823 
760 
736 
621 
616 
921 
663 
767 
692 
656 
926 
771 
680 
659 
605 

720 
25.53 

N.S. 
Su. 55.6 152 232.9 
MxSU. N.S. N.S. 465.8 

'W = Winter planting. 
'S = Spring planting. 
S u .  = Sub plot (plantpopularlon). 
'M = Main plot (date of planting). 

393.9 
N.S. - 

spring planted ILC 482 at Kafr Antoon, where the 
avaiiable soil phosphorus was 1.5 ppm in the 
0 to 15cm soil layer. Although inoculation with 
Rhizobium along with phosphorus application 
improved the yield, the highest yield (1.56 t/ha 
compared to 0.97 Vha for the control) was ob- 
tained when 100 kg of nitrogen was applied with 
phosphorus. An application of potassium at 60 
kg K20/ha had no effect. 

PLANT POPULATION RESPONSE OF DIF- 
FERENT PLANT TYPES. Studies on the re- 
sponse of ILC 482 (semi-spreading type) and 
ILC 202 (tall type) cultivars to variations in plant 
population from 16.6 to 50 plantdm2 in the spring 
season revealed that the differences were small, 
although at wetter sites a trend of increased 
yield with increased population was evident 
(Table 15). 

PHOTOPERIODIC RESPONSE OF GENO- 
TYPES IN OFF-SEASON NURSERY. Gener- 
ation advance of late maturing types during the 
summer off-season is limited by the short day- 
length conditions. To induce flowering the day 
length was extended by artificial light and this 
resulted in good reproductive growth and uniform 
maturity. 

improved Kabuli Chickpea Cultivars 
and Production Technology 
for Winter Planting 

Objectives of this project are to: 

(1) Develop high and stable yielding, cold 
tolerant, Ascochyta blight resistant cultivars 
and genetic stocks of kabuli chickpeas adapted 
to winter planting in areas of the Mediterranean 
region where the crop is presently spring 
planted and where the climatic conditions per- 
mit winter planting. 

(2) Develop appropriate agronomic practices 
for existing and improved cultivars for winter 
planting. 



Table 16. Some characteristics of kabuli chickpea lines resistant to Ascochyra bligM 
at Tel Hadya. 
ILC Seed 
no. Pedigree Maturity Habit color Origin 

72 Lot No. 4 late tall-erect light orange Spain 
182 Armenia 1207 medium semi-erect light orange USSR 
183 Armenia 1207 medlum semi-erect light orange USSR 
187 Uzbekistan 16 late semi-erect light orange USSR 
191 Krasvadar Territory 1286 late semi-erect beige USSR 
194 Krasvadar Territory 1286 medium semi-erect beige USSR 
200 Krasvadar Territory 1335 iate semi-erect light orange USSR 
201 Krasvadar Territory 1403 late lall-errect light orange USSR 
202 Krasvadar Territory 1403 late tall-erred light orange USSR 
236 Coll.No.KI713 Kabul Bazzar late semi-erect beige Afghan. 
482 Acc.No.2678068 Adapazari early semi-erect beige Turkey 
484 Acc.No.26783-68 Bursa early semi-erecl belge Turkey 

2380 W655 medium semi-erect beige USSR 
2506 Uzbekistan 16 late semi-erect light orange USSR 
2548 P9657 medium semi.erect beige USSR 
2956 12-071-10032 late tall-erect light orange USSR 
3001 Callection No. 731 C medium semi-erect yellow-green Afghan. 
3279 Krasvadar Territory 1335 late tall-erect lhght orange USSR 
3340 S.N.166 (PI 315781) late semi-erect beige India 
3342 S.N. 88 (PI 212595) late semi-erect beige Alghan. 
3346 Unknown late tall-erect light orange USSR 
34W 77MS tale semi-erect beige ICARDA 

Development of Cultivars 
and Genetic Stock 

WINTER TYPES. Following the development 
of a large-scale field screening technique for 
Ascochyta blight a systematic evaluation of 
kabuli accessions maintained at ICARDA and 
desi accessions from ICRISAT is being made. 
To date, 9405 accessions (3400 kabuli and 6005 
desi) have been evaluated and 153 (22 desi and 
131 kabuli) have been found resistant to Tel 
Hadya isolates. The details of some of the re- 
sistant kabuli lines are given in Table 16. Most 
of these lines originated from germplasm intro- 
duced from U.S.S.R., Afghanistan, and Turkey 
while the desi types were from Iran, lndia. Af- 
ghanistan, and Pakistan. Most of the resistant 
kabuli lines were small seeded and late matur- 
ing, while most of the resistant desi types were 

cluded in the Chickpea International Ascochyta 
Blight Nursery. Entries in this nursery have also 
shown resistance in other countries in West Asia, 
North Africa and the Indian sub-continent (Table 
17). 

The results of the winter chickpea international 
yield trials (CIYT-W) were returned from eight 
locations. Many entries produced yields of more 
than 3 tiha. Co-operators in the following coun- 
tries have started using ICARDA material for win- 
ter planted on-farm trials or multi-location trials 
with a view to identifying cultivars for release 
for general cultivation: 

Syria: 
Lebanon: 
Jordan: 
Tunisia: 
Morocco: 

ILC 195, ILC 215, ILC 482 
ILC 482, ILC 484 
ILC 482, ILC 484, ILC 202 
ILC 482, ILC 484 
ILC 482, ILC 484 

black seeded. As a rule, only those lines which were found 
Lines found resistant at Tel Hadya were in- resistant to Ascochyta blight at Tel Hadya were 

1 0 2  



Table 17, Chickpea lines resistant to Ascochyta blight in 
different regions when tested in the Chickpea 
International Ascochyta Blight Nursery from the 1978 to 
the 19BO18l season. 

Region Country Resistant lines 
West Asia Syr~a Large number including: ILC-72. -191, 

-196, -2380, -2959, -3279 
Lebanon 34 entries including: ILC -72, .191, -196, 

-2380, -2956, -3279 
Jordan Lame number includino: ILC -72. -191. -1%. -. - 

.i380, -2956, -3279- 
Turkev ILC -72, -191, -1%. -201. 232. -2380. 

-2956, -3279, Pch 126 
North Alrica Algeria Large number including: ILC -72, -191. -196, 

-2380, -2956, 3279 
Indian Sub- Pakistan ILC -72, -191, -194, -196, -484. -2360, -2956. 

continent -3279, ICC .1903, -5127, -7514, Pch -15 

distributed in the region. However, the majority 
of them were found susceptible to the patho- 
types. prevalent in Turkey and Pakistan. Tel 
Hadya is a location where infection may be high 
on pods of resistant lines, and for the last two 
seasons pod infection was recorded. An asso- 
ciation was obsewed befween pod reaction to 
the disease at Tel Hadya and vegetative reaction 
in Turkey or Pakistan. 

Segregating material sown at Tel Hadya in- 
cluded: 73 F,'s, 115 F2 bulks, F, bulks and 99 
F, progenies, 30 F4 bulks and 1121 F4 progenies, 
and 194 F, and 412 F6 progenies. A total of 
5990 single plants were selected and 99 prog- 
enies bulked. Tolerance to late frost is an im- 
portant attribute in cultivars for winter sowing. 
All the segregating materials that showed sus- 
ceptibility to the frost in the first week of April 
1981 were rejected. 

Fb, F5, and F6 progenies were sown in an aug- 
mented design with three checks repeated in a 
block of 20 entries. Many progenies were uni- 
form, resistant to Ascochyta blight and ex- 
ceeded the local check seed yield. The highest 
yields exceeded 3 Wha. The performance of the 
ten highest yielding bulked lines is shown in 
Table 18. 

TALL TYPES. Over 30 tall lines have been 
assembled and a few of them possess a broad 

Pod infection of Ascochfla blight on a susceptible chick- 
pea line. 

Table 18. Perlomance of the best ten bulked chickpea 
progenies grown at Tel Hadya during the winter of the 
1980181 season. 

% increase Disease 
Yield over reaction' 

Pedigree (kgrha) ILC 482 Veg. Pod 

ILC 5lxlLC 200 3600 93 3 2 
IIC 618xlLC 194 3293 66 3 3 . . -~ 

ILC 523xILC 183 3333 86 3 2 
ILC 1929xILC MO 3328 7 3 3 
ILC 1929XlLC 200 4848 30 5 5 
ILC 72xILC 897 3471 1W 3 3 
ILC 72xILC 897 3977 17 3 3 
ILC 72xILC 897 3502 38 3 3 
ILC 201xlLC 571 3302 31 3 3 
ILC ~OZXILC 893 3373 n 3 3 

Average 3603 40 
'Disease raac!ion:l = disease-free; 9 = killed by disease. 
Scored on vegetative parts (Veg.) and pods. 



spectrum of resistance to Ascochyta blight and 
remain the best sources of resistance. To ob- 
serve the yield of tall types at close plantings. 
six tall, two medium, and two conventional types 
were grown in a spit-plot design at two population 
levels: 33 and 50 plants/m2. The yields generally 
increased when the lines were planted at the 
close spacing, but these differences were small 
except for the mid-tail group (Table 19). Inter- 
estingly, the conventional type produced the 
highest yield and the tall type the lowest at both 
population levels. 

Segregating material for tall types included 90 
FS, 13 F4,471 Fs, 38 Fsand29 F,progenies. Four- 
teen promising uniform progenies were bulked. 
Twenty-seven plants from F, and 163 from F, 
were chosen. 

The recovery of tall types was low from tall 
x conventional types. Crosses between tall x tall 
and (tall x conventional) x tall were made to over- 
come this problem. Fifly crosses were made 
during 1981. 

Table 19, Mean performance ol  six tall, two mid-tall, and 
two conventional types of chickpea grown at normal and 
close spacing at Tel Hadya during the winter of the 
198WSl season. 

Yield ($:ha) %increase of high 
Growth over normal 
habi 33 pl/mz 50 pl/m2 population 

Tall 1804 1950 8.1 
Mid-tall 1947 2514 29.1 
Conventional 2865 3102 8.3 

On-farm Trials 

This was the second year of the on-farm trials 
jointly run by the Directorate of Agricultural 
Research of the Ministry of Agriculture and 
Agrarian Reform (Syria) and ICARDA. As in 
1980, ILC 482 maintained its superior perfor- 
mance (Table 20). The performances of ILC 482 
and Syrian Local, sown during winter and spring 
in two seasons, are presented in Table 21. 

Crop Management 

RESPONSE TO DATE OF PLANTING AND 
PLANT POPULATION. In a study on the re- 
sponse of some promising genotypes to dates of 
planting, ILC 484 yielded 1.91, 1.46, 1.16, 0.94, 
and 0.50 tlha when planted on the 20th day of 
November, December (1980), January, Febru- 
ary, and March (1981), respectively. The corre- 
sponding values for ILC 202 were 1.82, 1.56, 
1.08, 0.85, and 0.40 tlha. Thus, the advantage 
of advancing the date of planting from the tradi- 
tional spring date (February to March) to early 
spring or winter was again confirmed. 

Studies on the response of winter-planted 
genotypes to increasing populations from 16.6 
to 50 plantsim2 revealed that the heaviest yields 
were obtained at the highest plant population at 
Tel Hadya as well as at Jindiress (Table 15). At 
the drier site of Brida, there was no such re- 
sponse. The winter crop of chickpea at Kafr 
Antoon was severely damaged by Orobanche 
resulting in smaller treatment differences. 

RESPONSE TO PLANT POPULATION 
AND PLANTING GEOMETRY IN TALL AND 
SPREADING TYPES. Studies on the inter- 
action between planting geometry, plant pop- 
ulation level, and the growth habit of winter plant- 
ed chickpeas indicated that at plant population 
levels up to 50 plants/m2 there was no conspic- 
uous difference between the three planting 
geometry treatments: 1 :1, 1 :2, and 1:3. At the 
highest population level of 70 plants/m2, which 
also gave the heaviest yield, the square (1:l) 
planting geometry proved the best. Even at the 
highest plant population level, the tall genotype 
(ILC 202) did not yield as much as the genotype 
with a conventional growth habit (ILC 482). 

RESPONSE TO INOCULATION WITH 
RHIZOBIUM. The inoculation of winter-planted 
chickpeas (genotype ILC 482) with Rhizobium 
increased the yield from 1.3 ffha to 2.0 t/ha at 
Tel Hadya. A study of the dinitrogen fixing effi- 
ciency of winter planted chickpeas with eight 



Table M. Seed yield and di~case rating fDR) of chickpea cultivars sown during the 
winter and spring of the 1980m season in larmers' fields and experiment stations 
in Syria. 

Winter Spring 
ILC 482 Syr.Local ILC 402 Syr.Local 

Location Y' ORZ Y OR Y OR Y OR 
Hama Station 3990 - 0 9 - - 3580 4 
Hama 2617 - 0 9 - 1442 3 - 

lzraa 798 - 438 - - - - - 
Homs Station 703 - 0 9 - - 350 - 
lbbin 1525 3 1391 5 774 3 897 5 
Ram Hamdan 1534 3 294 7 880 3 686 3 
Ras Alein 493 3 43 9 409 3 293 3 
Kalr Yahmoul 2175 3 0 9 1978 3 728 5 
Tel Tokan 631 3 561 5 640 3 369 5 
lshkibar 2083 3 1547 5 1649 3 1438 3 
Zektan Al-Masmia 1132 3 576 5 360 3 401 3 
Qurbe 2698 3 1464 7 1242 3 897 5 
Ataareb 2539 3 1113 7 760 3 727 5 
Oeir Qaq 832 3 144 7 415 3 283 5 
Alqamieh 1230 3 1169 3 1138 3 1186 3 
Azez 902 3 0 9 852 3 Grazed 7 
Jindiress 2276 1 804 8 - - 0 9 
Kafr Anlwn 873 1 512 5 - - 11T7 1 
Brida 534 - 0 9 - - 0 9 
Tel Hadya 2337 3 0 9 1681 3 2 8 
bustan El-Basha 431 1 3 0 9 - - 1511 3 
Mean 1724 479 983 798 

' Y  = seed yield in kg1ha. 
'DR = disease rating; 1 = disease-free; 9 = killed by disease. 

Table 21. Mean performance of ILC 482 and Syr- 
ian local chickpea grown during the winter and by the most promising strains compared to the 
spring on farmers' fields and experiment stations uninoculated control (Table 22). 
in Syria. 

Grain yield (kgrha) 
Winler Spr~ng 

Svr. Svr 
Year ILC 482 &I ILC 402 ~ & l  

1979180' 1839 988 - 973 
1980/812 1724 479 983 798 
Mean 1782 734 983 886 

'Average of 18 locations. 
'Average of 21 locations. 

strains of Rhizobium, fertilizer nitrogen and an 
uninoculated control was made with the actel- 
yene reduction assay. There was a 100% in- 
crease in the amount of nitrogen fixed per plant 

Winter chickpea (ILC 482) inoculated with 
Rhizobiurn fixed 75 kg Niha as against 42.3 kg 
N/ha fixed by the spring-planted crop. These 
amounts of fixed nitrogen account for 85% of the 
total nitrogen harvested in the shoots. The tech- 
nique of assessment of N2-fixation was the same 
as that described earlier for faba beans and len- 
tils, i.e. using '5N labelled fertilizer. 

Role of Food Legumes in 
the Rainfed Crop Rotation 

Besides being a source of high quality protein, 
food legumes are also highly valued for their 



Table 22. Effect of Rhizobium inoculation and nitrogen fertilization on nodulation, nitrogenase 
activity. Nrfixation and grain yield of chickpea Icv. ILC 4821 grown at Tel Hadya in the 1980181 
season. 

Nodule Nod. dry wt. WM C,H, IIM C2H4 mg N fixed Yield 
Treatment no.:plant (mgplant) :plantlhour :g ncduleslhour 'pianvday (kgha) 

Uninoc. 5.3 161.4 11.7 78.3 2.6 2170 
IC - 26 18.9 329.2 27.4 137.2 6.2 2700 
CP .27a 15.9 215.9 27.5 137.2 6.2 2855 
120 kg N~ha 4.9 94.9 15.3 85.8 3.6 21 58 

Table 23. Effect of different legumes and fallow on the productivity of wheat in two-course rotations on 
deep soil under rainfed conditions at Tel Hadya (1979-81). 

Crops in the rotation 
1979i1980 1980i1981 

Lentil (uninoc.) Wheal 
Lentil (inoc.) Wheat 
Lentil (inoc, t carbofuran) Wheal 
Lentil (t100kg Niha) Wheat 
Lentil (harvested for hay) Wheat 
Faba beans (uninoc.) Wheat 
Faba beans (inoc.) Wheat 
Winter chickpea (uninoc.) Wheat 
Winter chickpea (inoc.) Wheat 
Mid-winter chickpea (inoc.) Wheat 
Spring chickpea (inoc.) Wheat 
Faba beans (wide rows) Wheat 
Spring chickpea (wide rows) Wheat 
Fallow Wheat 

Total shoot 
phytomass 

(t'ha) 
in 1979:1980 

6.31 t 0.26 
611 t o 9 5  
6 4 6 +  036 

Grain yield (tiha) ol Haurani wheat in 
1980181 with nitrogen applications 

0 kgha 30 kg:ha 60 kgiha 90 $:ha Mean 

1.58 2.20 2.36 2.35 2.12 
1.62 1.98 2.21 2.41 2.06 
1.55 1.82 2.02 2.23 1.91 

role in the maintenance of the fertility status of 
the soil. As a result of symbiotic nitrogen fixation, 
they may enrich the soil by leaving nitrogen-rich 
crop residues. Studies were initiated in 1978 
to evaluate the effect of different crops, including 
legumes, wheat, and fallow, on the subsequent 
crop of wheat in a rainfed two-course rotation at 
Tel Hadya. 

The results of 1980 cropping treatments in 
terms of total biomass production in that season 
and the subsequent effect of these treatments on 
the performance of wheat in 1981 are shown in 
Table 23. The annual precipitation was 428 mm 
in the 1979180 season and 345 mm in the 19801 

Wheat (Okg Niha) Wheat 1.89 t 0.67 1.04 1.90 2.26 3.04 2.06 
Wheat (6OkgNiha) Wheat 6.23 t 0.96 0.83 1.13 1.46 1.88 1.33 

81 season. The results clearly show that the yield 
of wheat following lentils or faba beans was as 
good as that following fallow and significantly 
better than the yield of wheat following wheat 
at both rates of nitrogen application. 

Since the relative response of a residual wheat 
crop to nitrogen application in 1981 was smaller 
in "legume-wheat" sequence than that in "wheat- 
wheat" and "fallow-wheat" sequences, it is clear 
that a part of this beneficial residual effect of 
legumes was the improved nitrogen supply to the 
residual crop of wheat. Thus, well-managed 
legumes have a definite beneficial residual effect 
for subsequent cereal crops in the rainfed two- 

LSD (0.05) 0.493 1 0.286 



Table 24. Distribution of food legume trials and nurseries over five seasons 11971-81). 
Total No, of sets distributed No. of dlfferenl lrials No, of countries 

Faba Chick- Faba Chick- Faba Chick- 
Season beans peas Lentils beans peas Lentils beans peas Lentils 
1977i78 19 34 33 2 2 2 9 15 15 
1978i79 67 84 81 5 5 5 14 17 t5 
1979!80 194 180 184 10 8 9 19 21 19 
1980i81 197 246 224 1 1  10 8 30 25 23 
1981182 133 346 249 10 12 1 1  25 33 27 

course rotation and can, therefore, replace "fal- the number of trials and the countries to which 
low" at least in situations where the rainfall does they have been sent suggest an increased 
not fall much below 300 mm. awareness in the countries served by ICARDA 

of the future importance and past neglect of 
legumes and the role ICARDA can have in stimu- 

International Cooperation lating and assisting legume research. 

Objectives of this project are to: 

(1) Provide for the widespread dissemina- 
tion of: 

Elite lines that could have potential as re- 
leased cultivars in West Asia. 
A range of genetic stocks to other regions 
for identification and utilization of the best 
adapted stocks by national programs. 
Early generation segregating populations 
for selection under local conditions. 
Material exhibiting special characteristics 
for evaluation and testing under local con- 
ditions. 

(2) Characterize the major environments in 
which food legumes are grown. 

(3) Obtain information on the agronomic 
factors which limit crop growth in different 
regions. 

DISTRIBUTION OF GENETIC MATERIALS. 
One way that ICARDA has attempted to strength- 
en food legume research at the national level 
has been the distribution of genetic material in 
various types of trials to co-operators in many 
countries. The number of trials distributed in five 
seasons from 1977 is given in Table 24 for the 
three legume crops. The progressive increase in 

DIVERSIFICATION. Table 24 also shows a 
progressive increase in the number of types of 
trials available for distribution. This partly results 
from the division of faba bean and lentil trials 
into large and small seeded categories, and more 
recently the addition of large seeded kabuli chick- 
pea trials. But this also reflects an increase in 
the type of breeding and agronomy trials avail- 
able. The breeding trials originally comprised 
yield trials and screening nurseries, but now also 
include segregating population and adaptation 
trials. International agronomy trials were first 
distributed in 1978. There are now three types of 
trials available for each crop: date of planting 
and population, fertility/inoculation, and weed 
control. 

A recent analysis of three years' data from 
international yield trials conducted in the region 
indicated that genotype x environment and geno- 
type x year interactions may be expected to be 
common phenomena. In spite of this it has been 
shown in the individual crop reports that geno- 
types selected at Tel Hadya and Terbol have 
performed well in countries in West Asia, where- 
as success has generally been more limited out- 
side this region. Accordingly, the current breeding 
policy of the Program is to attempt to select 
genotypes that could have immediate potential 



as cultivars in West Asia. For the other regions 
the aim is to supply a range of genetic stocks 
within which national programs can identify and 
utilize the best adapted material. 

To pursue this strategy, the area sewed by 
ICARDA has been divided into several regions, 
each of which will ultimately receive trials spe- 
cifically designed for that region. This division 
and the number of trials distributed to each re- 
gion for the 1981-82 season is given in Table 
25. Meanwhile, the recognition of a relatively 
narrow adaptation in lentils has already resulted 
in the supply of trials containing genetic material 
specifically developed for the regions shown in 
Table 26. 

Tabk 25. Distribution of trials and nurseries to six 
regions in the 1981/82 season. 

Region' 

Crop 1 2 3 4 5 6  

Faba beans 28 5 23 40 6 31 
Chick~eas 67 27 60 31 68 93 
Lenttls 50 27 29 24 67 52 

'Region I West Asia - Syria, Lebanon, Jordan, Iraq, 
Cvorus. 
%hion 2 High altitude - Turkey, Iran. 
Region 3 North Africa - Tunisia, Morocco, Algeria, 
Libya. 
Region 4 Nile Valley - Egypt, Sudan, Ethiopia. 
Region 5 Indian subcontinent - India, Pakistan, Ban- 
gladesh, Nepal. 
Region 6 Nonh and South America, China, Arabian 
Peninsula, Europe. 

Table 26. Divenification of international and regional len- 
til trials distributed in the 1981-82 season together with 
their target regions. 

Reoion' 

Type of trial 1 2 3 4 5  

Yteld trials It- 7-1 
I+----?+ 

{ C 1 -4 
Screening nurseries - 2 4  + - I +  
F, segregating populations + 1 4 C 1 -I 
Adaptation trial -1- 

'Regions 1 to 5 are as described in Table 25. 
'Each number in the table gives the number of trial types 
distributed in one or more regions. 

Germplasm Collection, 
Evaluation, Maintenance, 
and Distribution 

Objectives of this project are to: 

(1) Collect germplasm from the region and 
elsewhere. 

(2) Evaluate the germplasm for various char- 
acteristics and to document the information. 

(3) Maintain and distribute the germplasm to 
scientists throughout the world on request. 

(4) Collect and evaluate the usefulness of 
Vicia, Lens, and Cicer species as possible 
donors for desirable characters. 

(5) Study the crossability of wild species with 
cultivated species. 

FABA BEANS. The BPL collection now com- 
prises approximately 3500 accessions. One 
thousand BPL accessions were evaluated for 
morphological and agronomic characters at Tel 
Hadya; 750 new ILB accessions were grown in 
the screen houses. 

LENTILS. The lentil collection now com- 
prises 5070 accessions of which 359 were 
added during 1981. The new material came 
largely from East Germany, Hungary. Jordan, 
Spain, U.S.S.R., and the Yemen Arab Republic 
but includes a wide range of genetic variability 
with origins in 27 different countries. Five hun- 
dred accessions were screened for resistance to 
broomrape (Orobanche crenata) in heavily in- 
fested soil; 500 germplasm accessions were sent 
to each of three countrie+Bangladesh, Egypt, 
and Pakistan. 

CHICKPEAS. With the addition of 1100 
accessions during the year, the kabuli collec- 
tion now stands at over 4500 accessions; 4000 
desi accessions from ICRISAT were screened for 
Ascochyta blight resistance. A total of 3367 
kabuli and 6005 desi accessions have now been 
screened, of which 22 kabuli and 131 desi lines 
have shown resistance to Ascochyta blight. Two 



Table 27. Faha bean host differential set developed on the basis of disease 
reaction and the number of pycnidia per unit area counted on 'M randomly 
selected Ascochyta blight infected leaves. 

No, of pycnidia 
per 10mm2 Disease 

Pedigree of lesion rating' Host status 

Sel.80 - LAT (14435-3) &1 0 1 very reslstanl 
Se1.80 - LAT (F6X75TA46) 0-1 0 1 very resistant 
Sel.80 - LAT (ILB 37) 11-25 3 resistant 
Sel.80 - LAT (Large Syr.Loc.) 2650 5 moderately resistant 
Sel.80 - LAT (77MS 87002) 2650 5 nwderately reslstant 
Giza . 4 51-100 7 susceptible 
Se1.80 - LA1 177MS 872001 51-100 7 susceplible 
BPL 161 101 or more 9 highly suscept~ble 
BPL 165 101 or more 9 highly susceptible 

- 

'Visual disease assessment on a 1-9 scale; 1 = disease-free; 9 = hilled by  
disease. 

thousand kabuli accessions were screened for 
resistance to damage from late frost (April), and 
many resistant lines have been found. Over 2500 
accessions were distributed to national pro- 
grams. 

Disease Resistance 
and Control 

Obiedives of these studies are to: 

(1) S u ~ e y  the distribution and importance of 
food legume pathogens in the region. 

(2) Identify sources of resistance and, in co- 
operation with the breeding programs, develop 
cultivars having single or multiple resistance to 
major pathogens. 

(3) Develop alternative control measures. 
(4) Study epidemiology, environmental fac- 

tors affecting disease development, disease 
nursery techniques, etc., in support of objec- 
tives 2 and 3. 

Faba Beans 

ASCOCHYTA FABAE. With a view to study- 
ing physiological variation in Ascochyra fabae, 
a preliminary host differential set consisting of 
nine different genotypes, based on number of 
phycnidia and disease reaction, was developed 
(Table 27). Employing host plants known to be 
resistant, new virulences in the local popu- 
lation of A. fabae were detected (Table 28). 

Table 28. Pathogenicity of cerlain isolates 
of Ascochyta fabae on resistant and sus- 
ceptible faba bean genotypes. 

D~sease rating2 on genotypes 

Isolates' Latakia-1 Lattakia-2 Local 

A 2.0 7.0 8.5 
B 2.0 6.5 8.0 
C 1.5 2.5 8.0 

'Isolate A was isolated from ILB 37, B from 
BPL 230, C from ILB 1814 in Laltahia. 
'Visual disease assessment on a 1 to 9 scale; 
1 = disease-free, 9 = hilled by disease. 

Results dealing with the identification of 
sources of resistance and the incorporation of UROMYCES FABAE. Faba bean rust, 
resistance for developing improved cultivars caused by Uromyces fabae, was the most wide- 
have been reported in earlier sections. Results spread faba bean disease during 1981. The effi- 
of other studies are presented here. ciency of nine fungicides in controlling the dis- 



ease was tested on a local large seeded land 
race that was artificially inoculated. Fungicides 
were sprayed every 15 days, starting in early 
January and ending in early May. Dithane M-45, 
difoiatan, and trimiltox treatments provided the 
best control, followed by bravo8F, topsin-M, 
calixin, and bavistin. These chemicals provided 
significantly better (p 5 0.01) rust control than 
other treatments. 

ROOT ROT AND WILT COMPLEX. Root rot/ 
wilt symptoms were present in 77% of faba bean 
fields surveyed in 1977. Several pathogens have 
been suggested as causal agents. An attempt 
was made to investigate the roffwilt complex at 
Lattakia. Isolations made from 50 root samples 
from diseased plants yielded predominantly two 
genera of fungi: Fusarium sp. and Rhizoctonia 
sp. These were confirmed by the Commonwealth 
Mycological Institute to be Fusarium moniliforme 
and Rhizoctonia solani; the former causing wilt 
and the latter root rot. 

STEM NEMATODE. A field survey on the 
distribution and economic importance of stem 
nematode, Ditylenchus dipsaci, on faba beans 
in Syria was undertaken during March and June 
1981, and 109 fields were examined; 45.9% of 
the fields were infested with the nematode. Signs 
of nematode damage were seen most frequently 
along the coast, less frequently behind the 
coastal mountains, and were absent in the north- 
eastern part of Syria. The measurement of the 
length of the nematodes indicated that the "Giant 
Race" is predominant on faba beans in Syria. 
Ranunculus arvensis and Convolvulus arvensis 
were two common weed species heavily infested 
with the nematode and sewing as alternate hosts. 
Estimates in pot trials of the effect of the stage 
of growth at which nematode infection occurred 
revealed that yield reduction was 20% when in- 
fection occurred eight weeks after sowing. How- 
ever, when one-week-old seedlings were infected 
the yield reduction was 85%. 

Lentils 

The incidence of various diseases at 15 "on- 
farm" locations in Aleppo Province was surveyed. 
Major diseases were Ascochyta blight, downy 
mildew, leaf spot, and root rot. Progress in the 
development of root rotlwilt complex was fol- 
lowed in the plot used for screening genotypes 
for resistance to the complex. Disease incidence 
increased through the season and reached a 
level of 73.4% before harvest. Sixteen isolates 
were made from the lower stem region of the 
affected plants. Twelve of these isolates proved 
pathologic in an inoculation test on lentils. The 
fungus was identified as Fusarim oxysporum. 

Chickpeas 

A survey of the prevalence of diseases in on- 
farm trials in Aleppo Province revealed that 
Ascochyta blight (caused by Ascochyta rabiei) 
and root rot were the major diseases on winter 
chickpeas. Diseases of minor importance were 
Anernaria, Cledosporium, and Stemphylium. 

ASCOCHYTA BLIGHT. For developing arti- 
ficial field epiphytotics of Ascochyta blight, plant 
debris was compared with a suspension of spores 
as a source of inoculum. The suspension of 
spores was prepared from a pure culture of the 
fungus and from freshly infected plants in the 
field. When debris was used, the disease de- 
velopment was slightly faster. 

The final severity of Ascochyta blight was not 
affected whether the whole plot or only the 
spreader rows (appearing after every two or four 
test rows) were inoculated. The disease spread 
was fastest, however, when the whole plot was 
inoculated. The spread also occurred faster when 
every third row rather than every fifth row was 
the spreader. The stage of plant growth at which 
inoculation was done had no effect on the re- 
action of the lines to Ascochyta blight. 

Disease ratings of different genotypes when 
inoculated with different isolates (Table 29) indi- 
cate that there are variations in virulence within 



Table 29. Pathogenicity of dinerent isolates of Ascochyta rabiei on resistant and 
susceptible chickpea genotypes. 

Disease ratingZ on genotypes ILC 

Isolate' 184 190 195 202 215 249 482 3279 1929 

A 7 5 5 1 7 7 5 3 9 

'Isolate A was obtained from ILC 249, B from ILC 482, C from ILC 195, and D was a 
mixture of field collections of A. rabiei. 
2Disease rating was on a 1 to 9 scale; 1 = disease free; 9 = hilled by disease. 

Table 30. Major insect pests found on faba beans in the ldleb. Tartous. Lattakia, and Homs regions of 
Syria on April 4. 1981. 

Black bean Green Sitona Stemborer - Auion Leaf midae - ~ ~ ~ . .  
aphid aphid Thnps adults adults larvae ia'rvae larvae- 

% of fields in- 84.6 15.4 69.2 69.2 76.9 53.9 23.1 23.1 
fested 
Mean % of plants 67.5 - - 80.0 96.0 42.9 5.0 - 

infested 

the local population of Ascochyta rabiei. 
Studies on the control of Ascochyta blight with 

fungicides reconfirmed that bravo-6F and di- 
thane-M45 were effective in controlling the type- 
4 sporulating lesions which appeared in Lattakia 
on some resistant genotypes. 

Insect Pest Resistance 
and Control 

Objectives of these studies are to: 

(1) Survey the region to determine the major 
and minor insect pest species of food legumes, 
their distribution, life cycles and economic im- 
portance. 

(2) Identify sources of resistance to major 
pests, particularly aphids (faba beans). Sitona 
weevil (lentils), pod borer and leaf miner 
(chickpeas) and storage insects (all legumes). 

(3) Develop alternative control measures if 
economically justified. 

(4) Study insect pollinators in faba beans 
with a view to developing more effective meth- 
ods of using insects for cross-pollination in the 
breeding program and develop more effective 
methods of reducing cross-pollination under 
field conditions. 

Faba Beans 

Thirteen faba bean growing areas in ldleb, 
Tartous, Lattakia, and Homs governorates in 
Syria were Surveyed in 1981. The frequency and 
mean percentage infestation of the major insect 
pests are shown in Table 30. 

BRUCHUS DENTIPES. Screening of 51 0 
BPL lines from the 1980 crop (Tel Hadya), for 
seed infestation by Bruchus dentipes adults, 
showed that infestation of seeds ranged from 0 
to 70% of the seeds. Preliminary results indicated 
that seed size and color may influence the infes- 
tation. The least infestation was observed in 
small and dark colored seeds. 



Table 31. Effects of soil and foliar insecticides on controlling insect pests on lentils at Tel Hadya during the 1980181 
reason. 

%Infestation 01 
Nodules Leallets Plants by Pods by No. of aphids:m2 

by by 
Sitona Sitona @ion Pea Pod Pea Black 
LaNae Adult Adult Lalvae Thrips Aphids molh borer aphids aphids - - - - - - - too 

12/1/81 seed Gr%n 
10 wt, yield3 

Treatment 21/4/81 6/4/81 21/4\81 21\4/81 27/5/81 5/5/81 (g) (kg:ha) 

Check 97 26 98 8 80 35 , 4 2 309 27 6.9 1513(b) 
Furadan 5%' 3 7 83 10 90 43 4 4 481 28 7.3 1758(ab) 
Decis 25x2 92 24 73 13 8 5 0.1 0.2 15 2 7.6 1946(a) 

'Furadan 5% applied at 1.5 kg  a.iiha at planting. 
'Decis 25% applied at 38 g a.i.iha foliar spray at fortnightly intervals from Bi3181 lo 1215181. 
'Yield figures followed by the same lener are not significantly different at the 5% level. 

The influence of four planting dates on the 
infestation of 12 BPL lines by Bruchus was 
studied. Early planting in October resulted in the 
lowest seed infestation, while plants sown in 
November and December were most infested. 
BPL lines with early flowering also gave the 
lowest Bruchus infestation. No correlation was 
found between infestation and the width, length, 
and hairiness of pods. Deltamethrin (Decis) and 
endosulfan (Thiodan) were used in four appli- 
cations as foliar sprays for controlling Bruchus 
on faba beans in the field. The number of eggs 
per pod was three times greater in untreated 
plots. The infestation of seeds by larvae de- 
creased significantly from 48% in untreated plots 
to 5% in endosulfan and 13% in deltamethrin 
treated plots. 

Lentils 

In studies on Sitona weevils, it was found that 
attack on leaflets by adults was highest after the 
earliest planting date (October). Nodule damage 
by Sitona larvae ranged from 6% to 28%. Seven- 
ty-five plots in 15 off-station agronomy trials were 
scored in late March 1981 for insect attack. Spe- 
cial attention was given to the leaflet damage 
caused by Sitona adults. S.rnacularius (crinita) 
was found in most fields, while S.lirnosus was 
present in five fields. There were on average 

204 leaflets/plant in early planted lentils, 9% of 
which were attacked by Sitona adults. In the late 
planted material, there were 103 leaflets/plant 
of which 18% were damaged. Hypera subvittata 
and H.variabilis were observed causing damage 
in four fields. Early infestation by Acyrthosiphon 
pisurn and Aphis craccivora was observed in 
four fields. Heliothis larvae, Bruchus adults, 
Apion adults, semi-looper (Plosia) larvae, and 
leaf midge were also recorded. 

CHEMICAL CONTROL OF LENTIL IN- 
SECTS. In a chemical control trial, the appli- 
cation of five foliar sprays of Decis (deltamethrin) 
at fortnightly intervals beginning in early spring 
resulted in a significant yield increase of 29% 
(Table 31). 

SlTONA WEEVIL. The relative damage to 
genotypes, found to differ in previous seasons 
in their susceptibility to Sitona, was studied 
under insect-free conditions and natural infesta- 
tion at three sites in northern Syria. Carbofuran 
at seeding and supracide as a foliar spray in- 
creased seed yield by up to 40%. The infestation 
of root nodules by Sitona larvae decreased from 
82O/~93% in untreated plots to &3% in plots 
treated with carbofuran. The results for four of 
the ten genotypes tested are shown in Table 32. 
No direct relationship between nodule damage 
by larvae and leaflet damage by adults could 



Table 32. Percentage leaflet infestation and nodule infestalion by Sitona, and the 
grain yield of four treated and untreated lentil genotypes. 

Grain yield % Leaflet inlestation 96 Nodule intestaan 
(kglha) (adults) (larvae) 

Genotype unlriated treated' untreated treated' untreated treated' 

ILL 44012 854 1267 25.1 4.8 83.2 0.0 
ILL 3E2 1282 1458 26.8 3.6 90.4 0.0 
ILL 3425 791 1178 33.8 8.2 92.8 2.4 
ILL 37P 1033 1524 31.8 7.4 88.7 1.5 

'Treated with Carbofuran (1.5 kg a.l.ihaJ at planting, foffowed by Supracide (500 g 
a.i./ha) as foliar spray at forinightIy Mtewals from 813181 to 1215181. 
'Tolerant line. 
3Susceptible line. 

be established. Leaflet infestation increased rap- 
idly after germination and reached a peak in 
February. However, when the plant growth rate 
increased in spring the percentage of leaflets 
infested fell, even though the total number of in- 
tested Leaflets per plant continued to rise. At 
Kafr Antoon, 540 ientil lines were scored for leaf- 
let infestation by Sitona adults. None of the 
lines were free of infestation. About 40 lines had 
10% to 20% of leaflets damaged, 160 lines had 
21% to 40% damaged, and the remaining lines 
had over 41% leaflet infestation. 

PLANT PREFERENCE. Greenhouse studies 
on the feeding preference of S.macularius and 
S.l,inosus adults on lentil, faba bean, and chick- 
pea plants were carried out at Tel Hadya. The 
adults of S.macularius showed the strongest 
preference for lentils followed by faba bean and 
chickpeas. The number of leaflet notchings were 
18 (lentils), 4.2 (faba bean), and 0.1 (chickpea)/ 
5 pairs of adults11 1 days of feeding. Five pairs 
of S.limosus caused 17.9 notchings (lentil) and 
3 notchings (faba bean)/ll days when fed 
separately on lentil and faba bean plants. They 
caused 4.1 notchings (lentil) and 14.3 notchings 
(faba bean)lll days when they were fed on 
mixed ientil and faba bean plants. S.limosus 
did not feed on chickpeas if the crop was planted 
with lentils and faba beans. 

CALLOSOBRUCHUS. Seeds of 10 lentil 
lines were tested in open petri dishes for Callo- 

sobruchus chinensis infestation. Levels ranged 
from 80% to 94% in all lines. In separate closed 
petri dishes, ILL 804 from Egypt was the least 
attacked with 2.5% seed infestation15 females 
and the Syrian local small land race was the 
most susceptible with 85% seed infestation15 
females. 

Chickpeas 

Chickpea entomology studies were conducted 
with the assistance of a pulse entomologist from 
ICRISAT. 

Surveys conducted on off-station trials and 
farmers' fields in Syria showed that leaf miner 
infestation occurred in 12% to 65% of plants and 
pod borers infested from 0% to 8% of the pods. 

CHEMICAL CONTROL. Trials were carried 
out at Tel Hadya on the control of leaf miners 
and pod borers-the main insect pests of both 
winter and spring chickpeas. Spraying was 
started in early April and was continued at fort- 
nightly intervals until pod maturity. The results 
are shown in Table 33. In the early spring, in- 
festation by leaf miner was greater on winter- 
planted than on spring-planted chickpeas. How- 
ever, by April, 100% of plants from both planting 
dates were infested in untreated plots whereas 
insecticides reduced infestation to 0-17.5% 

SCREENING FOR LEAF MINER RESIS- 
TANCE. A study of 10 ILC lines in spring- 



Table 33. The yield of winter and spring planted chick- 
peas following application of t w o  insecticides. 

Spring planting Winter planting 

grain grain 
No. yield No. yield 

Treatment sprays (kgiha) sprays (kgiha) 
Thidan 35% 5 952.1 4 2004.0 

(7009 a.i.iha) 
Supracide 40% 5 945.8 4 1899.2 

(5009 a.i.iha) 
Check - 785.7 - 1682.9 

planted plots indicated that ILC 215 was the 
most susceptible to leaf miner infestation, fol- 
lowed by ILC 52, local and ILC 263, with 23% 
to 46% leaflet infestation. ILC 190, ILC 202, ILC 
482, and NEC 2305 were less susceptible with 
10 to 17% leaflet infestation. Forty-five spring- 
planted and 1240 winter-planted accessions 
were screened for leaf miner damage. Fifteen of 
the spring and 41 of the winter sown lines showed 
low susceptibility. 

HELlOTHiS SPP. Heliothis armigera adults 
were trapped in chickpea and cotton fields in 
pheromone traps. The adult catch increased 
steadily from February to July in chickpea fields. 
In cotton fields, moth catches declined from July 
to November. Few moths were caught in De- 
cember. The catch in cotton fields was 10 times 
greater than in chickpea fields. Light trap studies 
in chickpea fields from April to June indicated 
that Heliothis viriplaca moths were more abun- 
dant than H.armigera or H.peltigera. Pupae col- 
lected from both lentils and chickpeas showed a 
similar predominance of H.viriplaca (Table 34). 

Table 34. Heliotbis species essociated wilh chickpea and 
lentil crops grown at Tel Hadya 11980 to 1981). 

% of each Heliothis species 

Heliothis 1980 1981 

species Chlckpea Lentil Chickpea Lentil 
H armigera 72.4 5.9 0 0 
H pelfigera 3.5 0 0 0 
K viriplaca 24.1 94.1 100 1M) 

In trials to determine feeding habits, young Helio- 
this larvae showed a preference for leaves fol- 
lowed by tender pods, whereas older larvae in 
general preferred flowers and maturing pods and 
showed least preference for leaves. Only H.vir- 
iplaca among the Heliothis species showed 
pupal aestivo-hibernation. 

CALLOSOBRUCHUS. In laboratory experi- 
ments, 25 accessions were tested and ILC 501 
was found to be the least susceptible to Callo- 
sobruchus chinenis. 

Weed Control 
Objectives of these studies are to: 

(1) Survey the weed problem in the region 
and assess the crop yield losses caused by 
weeds. 

(2) Identify suitable selective herbicides for 
the control of broad-leaved and grassy weeds 
and to develop systems for weed manage- 
ment. 

(3) Screen food legume genotypes for their 
tolerance to Orobanche spp. and to develop 
control measures. 

Results of screening genotypes for their tol- 
erance to Orobanche have been described in 
earlier sections. Other results are presented 
here. 

Faba Beans 

INTERNATIONAL WEED CONTROL TRIALS. 
International faba bean weed control trials were 
initiated in 1981. The reductions in yield in Egypt, 
Lebanon, and Syria due to weeds were 23%, 
47% and 54% respectively. Methabehzthiazuron 
(3.5kg a.i.1ha) provided the best chemical weed 
control in Syria; terbutryne (3kg a.i.1ha) was best 
in Egypt. 

BROAD SPECTRUM WEED CONTROL. For 
broad spectrum weed control, broad-leaved weed 



Table 35. Effects of two herbicides and methods of application on Orobanche 
infestation in faba bean [Syrian Local Large land racel grown at Tel Hadya in 
the 1980/81 season. 

Dry weight of 
No. of Orobanche spikes Ombanche spikes 

Treatment (No.:mZ) (96 of control) (kg!ha) (% of control) 

Pronamide 3.75 kg a.i/ha 
complete plot spray, post-em. 17 6 57.1 310.7 66.9 
Pronamide 3.75 kg a.i.:ha 
s~rav  o lam onlv, oost-em. 21.3 69.2 378.7 81.5 ~, ~, ,~ ~ 

Pronarnide 3.75'kg ai.:ha 
soray soil onl~.  wst-em. 23.6 76.6 385.7 83.0 
~roiamide 3 . x  kg a.~.:ha 
watering post-em. 21.4 69.5 343.3 73.8 
Prowrnide 5 kg a.i.:ha 
Waterins. wst-em. 11.2 36.4 246.4 53.0 
~ l ~ ~ h o i a l e  (0.08 kg a.i.:ha) 
(3 times star$ng post-em. at 
15 days inlerval) 9.1 29.5 112.8 24.3 
Glyphosale (0.08 kg a.~.:ha) 
13 times slartlno earlv 

killers were mixed with the grass killer pronamide 
in trials at Tel Hadya. The best results were ob- 
tained from the mixture methabenzthiazuron 
2.0 + pronamide 0.5kg a.i./ha. It resulted in a 
yield increase of 94% over the weedy check. 
Cyanazine (1.25kg a.i.1ha) and chlorbromuron 
(1 .Okg a.i.iha) both in combination with pronamide 
(0.5kg a.i./ha) also gave good broad spectrum 
weed control. However, the triple mixture metha- 
benzthiazuron + cyanazine + pronamide gave 
a high crop phytotoxicity. All the combinations 
controlled volunteer wheat. 

OROBANCHE CONTROL. Pronamide and 
glyphosate herbicides were tested on faba beans 
for their efficiency in reducing Orobanche infes- 
tation. Pronamide application did not significantly 
increase faba bean seed yields. Glyphosate, on 
the other hand, control\ed Orobanche and gave 
increased seed yields (Table 35). The application 
of glyphosate at 0.08 kg a.i./ha three times every 
15 days, starting at the early flowering stage, 
resulted in higher yields compared to a similar 

schedule starting earlier when faba bean plants 
were 10 to 15 cm high. 

Lentils 

INTERNATIONAL WEED CONTROL TRIAL. 
Yields were reduced by 89% and 61% by weeds 
at Bahteem (Egypt) and Kfardan (Lebanon), 
respectively, in the lentil international weed con- 
trol trial. Prometryne was promising in controlling 
weeds in Egypt, Lebanon, and Syria. Cyanazine 
at 1.0 and 1.5kg a.i.lha was included in the trial 
at Tel Hadya and gave good weed control. 

BROAD SPECTRUM WEED CONTROL. For 
controlling volunteer cereals in lentils, pronamide 
at 0.5kg a.i.1ha as pre-emergence application 
gave 95% control of volunteers. Fusilade (PP 
009) as a post-emergence treatment also gave 
adequate control. A line applicator was devised 
to control weeds between lentil rows early in the 
season with gramoxone in 1:20 vlv water solu- 
tion. Studies on the application of herbicides in 



Tabla 95. Elfeels of two herbicides and methods of application on Orobanche infestation in lentil (Syrian 
Local Smell land race) grown at Tel Hadya in me 1SilB1 season. 

DN weiaht of 
Seed yieid NO. of Ombanche spikes oroianche spikes 

Treatment (kglha) (% 01 control) (Na.!m2) (%of control) (gim? (% of control) 
Pronamide 2.0 kg a.i./ha 
spray post-em. 398 159 21.5 50.6 9.3 48.2 
Pronamide 1.0 kg a.i.iha 
watering postem. 384 154 24.5 57.6 14.3 74.1 
Pmnamide 2.0 kg a.i.!ha 
watering past-em. 276 111 29.7 70.0 15.2 78.8 
Pronamide 3.0 kg a.i.!ha) 
watering pastm.  382 153 12.7 30.0 5.7 29.8 
Gbphosate (0.M kg a.i.!ha) 
(3 times starting post-em. 
with 15 days interval) 331 133 18.0 42.4 8.0 41.5 
Glyphosate (0.08 kg a.i.1ha) 
spray complete flowering 172 69 25.5 60.0 11.4 58.9 
Glyphosate(O.l6 kg a.i.1ha) 
spray complete flowering 252 101 7.0 16.5 3.7 19.4 
Control, untreated 250 100 42.5 100 19.3 100 

LSD (0.05) 144 11.9 7.8 

mixture with superphosphate fertilizer as a carrier 
showed that this formulation gave good weed 
control and less crop phytotoxicity than did spray 
applications with the same chemical and rate. 
Tolerance testing of lentils showed that among 
broadleaved weed killers cyanazine at l.Okg a.i.1 
ha gave the lowest phytotoxicity on a range of 
genotypes. 

OROBANCHE CONTROL. Both pronamide 
and glyphosate were evaluated for their control 
of Orobanche on lentils. Glyphosate applied at 
flowering at 0.16 kg a.i./ha tended to reduce 
lentil yields. Pronamide applied at 2.0kg a.i./ha 
increased lentil yields significantly, (Table 36). 
Ethyl dibromide (EDB) was used to control Oro- 
banche on lentils as a granular application (1.25 
and 2.50 mlllinear meter) and as a spray (3, 6 
and lZm/linear meter) at planting. The grain 
yield of the control was only 99 kglha because 
of severe Orobanche crenata infestation. ED6 
increased yields significantly to 342 kglha. Since 
there were no significant differences between 
concentrations and methods of ED6 application, 

the granular application at 1.25 mllm (linear) was 
the most economic and the easiest to apply. 
There was a low level of 0.aegyptiaca in the 
trial, but EDB had no apparent effect on the in- 
cidence of this species. 

Tahla 37. Mean seed yield of chickpeas in International 
Weed Contml trials at Tel Hadya (planted on three dates) 

Winter Early Spring Spr~ng 
Rate (22i11180) (812!81) (1613181) 

Treatment (kg a.i.1ha) (kgiha) (kgha) (kglha) 
Weedy check - 914 757 492 
Weedtree - 1717 827 556 
Handweeding - 870 797 485 
Chlarbromuron 1.5 966 m 659 
Chlorbromumn 2.0 1174 639 476 
Chlorbmmuron 3.0 865 571 450 
Methabenzttriazuron 2.0 1076 856 572 
Methabenzthiazumn 3.0 904 732 492 
Methabenzthiazumn 3.5 763 663 555 
Terbut~ne 2.0 1170 792 513 
~erbul&ne 3.0 943 679 458 
Terbutryne 4.0 826 521 557 
Cyanazine 0.5 1051 845 615 
Cyanazine 1 .O 1165 736 623 
Cvanazine 2.0 994 322 529 



Chickpeas On-farm Trials in Egypt 

The chickpea international weed control trial 
was planted at Tel Hadya at three dates from 
winter through spring. The yield reduction in the 
winter crop due to weeds was 46.8% compared 
to 11 5 %  in the spring planting (Table 37). Cyan- 
azine at 0.5 and 1.0kg a.i.lha and chlorbromuron 
at 1.5kg and 2.0kg a.i.lha were the most promis- 
ing herbicides. Combinations of broadleaved 
weed killers and grass killers were tested on win- 
ter planted chickpeas. The best combination was 
cyanazine at 0.5 and pronamide at 0.5kg a.i.!ha. 
Pronamide controlled cereal volunteers in chick- 
oeas as well as in lentils and faba beans. 

Nile Valley 
Faba Bean Project 

This project, supported by the International 
Fund for Agricultural Development (IFAD), started 
in 1979 in cooperation with the national programs 
in Egypt and Sudan. Its objectives are to: 

(1) Test recommended cultivars and cultural 
practices on farmers fields in Egypt and Sudan 
to evaluate both the practicality and potential 
contribution of these factors at the farm level 
and to provide feed-back to the scientists on 
areas requiring further research. 

(2) Conduct back-up research on experi- 
mental stations to improve current recommen- 
dations and to solve new problems identified 
in the on-farm trials and surveys. 

(3) Encourage a multi-disciplinary approach 
to research and to increase collaboration be- 
tween the various research organizations in 
Egypt and Sudan. 

(4) Strengthen the capacity of the national 
programs to undertake research, through train- 
ing, visits, consultancies, conferences, meet- 
ings, and literature exchange. 

(5) Provide the necessary equipment, sup- 
plies, and facilities required to meet the above 
objectives. 

On-farm trials were continued in the two dis- 
tricts of Minia Province and a further series of 
trials were conducted in Kafr El-Sheikh Province 
in the northern Delta of Egypt. Minia accounts 
for about 30% of the total faba bean production 
in the nation while Kafr el-Sheikh, although of 
less importance, is typical of the northern Delta 
region where ecological conditions are poorer 
and fungal diseases are prevalent. 

The recommended plant population gave signi- 
ficant seed yield increases (from 0.61 to 0.97 
tlha) over the farmers' practice in six out of the 
16 on farm trials in Minia. At eight other sites 
the same trend was observed, although the yield 
increases were not statistically significant. At 
recommended levels of nitrogen and phosphorus 
fertilizers, increases in seed yield were observed 
at seven sites and in straw yield at 20 sites. 
However, several farmers had applied a greater 
level of fertilizer than that recommended. 

In Kafr El-Sheikh Province, the recommended 
plant population resulted in improved seed yields 
at seven of the 14 sites. However, farmers' pop- 
ulations were generally higher than in Minia, and 
at a few sites exceeded the recommended level. 
At these sites the higher plant populations proved 
superior. 

By applying the recommended level of nitrogen 
and phosphorus, increases in seed yield ranging 
from 0.02 to 0.82 tlha were obtained at 11 of 
the 14 sites. Although foliar diseases appeared 
only late in the 1980181 season, at 11 sites there 
was a positive response to the fungicide dithane 
M45 which gave a mean seed increase of 9.6% 
compared to the unsprayed control. 

On-farm Trials in Sudan 

On-farm trials were conducted at seven sites in 
Zeidab, five in Aliab and five at Selaim schemes 
in the Northern Province of Sudan. Factors eval- 
uated included date of planting, cultivar, irrigation 
frequency, weed control, method of planting, and 
pest control. Significant treatment differences 



were obtained at Zeidab and Aliab but not at 
Selaim. A combination of all six factors at the 
recommended level resulted in a 1.21 Vha (64%) 
yield increase over the farmers' practice at Zei- 
dab and a 1.34 tiha (89.8%) increase in yield 
at Aliab. 

At both sites, increasing irrigation frequency 
was the major factor responsible for the yield 
increases while at Zeidab early and improved 
methods of planting were also important. Pest 
management contributed substantially to higher 
yields at Aliab. At all locations the recommended 
cultivar-Hudeiba 72-showed little or no superi- 
ority over the local farmer's cultivar. 

A factorial trial comparing the recommended 
sowing date, cuitivar, irrigation frequency, and 
weed control with standard farmers' practices 
was conducted at Hudeiba. Shendi, and Sham- 
bat. Across the three locations date of planting 
and irrigation frequency showed the greatest 

effects on yield with mean increases of 23.5% 
and 22.8%, respectively. The other two factors 
and all interactions were non-significant. 

Back-up research in Egypt and Sudan 

During the 1980181 season, a total of 47 trials 
in Egypt and 17 in Sudan were conducted as 
part of the "back-up" research. These included 
investigations into aspects of agronomy, genetic 
improvement, water use, nodulation, diseases, 
pests, weed control, and seed quality. In addition, 
socio-economic surveys of faba bean production 
were conducted in Minia and Kafr El-Shiekh 
Provinces in Egypt and on the Zeidab and Aliab 
schemes in Sudan. A survey ot the incidence of 
favism and the frequency of G-6PD deficiency 
was carried out in Cairo, Assiut, and Aswan. A 
consumer preference survey was conducted in 
Sudan. 
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PASTURE AND FORAGE CROPS IMPROVEMENT 

Introduction 

T his program was established to improve the supply of pasture and forage for animal pro- 
duction and so promote a rational and effective land use system. Limited land resources 

can be better utilized by the integration of livestock and crop production. This integration can 
be achieved by selecting and developing a range of multipurpose forage species for different 
climatic ecozones and encouraging pasture and fodder production on both cropping areas and 
on marginal lands. 

Continued emphasis has been placed by the during the 1 9 8 M 1  cropping season was to ob- 
program on the development of suitable pasture tain basic information on the establishment and 
and forage species. Evaluation of the annual management of forages for hay production by 
species has progressed to the stage of advanced investigating seeding rates, fertilizer applica- 
yield testing. Work has been initiated to study tion and harvesting regimes. Off-station trials in 
the hardseeded characteristics of selected Syria were conducted on farmers' fields to vali- 
annual Medicago species (medics). A limited date results, identify constraints, and to alert 
hybridization effort in Vicia sativa has been at- farmers about new practices of forage produc- 
tempted in an effort to incorporate the non-shat- tion, hay making, and pasture establishment. 
tering characteristics of pods into the more pro- Pasture species suitable for the revegetation 
ductive ecotypes. Screening of forage cereals of marginal lands were evaluated. Observations 
has continued with increased emphasis on the were continued on several grass species estab- 
appraisal of forage oats as a component in the lished in 1979. 
cerealllegume mixture for hay production. A grazing trial to investigate ways to produce 

The evaluation of pasture grasses--both and then use forageicereal mixtures suggested 
annuals and perennials--received greater atten- that i f  a high seed rate is used the mixture can 
tion than in previous years. New germplasm ma- be grazed early in the season when feed is 
&rials were studied and promising grass species scarce. Later it will still give a good yield of hay. 
rested in grazing trials for the first time. A broadscale survey of the incidence of dis- 

The main aim of the forage agronomy research eases on forage and pasture plants and in- 
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creased research efforts to identify suitable her- 
bicides for weed control constituted new and very 
important dimensions to the program of work. 
Fetilizer-Rhizobia interactions, studied on a 
number of forage species, provided valuable 
results which were useful in the selection of 
Rhizobia strains and fertilizer application prac- 
tices. 

Pasture and Forage Crop 
Improvement for Year- 
Around Food Supply 

The aim of this work is to screen, select, and 
breed productive annual pasture and forage plant 
species that will contribute to a year-around sup- 
ply of feed for livestock. 

Large areas of the countries of the West Asia 
and North Africa region are left fallow each year. 
Many of these areas could be used for annual 
pasture or for the production of high quality hay. 
Annual Medicago species, which are indigenous 
throughout the countries of the region, show 
promise for the establishment of annual self- 
regenerating pasture in a wheat-pasture rota- 
tion. Mixtures of legume and cereal crops show 
promise for high quality hay production. Within 
such mixtures the following species have excel- 
lent potential: Vicia spp., Pisum spp., Lathyrus 
spp., barley, triticale, and oats. 

The evaluation of a wide range of annual 
Medicago spp. (medics), Vicia sativa, Pisum 
sativum and Lathyrus sativus was carried out in 
obSeNati0n rows, micro-plot trials and advanced 
yield trials. New germplasm collections were first 
evaluated in single rows in a cubic lattice design. 
Selected accessions from obSeNati0n rows of 
the previous season (1979-80) were evaluated 
in replicated micro-plots (3.5m2) to measure dry 
matter production and seed yield. A cubic lattice 
design was also used for these trials. The best 
entries from micro-plots of the 197980 season 
were then grown in larger plots in advanced yield 
trials to check their performance once more. The 

medics were grown in a randomized block ex- 
periment, and Vicia sativa, Lathyrus sativus and 
Pisum sativum were all included in one lattice 
experiment. 

Annual Medicago (Medics) 

A total of 343 accessions were screened in 
0b~eNati0n nurseries and 95 accessions were 
selected from 10 of the 14 species planted 
(Table 1). Sixty-one selections were made from 
M.flgidula-a species which had shown consid- 
erable vigor and productivity during the two pre- 
vious years. Some of the accessions of three 
other species--M.turbinata, M.rotata, and 
M.noeana--also performed very well and were 
selected to broaden the variability, range of 
adaptation, and utilization. 

The determination of dry matter production and 
seed yield was carried out on 125 entries in 
microplot trials, and 23 accessions were selected 
(Table 2). Ten M.rigidula accessions have been 
noted as potential elite lines because of their 
high performance and suitable agronomic char- 
acteristics. 

To obtain a manageable number of high per- 
forming lines of medics for multiiocation testing. 
49 accessions selected from the microplots of 
1980 were tested in an advanced yield trial. A 
total of 15 lines were selected (Table 3). These 
were again all M.rigidula. Three "elite" lines 
(selection Nos. 768, 1303, and 733) were ear- 
marked as pssible cultivars, and extensive 
multiplication of the seeds of these lines should 
enable rapid and widespread multilocation 
testing. 

Seed Permeability Studies in Medics 

Many annual Medicago species (medics) ex- 
hibit a characteristic feature of regeneration from 
seeds once they are sown in pastures. Some 
genotypes have a high percentage of seeds 
which absorb water and regrow or regenerate 
vigorously from one year to the next. Others have 
a high percentage of hardseeds which do not 



Tabla 1. A summary of the evaluation of medic obrenation rows grown at Tel Hadya in the 
1980/81 season. 

Selections as % of Range ol mean 
No. No. accesions no, of accessions selection score 01 lhe 

Species accessions selected lor each species selected accessions 
Medicago rigidula 184 61 33.2 3.3-5.0 
Medicago aculeata 29 4 13.8 3.3-3.7 
Medicago truncatula 34 2 5.9 3.3-3.3 
Medicago turbinala 18 7 38.9 3.3-3.7 
Medicago mtata 43 13 30.2 3.34.0 
Medicago noeana 6 3 500 3.340 
Medicago pc$morpha 5 0 - 
Medicago rnurex 4 1 25.0 3.3 
Medicago blanchiana 4 1 25.0 3.3 
Medicago sculellala 3 1 33.3 3.3 
Medicago tinoralis 4 0 - 
Medicago mdiata 4 0 - 
Medicago caoslricta 4 2 50.0 3.3 
Medicago rugosa 1 0 0 
TOTAL 343 95 - 
Mean Selection Score of Control 3.3 (M. rigidula). 'Selection score: 1 = poor; 5 = very g w d .  

Table 2. Dry matter (DM) and seed yields of selected lines of medics from a microplot 
trial grown at Tel Hadya (1980181). 

DM yield Seed yield 
Species Selectno. (kglha) Rank %Conbal (kgha) Rank %Control 

~.&ldula 1534 9641 9 
M.rig1dula 1 W  9430 11 
M.constricla 1622 9405 12 
M.rigidula 1556 9346 13 
Mn@dula 1566 9175 16 
M.rigidula 1524 9080 17 
M.noeana 1639 8991 18 
M.rigidula 1533 8922 20 
M.rigidula 1553 871 1 22 
M.rlgidula 1562 8587 23 

LSD (0.05) 2643 
'Selection numbers 1559 to 1546 are elite lines. 



Tabla 3. Dry maltor (DM) production and reed yield in selecced lines of medics grown 
in the advamed yield trial at Tel Hadye (19WM). 

- -- p- 

DM yie!d seed yield 
Speaes Seleclno. kgiha Rank eclKmtfd kgma R;nlc %Conbol 

M.rigidula Conlrd 2978 31 100 585 35 100 
M.rigidula 768' 5125 1 172 885 2 149 
M.rigidula 13x3 4404 3 148 844 5 143 
M.rigidula 733 4123 7 138 913 1 154 
M.rigidula 71 6 3992 10 134 839 6 141 
M.rig;dula 740 3% 11 133 801 8 134 
M.rigidula 975 3717 14 125 809 7 136 
M.rigidula 976 3678 15 124 8M)  4 145 
M.rigidula 754 3290 22 110 883 3 148 
M.rigidula 734 4589 2 154 659 24 111 
M.rigidula 1310 4398 4 148 638 27 107 
M.rigidula 994 4356 5 146 691 19 116 
M.rigidula 956 4221 6 142 646 25 109 
M.rigidula 953 41 16 8 138 723 15 122 
M.rigidula 960 4021 9 135 663 28 106 
M.rigidula 1295 3851 12 132 761 10 128 

LSD (0.05) 1065 a0 
'Selection numbers 768, 1303, and 733 are elite lines. 

absorb water readily and regenerate only after 
being in the soil for about a year. Annual medics 
with a high percentage of soft seeds are ideally p 
suited for pasture establishment of marginal = 
hnds. Genotypes with a high percentage of hard i 
seed are selected for use in rotations alternating .j lo 
with cereals. 

Researchers investigated seed permeability 5 .  

characteristics of two promising medic species. 
Random samples of medic pods from 43 lines of o 

M. rigidu~a 

, - , 
Maculeata and 53 lines of M.rigidula were col- 10 20 30 40  50 60 70 80 9 0 1 0 0  

Hard rasdnrra % 
lected from experimental plots at monthly inter- 

Fig, ,, Variability of the hardsed in M, riBiduk, vals starting at the end of July 1980 to the end 
of November 1980. The pods were placed in petri 2 5 r  

dishes containing moistened filter paper and left 
in a refrigerator for 5 days at 5°C. The petri dishes 20 

were afterwards transferred to a germinator at 2 20°C. After 10 days in the germinator, the per- - 
centage of seeds not germinated was calculated $ ,, 
to determine hardseededness. Results indicate 
that there is considerable variability for seed coat 5 

permeability in both of the species investigated 
(Fig. 1 and 2). Good possibilities exist for the 
selection of desirable cultivars for both marginal 10 20 30 40  50 60 70 80 90 LOO 

Hard reednras % 

lands and for annual pastures in rotation with Fig. 2. Variabilily of the hardreed character in M. aculaam. 

-- M. .EYiIIts 

- 
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cereals. Medicago rigidula has a higher per- 
centage of genotypes with hardseed charac- 
teristic than M.aculeata. Therefore, M.aculeata 
has a higher potential for use in permanent 
pasture establishment on marginal lands. 

Vicia, Lathyrus, Pisum 

The appraisal of nursery rows was carried out 
for both Vicia sativa, and Pisum sativum in 
separate trials. A total of 109 entries of V.sativa 
and 124 entries of P.sativum were selected on 
the basis of visual estimation of dry matter and 
seed yield, as well as for other agronomic traits. 
Figures 3 and 4 show that there is a wide genetic 
variability in the germplasm of these two species. 
This variability has been fully documented for re- 
ference and future exploitation. 

Selection Score 

Fig. 3. Variability in Vicia gannplasrn observation mm. 
198W81. 

Fig. 4. Varinbility in P i s m  germplasm observation rows. 
1980181. 

Quantitative determination of both dry matter 
and seed yield in Pisurn, Vicia, and Lathyrus 
was made in microplot trials, and it was possible 
to identify some lines combining both high dry 
matter and high seed yields (Tables 4, 5, and 6). 
Except for Lathyrus spp., it would appear that 
early flowering is related to both high dry matter 
yield and high seed yield. 

Twenty-seven high performing lines selected 
from microplot trials were planted in a replicated 
trial to compare the yield data for the three spe- 
cies. Seeding rate was regulated so that a similar 
plant population was grown for each line of each 
species. Comparative yield data are given in 
Table 7. On the basis of the data obtained and 
additional information from microplot trials, three 
lines each of Pisum sp. and Vicia sativa were 
identified for more intensive evaluation and for 
seed multiplication. It is interesting to note that 
the dry matter yield of Pisum sativum was sub- 
stantially higher than the other two legumes. 
Pisum also has earlier winter growth than both 
Vicia and Lathyrus and therefore is highly suit- 
able as a legume component for a legume-forage 
cereal mixture. 

TBble 4. Dry inalter (DM) and reed yield of selected liner 
of Pisum urtivum grown in micmplot trials, at Tel Hadye 
118RnlRl\~ 

DM yield Seed yield 
Selection no. (kglha) Rank %Cantml (kgrha) Rank %Control 

455 4902 9 108 2377 1 120 
Control 4553 15 100 19BO 10 100 
280 5267 4 116 1934 13 96 
305 5037 7 111 1744 21 88 
240 4981 8 109 1866 15 94 
312 4798 10 105 1279 46 65 
306 4790 11 105 1615 25 62 
279 4705 12 103 1615 25 82 
316 4614 13 101 1830 17 92 
323 4590 14 101 1946 11 98 
274 4329 22 95 2066 6 104 
320 4274 25 94 1946 11 96 

LSD (0.05) 1197 1173 



Table 5. Dry matter (DM) and seed yield of selected 
lines of Vicia sativa grown in microplot trials at Tel 
Hadya (l980181). 

DM yleld Seed y~eld 

Access~on no. (kgiha) Rank %Conlrol (kgiha) Rank %Control 

1350 
405 
7 

1361 
71 5 
507 
2 

1386 
1314 
1319 
709 

LSD (0.05) 

Table 6. Dw matter IDMl and seed vield of selected 
lines of Lajhyrus grown in microplot trials, at Tel Hadya 
(1980181). 

Seleclion DM yield Seed yield 
no. (kgiha) Rank %Control (kgtha) Rank %Contrcl 

Control 1690 53 100 397 55 100 
435 5482 1 324 809 27 204 

447 4180 8 247 1128 9 284 
476 4029 9 238 1187 5 299 
479 3999 10 237 1223 4 308 
471 3900 1 1  231 619 40 155 
444 3795 12 225 899 17 226 

LSD (0.05) 2267 505 

Table 7. Dry matter IDMI and ranking of selected lines of Pisum sativum, Vicia sativa, 
and Lathyrus grown in the advanced yield trial 11980181). 

DM yield Seed yield 
Species Sel. no. (kglha) Rank %Control (kgiha) Rank %Conlrol 

Pisum control 5400 1 1W 2400 2 100 
Pisum 175 5144 2 95 1881 5 78 
Pisum 155 5024 3 93 2498 1 104 
Pisum 124 4730 4 88 a28 4 84 
LSD (0.05) 81 1 
Yicia control 3425 1 100 1797 1 100 
Wcia 
Wcia 
Yicia 1136 2645 4 77 1WO 5 55 
LSD (0.05) 91 1 
Lathyrus control 1348 8 100 504 8 100 
Lathyrus 384 2752 2 204 1450 3 287 
LSD IOOSI 989 

Evaluation of Vicia sativa 

The shattering of ripened pods of V.sativa 
severely restricts the use of this species as a 
legume component in forage mixtures for hay 
production. Late harvesting of the Vicia hay crop 
grown on fallow lands can cause severe "Vicia 
weed" problems in the subsequent cereal crops. 
Also, many difficulties are experienced in pro- 

ducing seeds of V.sativa because of the pod 
shattering characteristics. 

Work was initiated in 1979-80 to screen germ- 
plasm of V.sativa for non-shattering pods, and 
21 entries were tentatively identified. During the 
1980181 season, these 21 entries were studied 
in a plastic house where the intense summer 
heat was more conducive to pod shattering. 
Visual scoring of pod shattering was done using 



Selecting V. sativa for non-shanering pods. 

a scale where 0 indicated complete shattering 
and 5 indicated about 90% non-shattering. 
Scoring done toward the end of the summer 
(September 1981) revealed highly desirable non- 
shattering behavior in nine accessions which 
were given scores of 4 and 5 (Table 8). 

Table 8. Evaluation ol me pod-shattering charac- 
teristic in Vicia sativa. 

No. Accession 
of acc Score' number 

2 5 1416; 1361 
5 4 793; 1403; 1969; 1349; 7114 
6 3 1390; 1887; 1337; 1332; 719; 1383 
6 7 1878; 1771; 1856: 1886; 1336; 1306 
2 1 1357; 1439 
2 0 2541 [control) 716 

'Score: 0 = complete shattering; 5 = non-shattering. 

Two entries (Accession Nos 141 6 and 1361) 
compared very favorably in dry matter produc- 
tion with the control (No. 2541) (Table 9). Ac- 
cession 1361 may have potential of a cultivar 
since the yield is also satisfactory. Successful 
attempts were made in crossing these two non- 
shattering types with two highly productive lines 
(Accessions 2541 and 716). Seed set was ob- 
tained for a total of 142 crosses (Table 10). 

Table 9. Dry maner (DM) and seed yield of two non-skat- 
tering accessians of Vicia sative. 

nhd S d  -,., -""- 
Act. no. (kglha) %Control (kglha) % Control 

1416 4241 90.3 826 39.8 

Table 10. The number 
of pods set in Yieia 
sativa crosses at Tel 
Hadya (1980-81). 

Pod set 
Crosses (no.) 

716 x 1361 38 

TOTAL 142 

TAla  11. The dry maner 
(OM) yield of forage barley 
harvested three weeks be- 
fore heading (early cut) and 
at 50% heading (late cut). - 

DM yidd 
(kglha) 

Lines Early Late 
244 4282 6601 
213 3518 5105 

221 2924 6681 
228 2875 6083 

9995 a55 62W 
47 271 1 5953 

Loml 2566 5163 

LSD (0.05) 196 377 

Selection of Forage Cereals 

A large number of genotypes of forage barley, 
forage triticale, and oats were screened during 
the 1980/81 season with the aim of identifying 
superior lines to be grown in mixture with annual 
legumes. A total of 974 lines of barley, 1177 



lines of triticale, and 30 lines of oats were eval- 
uated. 

The yield trials were grown in a complete ran- 
domized block design with systematic control. 
The dry matter yields of forage barley and oats 
were compared with a locally grown barley known 
as Arabic Abiad in "early" and "late" cuts. The 
early cut was made two to three weeks before 
heading, and the late cut at 50% heading. In the 
trials with triticale the dry matter yield was 
measured only in one cut, corresponding to the 
late cut for barley and oats. 

Table 11 shows the dry matter yield (kglha) 
of the ten top lines of barley evaluated in the 
advanced yield trials in 6 m2 plots. In this trial 
45 lines were evaluated, eight of which signifi- 
cantly out-yielded the local barley in dry matter 
yield at both the early and the late cuts. The 
lines for which sufficient seed is available have 
been selected to be tested in mixture with vetch 
in order to screen for compatibility. 

In a preliminary yield trial (with a plot size of 
3 m"), 65 barley lines obtained from Europe were 
compared with the local barley (control). The dry 
matter yield of the top yielding lines is shown in 
Table 12. Only one line (No. 1013) yielded sig- 
nificantly more than the control in the early cut. 
and only two (Nos. 989 and 1035) yielded signi- 
ficantly more than the control in the late cut. 

In an advanced yield trial of forage triticale, 20 
lines were compared with the local barley (Table 
13). Only one (No. 246) was significantly superior 
to the control, giving a dry matter yield of more 
than 8 tlha. In a preliminary yield trial with 320 
triticale lines (Table 14), only one line produced 
significantly more than the local barley. Because 
of its very high dry matter potential, this line will 
receive much greater attention next season. 

Evaluation of the available oats cultivars was 
initiated in the 1980181 season. Results (Table 
15) show that the yield potential of this species 
appears higher than barley and triticale for en- 
vironments with an annual rainfall of 250 mm or 
more. The best oats lines will be tested in mix- 
tures with annual legumes. 

Table 12. The results of the pre- 
liminary yield trials of barleys 
from nortkwest Europe. 

Dry matter yield 
(k9W 

Belore 50% 
Lines heading heading 
1036 1686 9170 
984 2163 5630 

1035 1263 5540 
1023 1985 5339 
1013 2461 5286 
995 1991 4951 Table 14. The dry mat- 

1034 1682 4857 ter lDMl yield of the 
Local barley 1943 5070 best 10 triticale 1ia.s 
LSD (0.05) 23 1 390 and a local barley - evaluated in a prelim- 

inary yield trial. 
DM yield 

Acc. (kglha) 

945 
Teble 13. The dry mat- 332 
ter (DM) yield of for- 862 
age triticale compared 1W7 
with local barley (con- 947 
troll. 266 

DM yield 
1006 

Lines (ksiha) 310 
957 

Local barley TH5 
LSD 10.05) 320 

Local barley 7546 
LSD (0.05) 348 

Table 15. The dry mamr 
yield of forage oab hatvested 
three weeks before heading 
(early cut) and at 50% hed-  
ing (late cut). 

Dry matter yield 
(Wha) 

Lines Early M e  
34 2917 8887 
40 2911 8311 
39 2861 8103 



Perennial Forage 
Crops Development 

Research on perennial forage crops at 
ICARDA is aimed at identifying species suitable 
for: 

(1) Revegetation of marginal, non-arable 
soils. 

(2) Utilization of hill slopes which are too 
fragile an ecosystem to be used for arable 
crops. 

(3) Incorporation in long-term rotations in 
cereal growing areas on the high plateaus. 

to the region, have been confined to an evalu- 
ation of the adaptation of varieties and ecotypes 
grown under rainfed conditions. 

SUMMER DORMANCY AND WINTER RE- 
GROWTH OF PERENNIAL GRASSSES. Two 
adaptation trials were evaluated in 1981. The 
first had been established in 1979 in an aug- 
mented design and included 80 accessions of 
the 12 perennial grasses listed in Table 16. The 
main attributes scored on this material were sum- 
mer dormancy, evaluated in September 1980, 
and winter regrowth evaluated twice in January 

- 
perennial forage crops, many of which are native Perennial grasses in observation rows. 

Tabla lh Summer donnancy (measursd on Septmnber 1C16. 19801. winter ngrowth IJsnuary 12 and 28, 1981) and dry 
maner yield (December 6.1981 end in the period December 1981 to March 1 W )  of 12 species of perennial grauw. 

No of No. oi varieties .. 
varieties andor ecotypes 
andior Summer' Winla Regrowth' Drl Manel Y@M (9'm2) actively growing 

Spedes ewtypes dormancy Jan. 12. '81 Jan. 28, '81 DBC. 6, '81 Winter '811'82 by March '82 

Phalaris aquafica 9 0.8 t 0.1 2.6 i 0.3 3.9 t 0.3 0.0 205.6 _+ 27.3 9 
LoIium perenne 5 0.3 2 0.1 0.6 t 0.2 0.8 i 0.4 0.0 6.3 1 
Poa pratensis 9 1.3 i 0.3 1.1 ? 0.1 1.1 2 0.1 0.0 0.0 0 
Bmmus inermis 7 4.4 2 0.2 0.7 t 0.3 1.1 ? 0.1 0.0 0.0 0 
Festuca mdrnacea 4 3.1 _r 0.8 1.5 _i 0.5 2.3 t 0.5 0.0 14.0 = 11.1 2 . . .~ -~~ ~ . ~~~~~ 

Festuca ovina 4 2.821.2 3 . 0 ~ 0 . 8  3.5t0.9 6.9 95.5 i 20.1 4 
DacMis afa?refata 27 1.6 2 0.2 2.4 ? 0.3 3.1 i 0.3 9.1 z 2.6 91.7 i 17.7 18 
~ ~ r & ~ 6 n  cristatum 4 2.3 i 0.5 2.8 t 0.6 3.5 2 0.9 0.0 10.3 ? 6.3 2 
Agropyron libanoficwn 4 2.1 t 0.5 2.3 z 0.3 2.8 2 0.3 0.0 46.1 i 19.7 4 
Agropym dongalum 3 2.5 t 0.8 2.7 t 0.3 4.0 i 0.6 0.0 56.5 1 
Agropym desertorurn 3 1.2 ? 0.4 3.3 r 0.3 4.1 _+ 0.1 0.0 31.5 i 6.7 3 
Agnyyron intermedium 2 1.8 ? 0.3 2.0 t 1.0 3.0 i 1.0 0.0 70.2 i 38.0 0 

'Summer dormancy and winter regrowth scored 0 = no growth (dormantJ; 5 = all plants growing. 



1981. Both summer dormancy and winter re- 
growth were scored on a 0 to 5 scale where 
0 = no growth (dormant) and 5 = all plants 
actively growing during the spring of 1981. Seed 
of the more promising accessions was grown for 
multiplication. After seed hawest, plants were 
clipped 5 cm above the ground, and during the 
winter (1981182) dry matter yield was measured 
wherever herbage height reached 10 to 15 cm. 

The results of this trial are summarized in 
Table 16. The species which showed the most 
active growth after two summers were Phalaris 
aquatica, Festuca ovina, Dactylis glomerata, and 
Agropyron intermedium. Some ecotypes of 
D.Glomerata and F. ovina showed some re- 
growth at the beginning of December when ani- 
mal feed was particularly scarce. The data given 
in Table 16 also suggest that a relationship 
exists between the level of summer dormancy 
and winter regrowth. The correlation coeffi- 
cients between the two attributes (Table 17) 
show that species with a higher level of summer 
dormancy tend to have a higher winter regrowth 
but not necessarily an early regrowth. 

Table 17. Simple correlation coeficients between summer 
dormancv and winter regrowlh' of 12 species of perennial 
grasses. 

Summer dormancy 
(19W 

Winter regrowth (Jan. 12, 1981) - .79' 
Winter regrowth (Jan. 28, 1981) . 7 8 "  
Dry matter yield (Dec. 6, 1981) - .07 
Total dry matter yield (Dec. '81-March '82) -64' 
' P  6 0.05; " P  4 0.01. 
'Summer dormancy and winter regrowth scored: 0 = no 
growth (dormant); 5 = ail plants growing. 

The relationship between summer dormancy 
and winter regrowth within a species was ana- 
lysed in D.glomerata because there was a 
greater number of populations available in this 
species. As shown in Table 18, the variability 
within 0. glomerata for winter regrowth is sig- 
nificantly associated with variability in summer 
dormancy (i.e. a negative correlation). The pop- 

Table 18. Simple correlation coefficients between summer 
dormancy and wintnr regrowlh' in 27 varieties andlor eco- 
types of Dacfylis glomerata. 

Summer dormancy 
(1980) 

Winter regrowth (Jan. 12, 1981) - . 5 P  
Winter regrowth (Jan. 28, 1981) - .63" 
Dry matter yield (Dec. 6,1981) - 87%' 
Total dry matter yield (Dec. 1981March 1982) - .78" 

*'P 6 0.01. 
'Summer dormancy and winter regrowth scored: 0 = no 
growth (dormant); 5 = all plants growing. 

ulations of D.glomerata possessing higher levels 
of summer dormancy show higher dry matter 
yields early in the winter. Locally collected eco- 
types of this species were superior to varieties 
or ecotypes originating from areas with different 
climatic conditions (Table 19). Table 19 also 
shows that the adapted materials are charac- 
terized by higher levels of summer dormancy. 

ANNUAL GRASSES. A second adaptation 
trial was established in November 1980. This 
included 49 accessions of two annual grasses 
(Lolium rigidum and Bromus mollis) and 35 
perennial grasses: Phalaris aquatica, Festuca 
arundinacea, Dactylis glomerata, Erharta caly- 
cina, Phalaris arundinacea, Festuca ovina, and 
Agropyron sp. 

The plants were clipped on six occasions from 
March 11 to July 20, and summer dormancy on 
six occasions from July 4 to September 22. 
Winter production after the first summer was 
evaluated on December 5, 1981, and January 
10, February 28. and March 23, 1982. On the 
last date, survival was evaluated as the percent- 
age of plants in each plot showing active growth. 
Results of this trial (Table 20) show that the most 
productive species in the establishment year 
were Lolium rigidum (cv. Wimmera). Phalaris 
aquatica (cv. Sirosa), and Bromus mollis (cv. 
Blando). Of particular interest was the seasonal 
distribution of dry matter yield and the regrowth 
of the perennial species after the summer. 

The distribution of dry matter yield was simi- 
lar in all species. After a slow regrowth in the 



Tabla 19. Summer dormancy (measured on September 14-16, 1980). winter regrowiiI 
(January 12 and 28. 1981). dry matter (DM) yield (December 6, 1981) and total dry matter 
yield (in the period December 1981 to March 1982) o l  27 populations of D.glomerata. 

No. of DM Total 
popula- Summer Winler Regrowlh' yield DM yield 

Origin lions dormancy' Jan. 12, '81 Jan. 28, '81 (g:m2) [9:m2) 
Foreign varieties 9 2.6b 1.2b 14b O.Ob 2.lb 
Svria 12 1.la 3.0a 4.la 14.la 141.7a ~, 
Jordan 4 0.5a 3.8a 4.3a 19.2a 186.5a 
Turkey 2 25b 1 .Db 3.0ab O.Ob 5.7b 
Means followed by the same letter are not significanlly different (P s 0.05). 
'Summer dormancy and winter regrowth scored: 0 = no growth (dormant); 5 = all plants 
growing. 

Table 20. Total dry matter IDMI yield of the 
most productive species and accessions of 
forage grasses established in November 1980 
(average of 4@4l plank). 

Cultivar 
or Total 

counlry of DM yield 
Species origin (9:@ant) 

Lolium rigidum Wimmera 25.2 
phalads aouatica Sirosa 16.4 .~~ 
~ m u s  mbllis Bland0 16.3 
Phalaris aqualica Australia 14.0 
Phalads aquafica Si row 13.9 
Phalaris aquatica Seedmaster 13.0 
Festuca arundinacea Demeter 11.5 
DacV1;s glomerata Porlo 11.5 
~esluca -mnd;nacea USSR 10.0 
Festuca arundinacea USSR 9.8 

LSD (0.05) 2.0 

winter of the establishment year, the highest 
production was reached in the spring and pro- 
duction declined quickly with the end of the 
rainy season. Dry matter yield was always very 
low in summer and autumn but increased in the 
second winter after planting. Several species 
which showed some growth during the summer, 
such as D.glomerata cvs Phyllox and Potomac 
and F.arundinacea (USSR No. 14), did not show 
any regrowth in winter. Other species are able 
to produce a very limited amount of forage dur- 
ing the summer and to regrow in winter. Only 
two species-Agropyron dasystachyum and 

A.cristatum-were able to combine active growth 
in summer with early regrowth in autumn. How- 
ever, in both cases productivity was very low. 

The relationship between summer dormancy 
and survival (evaluated as a percentage of plants 
showing regrowth by the end of the 1981-82 
winter) is shown in Fig. 5 for Phalaris aquatica 
and Dactylis glomerata. Major differences 
exist within species, not only for the final level 
of summer dormancy, but also for the timing of 
summer dormancy. It also appeared that the 
level of dormancy was related to survival. Vari- 
eties of both species showing the highest levels 
of dormancy showed the lowest levels of mor- 
tality. 

GRAZING TRIALS. At the beginning of 
November 1980, a grazing trial was also estab- 
lished using a plot size of 1.2 x 40 m. The seed, 
broadcast by hand, was incorporated using a 
corrugated roller and rolled with a flat roller. 
The trial was grazed five times from March 16 
to May 31. At each grazing dry matter yield was 
assessed by the "mowing strip" method. Obser- 
vations were also made on emergence, ground 
cover and plant height. Although the first re- 
growth was observed in the third week of Oc- 
tober (1981) in Phalaris aquatica, the first win- 
ter cut was taken on January 17, 1982. This was 
followed by two cuts on March 7 and 28. 

Results of the grazing trial (Table 21) show 
that the annual grasses (Lolium rigidum and 
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Fig. 5. Summw dormanq 1% ol plants complately dvl measured a six different dater, and percentape sunivall% of plane 
showing regrowth on March 23. 1932) in Phalaris aquatica and Daclylis glomerata. 



Table n. Emergence, ground cover, total dry m e r  (DM) yield in the establishment year, and 
dry matter (DM) yield in the second winter of 18 forage grasses. 

Variitv 
or Emer- DM yield 

country gence Ground mver Total 
% 

(kgfia) 
of (days from DM yield winler 

Species origin Dec. 1.  'W ai3i81 17!4181 (kgha) 1981-82 
Loliurn rigidum Merredin 15.5 69.1 80.3 3,854 437 
Lolium riaidurn Wimmera 15.8 64.2 84.5 3.462 247 
Ldim m0m.floum Combila 14.0 66.8 82.9 3,348 - 
Ldiurn rnultiflorurn Prego 15.0 60.1 76.6 3.198 - 
Loliurn perenne Verna 28.3 Z .6  64.4 1,934 - 

Loliurn perenne Semperweide 32.5 17.3 41.6 1,601 - 
Lolium perenne Victoria 16.4 50.3 81 5 2,063 90 
Loliurn perenne Kanagarw 16.6 46.9 81.8 2,689 138 
Dactylis glomerata Currie 30.3 9.7 22.4 322 - 
Daclylis glmerata Porto 29.8 12.4 25.9 495 - 

Daclylis glornerata Turkey 26.3 24.6 48.7 722 - 
Bmus inermis Tu!tey 26.3 16.0 32.4 547 - 
Fesfuca mdinacea Demeter 24.9 20.5 46.9 1,188 - 
Phalaris aquatica Sirocco 23.8 29.4 57.7 1.108 770 
Phalaris aquatica - 26.0 22.4 47.4 992 277 
Phalaris aqualica Australia 250 28.7 54.0 277 
Phalaris aquatica Seedmaster 26.0 31.1 53.8 l'm 1,262 248 
Phalaris aquatica Sirosa 22.8 32.4 56.5 1,479 632 

LSD (0.05) 2.1 7.0 7.1 560 141 
'Origin unknown. 

b l ium mulfiflorum), as well as the two Australian 
cultivars of Lolium perenne, were characterized 
by a rapid emergence followed by good estab- 
lishment. As expected, the two annual grasses 
were the most productive species, followed by 
the two Australian cultivars of L. perenne. Pha- 
laris aquatica showed a slower establishment 
than the two annual grasses and produced about 
1 ton of dry matter. Among the other perennial 
grasses, the productivity of D. glomerata and 
8. inermis was very low, while F. arundinacea 
was comparable with Phalaris aquatica. In the 
second winter (1981182), Some species failed to 
regrow (e.g., L multiflorum) while the stand of 
others thinned out drastically. 

Both the adaptation trials and the grazing trial 
indicated that Phalaris aquatica is the most pro- 
mising perennial grass under the climatic con- 
ditions of northern Syria. 

Agronomic Studies 
The aim of the agronomy work is to identify 

factors limiting forage crop and pasture produc- 
tion and establishment, and to develop agro- 
nomic practices aimed at optimizing digestible 
dly matter yields per hectare. All trials were 
conducted at ICARDA's Tel Hadya site. 

RESPONSE OF FORAGE LEGUMES TO 
PHOSPHATE AND NITROGEN FERTILIZERS. 
Six legume lines (two Pisum sativum, one Lath- 
yrus sativus and two Vicia sativa), were evalu- 
ated for dry matter yield under increasing rates 
of P20, (0, 40, 80 and 120 kg P,O,lha) and two 
levels of nitrogen (0 and 20 kg Nlha) in a repli- 
cated factorial experiment. The legume lines 
responded differently to the phosphate treat- 



ments. The two Pisum lines (P.S. 46 and P.S. 
99) produced most dry matter at all phosphate 
levels, while Lathyrus sativus showed the least 
response. The highest increments in dry matter 
over the control as a result of phosphate fer- 
tilization were recorded with Pisum sativum 
(P.S. 46) and Lathyrus ochrus (L.O. 101) (Fig. 6). 
Application of 20 kg Nlha resulted in no signif- 
icant dry matter increase over the control in any 
of the six legume lines (Table 22). 

moo L, d 
0 40 80 120 

Fertilizer Raten (Lg P2  O2/ha) 

Fig. 6. The response of six legume lines to phosphate ex- 
pressed as a percentage dry mattsr increment compared 
to the control. 

Table 22 The effect of nitrogen on 
dry matter yield (kglhal of six selected 
legume lines. 

Legum species N rates (kgha) 
and accession numbw 0 20 
P.sativum No. 46 5W3 4913 
P.sativum No. 99 6422 6309 
L.sativus No. 208 4181 3691 
L.ochms No. 101 4661 4787 
V.sativa No. 428 3696 4072 
Vsaliva No. 423 2266 2379 

Mean 4371 4358 

EFFECT OF SEED RATE AND N FERTIL- 
IZER ON BARLEY. The possibility of maxi- 
mizing hay production using high seeding rates 
was studied in two trials using two barley lines 
grown in pure stand and in a mixture with vetch 
(Vicia sativa). Barley in pure stand was sown 
at the rates of 40, 80, 120, 160, and 200 kglha 
and nitrogen fertilizer was applied at the rates 
of 0, 30, 60, and 90 kg Niha. 

Barley in a mixture with Vicia sativa was sown 
at total seed rates of 90, 120, 150, and 180 
kgiha in such a way that the corresponding 
cereal-legume ratio in the above seed rates were 
0.5:1, 1 :1, 1 5 1 ,  and 2:l. Nitrogen fertilizer in 
the form of ammonium nitrate was applied at 
three rates (20, 40, and 60 kg Niha) either as 
a single dose at the time of sowing or in two 
equal dressings at sowing and 2% months later. 
All treatments were arranged in a randomized 
complete block design with four replications. 

No significant differences in hay production 
were recorded due to the different seeding rates 
in the range of 80 to 200 kgiha in forage barley 
grown in pure stand (Fig. 7). Nitrogen application 
significantly improved dry matter yield, but the 
increment per kg of fertilizer used decreased 
sharply with higher levels (Fig. 8). 

In the mixtures where barley was sown with 
vetch, the total dry matter yield was significantly 

40 80 120 160 200 
Seeding Rater (kg/hn) 

Fig. 7. Effect of seeding rates on hay production of barley. 



improved by increasing the seed rate (Fig. 9). 
The cereal component in the mixture appears to 
be the more important in determining the level 
of dry matter yield production. 

A single application of nitrogen gave better dry 
matter yields from the forage mixture when a low 
rate (20 kg Niha) was used. However, at high 
rates (40 and 60 kg Nlha) a better response was 
recorded when the fertilizer was applied in two 
doses (Fig. 10). It was also noted that split appli- 
cation of the nitrogen fertilizer resulted in a higher 
proportion of legume in the mixture. The legume 
proportion in forage mixtures generally de- 
creased with increased levels of applied nitrogen. 
regardless of the method of application (Table 
23). 

- 
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seeding ~ n l e s  Cereal+ Legume (kgiha) 

Fig. 9. Effect of seed rate and proportion of cereal-legume 
components (by weight1 on total dry matter production of 
barley- Qicia forage mixture. 

N Ralcr Ikgiha) N Rates tk%ihl) 

Fig. 8. Effect of nitrogen fertilizer on hay production of Fig. 10. Dry matter yield of a barley-Vicia mixture under 
barley. single Ix) and two dose (0) applications of nitrogen fer- 

tilizer. 

Table 23 Effect of nitrogen rates and method of application on the yields lkgihal and 
composition of a barleylvicia mixture. 

Split app'catmn Single application 

Fertilizer % Vicia in % Vicia in 
(kglha) Barley Vic;a Total mixture Barley Vicia Total mixture 

0 N 4489 11 12 5601 19.8 4227 1235 5462 22.6 
20 N 5259 1086 6345 17.1 5774 828 6602 12.5 
40 N 5585 1137 6722 16.9 4862 809 5671 14.2 
M) N 5357 756 6113 12.3 5182 599 5781 10.3 



Results of this experiment suggest that the use 
of high seed rates in barley-legume mixtures can 
result in higher hay production. 

PERFORMANCE OF FORAGE BARLEY 
AND TRlTlCALE IN PURE STAND AND IN 
MIXTURE WITH ANNUAL LEGUMES. Ten 
lines of forage barley and ten lines of triticale 
were evaluated for dry matter yield by growing 
them in pure stand and in mixture with four 
legumes: Vicia sativa, Vicia dasycarpa, Pisum 
sativum and Lathyrus sativus. The aim of this 
study was to test the possibility of selecting 
cereal and forage lines for their performance in 
a mixture on the basis of their forage yield in 
a pure stand. 

Two experiments were established--one for 
evaluating the barley lines and the other for tri- 
ticale. Barley was sown at 100 kgiha in pure 
stand. In the mixtures, a constant seeding rate 
of 60 kglha was used. Legumes in mixtures with 
each barley line were sown at variable seeding 
rates, ranging between 40 to 80 kgiha for P.sati- 
vum, 30 to 70 kgiha for L.sativus, 20 to 60 kg1 
ha for V.sativa, and 10 to 30 kgiha for V.dasy- 
carpa. Similarly, triticale lines were evaluated in 
pure stand and in mixtures with the four legumes, 
except that higher seeding rates of 125 kglha for 
pure stand and 70 kglha for mixtures were used. 

Lines of both forage barley and triticale which 
produced high dry matter yields in pure stand 
also did so in mixtures (Table 24 and 25). These 
results conform with those of the previous year 
when the same forage lines were used. 

PRODUCTIVITY OF ALFALFA UNDER 
RAINFED CONDITIONS IN RELATION TO 
CUTTING REGIMES. The objectives of this 
experiment were to investigate the potential of 
alfalfa under rainfed conditions and to identify 
the best management practices for maximum 
yield and crop persistence. The experiment was 
established in 1979, when five alfalfa ecotypes 
(Cyprus, Turkey, Iran, Aleppo, and Damascus) 
were sown in the main plots (20 m x 10 m) and 

four cutting heights were assigned to sub-plds. 
The experiment was sown in August 1979 under 
supplementary irrigation (10 mm) using sprink- 
lers every two weeks until the end of October 
1979. Thereafter no irrigation was applied. In 
March 1980, all plots were cut to 15 cm in height, 
then cutting height treatments were imposed on 
the sub-plots when alfalfa reached 10% flower- 
ing. Sampling was discontinued in June 1980 
and resumed for a second season in March 
1981. Two cuts were taken during each season 
in April and May. 

Close harvesting at 5 and 10 cm resulted in 
maximum total dry matter production in all eco- 
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Fig. 11. OF( m a m  yields (kglhal of five alfalfa faotypet 
clipped twice at different heights during 1981. 

types (Fig. 11). Three ecotypes (Aleppo, Cyprus, 
and Damascus) out of five were less winter dor- 
mant and therefore produced high dry matter 
yields during the first cut in March when com- 
pared with the two winter dormant ecotypes 
(Turkey and Iran). The latter produced very little 
material for harvesting, especially at 15 and 20 
cm cutting heights. However, following a second 
cut in May a much faster growth was recorded in 
the winter dormant types which were able to pro- 
duce more total dry matter yield than 'Damascus" 
in three out of four cutting treatments. 



Table 24. Dry matter yields and their rank of some barley lines gmwn in pure stand and in 
mixture with legumes. 

~adey mmp 
Barley in Total barley t cent in 

Barley pure stand legume lciage mixhlre %of 
acc, no. (kglha) Rank yidd (kgha) Rank (km) Rank total yield 

50 9899 6 7995 8 7372 8 92 
52 9164 8 9133 6 8374 7 92 
4 10501 3 10112 2 9557 2 95 
9 10047 5 9132 7 8405 6 92 
71 9751 7 9350 5 8709 5 93 
46 10234 4 9427 4 8712 4 92 
157 6377 10 6395 10 5317 10 83 
146 8981 9 7659 9 6982 9 89 
49 10558 2 10784 1 10417 1 97 
143 11W1 1 9890 3 9337 3 94 

LSD (0.05) 1969 1786 1697 

Table 25. Dr)r matter yields and their rank of some trilicale lines gmwn in pure stand 
and in mixture with legumes. 

Trilicale Trilicale 
in pure Total lrilicale amp. in % of 

Triticale stand t leaume foraae mixture total 
acc. no. (kgha) Rank y& (~iha)" Rank (kgiha) Rank yield 

332 10309 I 8725 4 7944 4 91 
314 9672 3 10225 1 9439 1 92 
739 8610 6 7997 6 7197 6 90 

287 9524 4 83M 5 7528 5 90 
685 6769 10 6352 10 5350 10 84 
680 6885 8 6839 9 5958 9 87 

LSD (0.05) 1621 1698 1644 

Marginal Land Improvement more). Introduction of perennial sfJecies is one 
of these ~ossibilities. This. however, needs the 

Marginal lands (or non-arable lands) are a 
identificion of adapted s&!cies. Therefore, the 

grossly under-utilized land resource in the 
emphasis at this stage is on improvement through 
agronomic techniques. 

lCARDA region' Decades Of Overgrazing have A replicated trial was established on November 
led to severe erosion and to a dramatic decline 
in productivity. 

17, 1980, on a very shallow and stony soil. The 
trial included the following five treatments. 

The obiective of this oroiect. now in its ore- 
liminary siages, is to evaiuaie possibilities for the (1) Control = native pasture. 
improvement of marginal lands located in the (2) Furrowing (furrows lOcm deep at 50cm 
higher rainfall areas (350 rnm annual rainfall or distance). 



(3) Furrowing + 50 kglha of nitrogen. 
(4) Furrowing + 50 kglha of P20s. 
(5) Furrowing + 50 kgiha of both nitrogen 

and P205. 

RESULTS. The plots were sampled for dry 
matter yield on May 8 and June 14, 1981. The 
results (Table 26) show that either furrowing 
alone or furrowing plus fertilizer application in- 
creased the productivity of the natural vegetation 
by 2 to 2.5 times over the control. The data indi- 
cate that at the rate of fertilizer used the bene- 
ficial effect of furrowing is far greater than the 
effect of the fertilizer. The application of both 
nitrogen and phosphate was superior to the 
application of either one of the two fertilizers 
separately. 

Table 26 Effects of furrowing and fertilizer apglica- 
tion on dry matter yield of a native pasture. 

Dry matter yield (kglha) 

Treatment 8/5/61 14/6/61 Total 
Control 269 c' 101 a 370 c 
Furrowing 566 ab 170 a 736 ab 
Furraving t N 422 bc 101 a 603 bc 
Furrowing t P20s 456 bc 145 a 601 bc 
Furrwring t N t P205 721 a 199a 920a 

'Numbers followed by the same lener do not differ sig- 
nificanuy. P s 0.05. 

Animal Husbandry in 
Relation to Development, 
Management, and Use of 
Forage Plants 

The aim of this work is to evaluate and screen 
pasture plants under grazing pressure and to 
develop management techniques for the best 
use of forage. 

Forage evaluation was carried out using graz- 
ing by sheep in addition to a simulated grazing 
technique. A sheep grazing experiment was wn- 
ducted to study the effect of grazing on plant 

recovery. A forage mixture of barley and vetch 
was used. The experiment included three sowing 
rates of local barley (40, 60 and 80 kglha), each 
sown in a mixture with three rates of Vicia sativa 
(40, 60 and 80 kgiha) in plots of size 6m x 4.2m 
in November 1980. In early February, one half 
of the experiment (representing all treatments) 
was grazed by sheep. Quadrat samples were 
taken immediately prior to the grazing treatment 
and at the end of the season in June 1981 to 
estimate the amount of forage consumed and the 
amount produced during plant recovery after 
grazing. The total forage production (dry matter) 
on grazed and ungrazed plots was compared at 
the end of the season. 

The simulated grazlng experiment included 16 
lines of forage barley and four lines of triticale 
sown in plots of size 6m x 1.4m and fertilized 
with 40 kg Niha and 40 kg P,O,lha at the time 
of sowing in November 1981. Each plot received 
one of three harvesting treatments: 

(1) One harvest at the end of the season 
(control). 

(2) One early cut plus a final hamest. 
(3) Two early cuts plus a final harvest. 

(Early cuts were made when plants were 20cm 
in height, the final harvest at crop heading.) 

RESULTS. In all grazing treatments, forage 
recovery after grazing ranged from 86% to 87% 
of total forage produced (grazed + recovery). 
There was high forage recovely after grazing 
when high seeding rates were used (Fig. 12). 
Results suggest that forage barley can be grazed 
early in the season and still produce a high 
forage yield, especially when high sowing rates 
are used. The reduction in the forage yield (30% 
to 35%) under grazing treatments compared with 
the control (no grazing) could be justified in terms 
of the 2.5 tlha green fodder (0.5 tons dry matter) 
harvested by grazing animals early in the season 
when green forage was scarce and expensive. 

The average total dry matter produced by 16 
lines of barley was 92% of the control when har- 
vested once early in the season followed by final 
harvest and 82% of the control when ha~ested 



Evaluating medics in grazing trials. 

kg/ha recovery = 3471 3639 3964 twice early in the season followed by final har- 
tg/hs grazed = 556 511 568 vest. Corresponding values for triticaie were 87% 

7000 and 76% (Table 27). 

It is interesting to note that early halvesting 
6000 treatments improved the total dry matter produc- 

m 

5000 
tion in 5 out of 16 lines of barley (Table 28). 

." 
v - 
-2 4mO 

a Germplasm Collection, 
d ,D Maintenance and Seed 

zoOu Multiplication 
1000 It is essential to manipulate and exploit broad- 

based genetic diversity to develop productive 
40 6 0  8 o pastures and forage species with cold tolerance, 

seeding ratw of earley and V& 9% (within histogram) in kglha disease, and insect resistance, and other &sir- 
0 control G C ~ Z . ~  + Recovery able agronomic characteristics. Therefore, the 

objectives of this project are to: 
Fig. 12. EHect of cereal-legume seeding rates an hay 
production following early grazing treatment. Enlarge the pasture and forage germplasm 
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collection in order to have a ready source 
of genetic variability. 
Maintain the working collection under proper 
storage conditions. 
Multiply seeds of selected and elite lines for 
more intensive evaluation. 

The germplasm base is developed by as- 
sembling germplasm through direct collection 

Tabla 27. Eflect of diflerent harvesting beatments on total 
dry mmer production of barley and biticale. 

Barley' Triticale' 

Total DM Total DM 
Harvesting production % ol production 4b ol 
treatment (kglha) mnlrol (kgha) control 

One final 7742 - 8766 - 
hawest (control) 
One early cut 7128 92 7657 87 
plus final hawest 
Twa early cuts 6383 82 6737 76 
plus final harvest 

LSD (0.05) 458 745 

'Each Value 1s an average of 72 samples for barley and 16 
samples for ir~bcale. 

Table ZB. The total dry matter produc- 
tion of 16 lines of barley under simu- 
lated grazing conditions. 

One One cut Two cuts 
final + final t final 

ACC. hawest harvest harvest 
no. (kgiha) (kglha) (kglha) 

250' 6638 6571 8885 
249 7151 8906 6951 

85 6517 6894 5648 
148 7038 5366 5850 
248 8029 6287 7186 
167 8531 7140 6114 

9' 8372 8734 7126 
'Lines where early cuning improved iofal 
DM producflon. 

and by means of exchange with other scientific 
institutions. 

In the 1980-81 season, germplasm collecting 
activities were given a low priority in preference 
to the multiplication of existing materials. Two 
short-duration collecting trips were made--one 
in Jordan, the other in Syria. A total of 91 a m s -  
sions were obtained, of which 47 were medlcs 
(mainly M.rigidula), 22 Vicia spp., and 13 grass 
species. A substantial number of new entries 
(1697) was added to the existing collection. 
These were acquired from research organiza- 
tions, forage scientists, and commercial sources. 
The total germplasm collection now stands at 
16.053 accessions. 

The screening, cleaning, and packaging of 
seeds for both medium-term and long-term stor- 
age were continued. To date, 700 entries of 
Pisum and 8,945 entries of eight other species 
have been placed in long- and medium-tern? 
storage, respectively. Considerable efforts were 
directed to the increase of germplasm acces- 
sions having limited seed quantities and to germ- 
plasm regeneration and seed multiplication 
(Table 29). 

Table 29. Summaty of germplasm increase, regeneration, 
and seed multiplication of forage crops at Tel Hadya in 
the 1980181 season. 

Germplasm Seed multiplicaliin 

No. of No. of No. of No, ol 
Genus acc. species acc. species 

Medicago 172 17 270 13 
(annual) 
Pjsum 3184 3 107 2 
Vicia 170 5 161 2 
Laihyrus 2 - 73 13 
Brassica - - 10 1 
Hordeurn 188 1 764 1 
Triticale - - 960 I 
Avena 436 5 35 1 
Medicago 23 - - - 
(Perennial) 
Onobrychis 22 - - - 
Trifoliurn 23 - - - 
Others' 67 - - - 
TOTAL 4285 31 2380 34 

- 

'Agropyron, Elymus, Hedysarum, Astragalus, Conmilla, Lotus, 
Mel~lotus. 



Off-station Activities 
Off-station testing is carried out each year in 

wliaboration with the national research program 
of the Ministry of Agriculture and Agrarian Re- 
form in Syria and at ICARDA's sub-station site 
at Terbol in Lebanon. The aim of these activi- 
ties is to compile information and gain knowledge 
on the performance and suitability of different 
forage crops identified at ICARDA's Tel Hadya 
research station. Other activities are also con- 
ducted with the aim of alerting farmers in Syria 
to the new practices of growing forage for hay 
production and the establishment of annual pas- 
tures as an integral part of crop rotation. The 
latter activities in 1981 included growing and 
managing forage crop mixtures on farmers' fields 
and demonstrations of machinery for hay making. 

Research activities were carried out in Syria 

during 1981 at three locations: Karnishly (450 
rnm average annual rainfall), Salarnieh (250 mm 
average rainfall), and Harna (400 mrn average 
rainfall). 

Triticale Evaluation 

Ten lines of forage barley and 10 of forage 
triticale were grown in pure stand and in mixture 
with four legumes (Vicia sativa, Vicia dasycarpa, 
Pisum sativum and Lathyrus sativus) at Karnishly 
and Salamieh research stations, as well as at 
?'el Hadya. The objectives, treatments, and ex- 
perimental design were the same as those de- 
scribed in the agronomic studies section for Tel 
Hadya. 

In general, the most productive bar\eys in pure 
stand were also very productive in mixtures 
(Table 30). The least productive lines (146 and 



Table 30. Rankings' of dry matter yields of some barley lines grown in pure stand and in 
mixture with legumes at three locations. 

Barley 
acc. 
no. - 
50 
52 

4 
9 

71 
46 

Tel Hadya 

Pure Mix- B.Z 
slard lure Comp. 

6 8 8 
8 6 7 

Salamieh 

Pure Mix- B.2 
stand lure Comp. 

5 3 3 
10 8 8 
6 5 5 
7 4 4 
4 6 7 
1 2 2 
9 10 10 
8 9 9 

Kamishly 

Pure Mix- 
stand lure Cornp. 

3 6 5 
4 3 7 
8 7 6 
5 5 4 
9 8 8 
2 2 2 
7 10 10 

10 9 9 
49 2 1 1 3 1 1 6 1 1 

143 1 3 3 2 7 6 1 4 3 
' I  = highest y i e w  10 = lowest yield. 
ZBariey component i n  mixture. 

157) in pure stand were consistently the least 
productive in mixtures at all three sites. The 
triticale lines behaved in a similar manner, al- 
though more genotype-environment interactions 
were observed with triticale than with barley. 

EVALUATION OF MEDICS AND SUB- 
TERRANEAN CLOVER. Four Australian medic 
cultivars (Jemalong, Cyprus, Harbinger and 
Snail) and one sub-terranean clover (Clare) were 
studied at Kamishly, Salamieh, and Hama re- 
search stations. At each location the five le- 
gumes were fertilized with 60 kg P,O,/ha in a 
randomized complete block design. Dry matter 
yield and seed production were assessed at the 
end of the season by harvesting quadrats of size 
1 rn x 1 m in each plot. 

The best crop establishment was observed for 
Snail medic at all three locations. The highest 
dry matter yield of 12 tlha was recorded at Hama 
(Fig. 13). High dry matter yields of between 7 
and 10 tiha were obtained with all medic culti- 
vars at Kamishly. Seed production was highest 
with Snail medic at Salamieh and Hama, and 
with Snail and Cyprus at Kamishly (Fig. 14). 

Results suggest that annual legumes such as 
medic cultivars, which are suitable for pasture, 
can be successfully established in many loca- 
tions in Syria. 

~ a r b i n g e r  a Clare 

Fig. 13. Dry matter yield of four Auslralian medic cultivars 
and a sub-terranean clover (Clere) grown at three sites 
in Syria 11980181). 

A preliminary evaluation of 514 lines of medic 
was carried out in 1981 at Terbol, Lebanon. The 
material was planted in single rows, 5 m in length. 
Single plant selections and row selections were 
made on these lines based on the overall plant 
performance such as establishment, vigor, dis- 
ease resistance, and seed yield (Table 31). 



fig. 14. Seed yield of four Australian medic cultivars and 
a sub-terranean clover IClarel grown at three sites in 
Syria (1980/81). 

Nitrogen Fixation 
in Forage Plants 

The effect of phosphate and nitrogen fertilizer 
application on nodulation and growth of the dif- 
ferent forage legume crops were examined during 
the 1980-81 growing season. Major objectives of 
these studies were to: 

Determine the optimum rate of phosphate 
fertilizer required for maximum nodulation 
and nitrogen fixation. 
Find out whether application of some nitro- 
gen fertilizer is necessary for maximum 
nodulation and N2-fixation. 
Identify superior strains of Rhizobium for 
low phosphate and high nitrogen conditions. 

Several rates of phosphate (0, 25, 50 and 75 kg 
P,05/ha) and nitrogen (0, 20.40 and 60 kg Niha) 
fertilizers were applied to uninoculated and in- 
oculated forage legume crops (Vicia sativa, 
V.ewi/ia, V.narbonensis, Pisum sativum, Lathy- 
rus sativus, Medicago truncatula and M.liftoraljs). 

Two highly effective strains of Rhizobium, pre- 
viously identified, were used in a separate trial 

Table 31. Summary of selections made from medic obser- 
vation rows grown at Terbol, Lebanon ( 1 W 1 ) .  

Selec- No. ol 
No. of tims single 

Species! No. 01 a x .  as % of plants 
cunivar lines selected acc. selected 

M. ngidula 170 52 30.5 17 
M. aculeala 15 12 BO 4 
M. truncafula 83 24 28.9 12 
M. littoralis 24 6 25 8 
M. noeaoa 6 3 50 - 

M. blancheana 3 3 1W - 
M. rotata 32 T2 68.7 - 

M, turbinata 22 8 36.3 3 
M.polymorpha 81 8 9.8 2 
M ,  minima 11 - - 
M, constncta 15 - 2 
M, tornata 16 - - 

M. preacox 5 - - 

M. coronata 6 - - 
M, scutellata 3 2 66.6 - 
M, radiata 2 - - 

M, murex 3 - - 
M, lacciniata 2 - - 

M. discifomis 4 - - 
M. rugosa 1 - - 
Circle Valley 1 - - 

Serena 1 - - 
Sapo 1 - - 
Sair 1 - - 
M. species 6 - - 

TOTAL = 25 514 140 48 

for each crop. Nodulation was monitored at the 
early vegetative and flowering stages. Forage 
yield was recorded at maturity. 

RESPONSE. The different forage legume 
species varied in their response to both phos- 
phate and nitrogen fertilizer application. In gen- 
eral, phosphate fertilizer application increased 
both nodulation and forage production whether 
the crops were inoculated or not. All the forage 
species, except Pisum spp., produced maximum 
nodule mass and forage dry matter at 50 kg 
P,05/ha. The inoculated plants had higher nod- 
ule mass and forage dry matter than the unin- 
oculated plants in the different phosphate treat- 
ments. These differences were greater at lower 



levels of phosphate treatment, i.e. 0 and 25 kg 
P20,1ha. 

With increases in the amounts of nitrogen fer- 
tilizer applied, nodule weight gradually de- 
creased whether the plants were inoculated or 
not. In the absence of artificial inoculation, most 
of the forage crops responsed positively to added 
nitrogen fertilizer in terms of forage dry matter 
production. Addition of nitrogen fertilizer had 
little influence on the inoculated crop, i.e. the 
plants with inoculation alone produced similar 
forage dry matter to the plants receiving inoculum 
as well as 60 kg Nlha. It was also possible to 
identify some strains of Rhizobium which would 
produce better nodulation in different forage 
crops under low phosphate and high nitrogen re- 
gimes. 

Because in phosphate deficient soils mycor- 
rhizae can play an important role in phosphate 
nutrition of different forage legume crops (espe- 
cially in enhancing symbiotic N,-fixation), studies 
were initiated to examine the association be- 
tween the native mycorrhizal fungi and the dif- 
ferent forage legume crops. Mycorrhizal develop- 
ment in the roots was monitored by staining with 
trypan blue in lactophenol at the early vegetative 
and at early pod filling stages. It was observed 
that most of the forage crops were highly mycor- 
rhizai, especially Lathyrus and Vicia species. 
The results also gave a strong indication that 
phosphate fertilizer application to the different 
forage legume crops could be economic, even at 
low rates of application. 

Disease Resistance 
and Tolerance 

Pathology research activities started late in 
the 198&81 season and were intended primarily 
to monitor the disease situation in Syria and in 
other countries of ICARDA's region and to screen 
available breeding material for disease tolerance, 
or resistance. Research work in 1981 focused 
on the disease of these crops: peas (Pisum 
spp.), alfalfa (Medicago sativa), annual medics 

(Medicago spp.), sainfoin (Onobrychis spp.), 
rough pea (Lathyrus spp.), vetch (Vicia spp.). 
and clover (Trifolium spp.). 

DIAGNOSIS AND IDENTIFICATION. A field 
and laboratory study was conducted during the 
period April 13 to August 30, 1981, to idenftfy 
diseases of forage crops and their occurrence to 
determine disease prevalence and severity and 
to evaluate breeding material. Foliage diseases 
were tentatively diagnosed in the field and spec- 
imens of diseased plants were brought into the 
laboratory for further diagnosis and identification 
of the causal agent. For soil borne diseases 
(collar rot, root rot, wilt) only plants showing 
above ground disease symptoms were diag- 
nosed. Identification of the viral and bacterhl 
diseases was done mainly on disease symp- 
toms. 

Prevalence (incidence) of a disease in a field, 
expressed as a percentage, was calculated from 
the number of accessions checked and the 
numbers attacked. Disease severity of each ac- 
cession was estimated according to a severity 
scale and a disease index for all accessions in 
a field was calculated. The severity scale was 
expressed on a scale from 1 to 4: 

1 = Disease initial on few scattered plants. 
2 = Moderate disease severity; disease pre- 

sent on scattered plants. 
3 = Disease severe; disease present on a 

majority of plants. 
4 = Disease very severe; disease present on 

a majority of plants causing apparent 
damage. 

LOCATIONS SURVEYED. Results obtained 
from this study are summarized in Tables 32 and 
33. The diseases are ranked according to their 
occurrence in the different locations Surveyed 
(Table 33). Studies on their prevalence and se- 
verity are in progress. 

Peas grown in the locations surveyed were 
attacked by Ascochyta diseases, root rot, pow- 
dery mildew, viruses, bacterial stem lesion, and 
rust. Diseases found on alfalfa and medics were 
the spring black stem and leaf spot, common 



Table JZ. Obsefved diseases on forage legulne crops ranked in ordef d occurrence at Tel Hadya. 
Lanakia. Jableh. Hama. and Salamieh in Syria (April 1Mune  3. 1981). 

peas Alfalla Medics Sainfoin Rough Pea Vetch Clover 

Ascochyta spring BSS Stemphyfium PM DM Ascochyla CLS 
CLS CLS N S ~  

Root rot PM spring BSS N S ~  AscochyIa PM 
wilt PM 

DM 
PM DM wilt root rot PM DM 

Viruses mllar rot Ascochyta mllar rot mllar rot Slemphylium 
bac, lesion Ascochyta N S ~  mot rot rod rot 

collar rot collar rot 
root rot 

Rust Stemphylium anlhracnose Stemphylium scl. blight 
DM Asccchyta wilt 

viruses 
NSt 

anlhracnose anthracnose viruses 
summer BSS Ascochyta 

Ascochyta: Ascochyta blighf andlor leaf spot DM: Downy mildew. 
PM: Powdery mifdew. Summer BSS: Summer black stem and leaf spot. 
Spring BSS: Spring black stem and leaf spot. Sci. blight: Sclerotinia blight. 
CLS: Common leaf spot. 

Tsble 31. Classification of breeding material according to its suscepti- 
bility to diseases' in the 1980-91 season. 

Number of Genotypes (and%) 

Attacked Attacked 
Iksease- by one by several 

C ~ W  Source free disease diseases Total 

Peas Germplasm 2475 904 272 3651 
nursery (67.8%) (24.8%) (7.4%) (lWO) 
Nursery 35 457 84 576 

(61%) (79.3%) H4.6%) (100%) , , 
Micmplots 10 22 28 a' 

(16.7%) (36.7%) (46.7%) (100%) 
Alfalfa Nurseries 110 306 136 552 

(19.9'1~1.1 (55.4%) (24.6%) (100%) 
Microplots 3 ' - 24 27 - 

Medics Germplasm 5 
nurse? - 
Microplots 18 

(9.040) 
Sainloin Nursery 129 

(22.3%) 
Rough pea Microplots 1 I 

(18.3%) 
Vetch Germplasm 9 

nurselv - 
~icro$ots - 27 - (42.9 

'Orobanche not included. 



leaf spot, Stemphylium leaf spot, wilt, powdery 
mildew, downy mildew, collar rot, root rot, Asco- 
chyta leaf spot, viruses, summer black stem, 
leaf spot, and rust. Pathogens causing serious 
diseases on alfalfa and medics, which were iso- 
lated from plant specimens in the laboratory but 
not evaluated in the field, were Colletotrichum 
spp (causal agent of anthracnose) and Sclerotium 
rolfsii (causal agent of collar rot and root rot). 

Diseases of sainfoin found in the Surveyed lo- 
cations were: powdery mildew, rust, root rot, 
collar rot. Stemphylium leaf spot, wilt, anthrac- 
nose, and Ascochyta leaf spot. Diseases found 
on rough peas in the surveyed locations were: 
downy mildew, Ascochyta leaf spot, powdery 
mildew, collar rot, and root rot. Vetch species 
in the su~eyed  locations were attacked by As- 
cochyta diseases, powdery mildew, downy mil- 
dew, Stemphylium leaf spot, root rot, collar rot, 
viruses, and stem blight (Sclerotinia scleroti- 
orum). Diseases of clover were common leaf 
spot and rust. The flowering parasitic plant, Oro- 
banche spp., was found on peas, medics, rough 
pea, and vetch in the surveyed locations, Cus- 
cuta spp. was found to attack alfalfa and medics. 

Preliminary evaluation of the breeding material 
in germplasm nurseries, nurseries, and micro- 
plots was done at Tel Hadya. It was classified 
into three categories: disease-free genotypes, 
genotypes attacked by one disease, and geno- 
types atacked by several diseases (Table 33). 

The 1980181 survey helped to clarify the dis- 
ease situation of legume forage crops in Syria. 
It will be continued for another growing season 
and in other countries of the ICARDA region to 
complete the picture of the disease situation and 
to identify locations with heavy disease pressure 
("hot spot" locations) and areas which are rela- 
tively disease-free for future forage crop seed 
production. 

Ranking the diseases according to their fre- 
quency of occurrence in the different locations 
does not highlight their economic importance. 
Some diseases occurring even in only one ioca- 
tion may cause total damage to the crop. (For 
example, anthracnose and stem blight.) 

Herbicide Screening 
and Weed Control 

Weeds pose a serious problem for pasture 
establishment both on marginal lands and in 
cropping zones. The prolific weed growth in 
fields previously planted with fertilized cereal 
crops needs to be carefully managed to ensure 
the establishment of a productive medic pasture. 
Control of weeds is also a necessary requirement 
in pasture seed production fields. 

Twenty-four chemicals were tested to study 
their selectivity on the establishment of five se- 
lected pasture and forage species: Medicago 
truncatula, Pisum sativum, Vicia sativa, Lathyrm 
sativus, and Tritolium resupinaturn. Three of 
these chemicals were incorporated into the soil 
before planting (PPI), 14 were pre-emergence 
types (Pre.) and seven were used as post- 
emergence applications (Post). Visual obser- 
vations were made to study the sensitivity of the 
five species to the herbicides and assess the 
effects on five important species of weeds. 

Results of these studies are shown in Tables 
34 and 35. The species tested were not affected 
by or were highly tolerant to many of the herbi- 
cides applied (Table 34). However, many of the 
herbicides which did not affect the legume crop 
did not control all the important weeds (Table 
35). 

The pasture or forage legume sown, the 
dominant weed species present, and certain 
edaphic and other environmental conditions are 
all factors which influence the choice of herbi- 
cide or combination of herbicides that should be 
used. Research is being continued to further 
determine the most suitable herbicide for a given 
situation. 



Table 34. Sunnnary of Ute effect of 26 herbicides on six species of forage crops. 
Rate Applic. Pisum LathyNs Medicago Tnfdlum Wcia 

Hebidde (kg ailha) dale sativum satiws W a M a  ~ n a t u m  SatiYa 
Epmlarn 
Benfluialin 
Trifhralin 
Chlorbrormmn 
whatmu 
Pmnamii 
Pmnamd 
MBtnbuzin 
Cyai?azine 
DlchblopM 
Melolahlor 
Cartolluorten 
Prometryne 
Tewlryne 
Fhorodifen 
Metoxumn 
Metoxuron 
P m a l i n  
OxyRuorfen 
Simarine 
MCPB 
D i m s b a  
Bentazca 
W n  
Diddw-M 

PPi 
PPi 
PPi 
Pre 
Pre 
Pre 
Pfe 
Pie 
Pre 
Pre 
Pre 
Pre 
me 
FTe 
Pre 
Pre 
Pre 
Pre 
Pre 
Post 
Pml 
Pmt 
Pm( 
Pod 
Posl 

PW' 1.5 Posl t t t t t 

+ No dameoe on the c m .  . . . . - .- . . . . . . . . . . 
( + I  Slioht damaoe 1~1601 

Table 35. Effect of 18 promising herbicides on five weed species estimated according to 
the EWRC' scoring system. 

WBBd SpBdeS 
Rate FekloF Snapis Pheleris Gdm Papaver Vaccaia 

W d e  (kg sib) arvensis spp, m e  spp. pyramidata 

m m  3.0 G 9 1 9 9 9 
Chlolbmmumn 1.0 B 1 9 5 - - 
Mehaben2 2.0 B t G  1 Q 9 - - 
R m i d  0.5 G 9 1 9 9 9 
~mnami i  0.25 G 9 1 9 9 9 
W i n  0.2 G t B  1 9 9 - - - 1.0 B 2 9 9 9 9 
-m 1.0 G 9 1 9 9 9 
cabon- I .o B 1 4 5 9 9 
RMnebyne 1.5 B 4 8 9 6 - 
TerbutFFe 1.5 B 4 - B - 9 
R l ~ d t m  1.5 G t B  1 2 1 9 9 
Metmurm 0.5 G 9 8 9 9 9 
Simazh 0.1 B t G  6 8 9 7 - 
Oim0ba 1.0 B 1 9 1 1 9 
&uaa\ 0.5 B 2 9 1 9 - 
Barban 1 .O B t G  8 5 9 - 9 
PPWg 1.5 G 9 1 9 9 - 
'EWRC: Ewopean Wsed Research Council; 1 = 100% mnhol; 9 = 0% oontrm. 
'Fwd of activirf: G = Gresses; 8 8madleaf we6irs. 
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TRAINING AND COMMUNICATIONS 

Training 
urlng the year, 43 agricultural research workers from various national programs In devel- D oping ' countries completed training at ICARDA. Practical, as well as theoretical training, 

was provided in a wide range of subjects. 

FOOD LEGUME. Training at Aleppo was 
given to six research fellows from Ethiopia, 
China, Syria, Chile. and India during 1981. They 
visited the center for periods ranging from three 
weeks to nine months, worked jointly with the 
legume scientists, conducted research, and be- 
came familiar with the various ICARDA activities. 
The training was aimed at improving the techni- 
cal skills of these research workers and building 
links between them and the ICARDA scientists. 

As part of the food legume training efforts, an 
in-country training course was held in January 
1981 at the Hudeiba Research Station in north- 
ern Sudan. This was a part of the ICARDAIIFAD 
Nile Vallev Faba Bean Proiect. The three-week 
course was attented by 14.technicians from the me Training Rogram involves practical field inmclion 
national food legume programs in Egypt and as well as classroom lectures and laboratory work. 
Sudan. Field oriented instruction, which dom- 
inated the course, was given by Egyptian and 
Sudanese scientists. This was complemented by played only a catalytic role through the coordi- 
background classroom lectures whenever re- nation of activities and the supply of educational 
quired. ICARDA scientists and training staff materials. It was run with the close involvement 



Trainees with an ICARDA cereals training officer (right) in an experimental field. 

of training staff from the Agricultural Research 
Corporation in Sudan. 

FORAGE. Three trainees from Syria and 
Morocco participated in forage training during 
1981. These trainees worked with the forage sci- 
entists in conducting research with the aim of 
building links and improving technical skills. 

CEREALS. The major training activity in 
cereals improvement was the six-month resi- 
dental course which covered the period from 
February until the end of July. Trainees from 
seven countries in the ICARDA region partici- 
pated in this course. It was mainly field-oriented, 
emphasizing breeding as well as agronomic re- 
search techniques. As part of the field training, 
each participant was assigned the responsibility 
of conducting a special research experiment. 
Projects involved simple field experimentation 

and included the planning, layout, note taking. 
and writing of reports. In addition to field train- 
ing, theoretical lectures were given as back- 
ground. Seminars and visits to on-farm research 
and farmers' fields were emphasized during the 
course. 

RESEARCH FELLOWS AND SCHOLARS. 
Two research fellows from Pakistan and Tunisia 
visited the Tel Hadya research station and 
worked closely with the cereal improvement staff. 
They undertook research training in high altitude 
research and grain quality. 

The relationship between ICARDA and many 
universities in the region and Europe was 
strengthened in 1981. Five research fellows 
(Ph.D. candidates) and two research scholars 
(M.Sc, candidates) joined the cereals, food 
legumes, and farming systems reseach pro- 
grams. The relationship with the University of 
Aleppo remains unique among these activities. 



A food legume research fellow from Chile crosses lentils. 

A total of five M.Sc. students from this Uni- 
versity undertook their thesis research at ICARDA 
during the year. 

Library, Information, and 
Documentation 

Documentation and library activities expanded 
during 1981 to meet scientists' needs within 
ICARDA and to act as a base for exchange and 
distribution of information within the region. This 
expansion was due in large measure to the pro- 
vision of a special grant from IDRC to support 
a project on the development of library and 

information1documentation services, particularly 
FABlS (Faba Bean lnformation Service) and 
LENS (Lentil Experimental News Service). The 
latter was formerly published by the University 
of Saskatchewan which will continue to provide 
important inputs to the service. A senior infor- 
mation scientist was appointed to head the proj- 
ect. 

Funds are also provided under this project for 
training, equipment, the production of bibliog- 
raphies and other literature, and a reprint ser- 
vice. Production and distribution costs of the 
FABlS and LENS newsletters are also cover@. 

PUBLISHING RESEARCH REQUESTS IN 
FABIS. The aim of the FABlS service is to 
provide a medium (the FABlS Newsletter) for the 
fast publishing of research results and to foster 
contacts among researchers. It also encourages 
publishing activities by scientists from develop- 
ing countries. FABlS Newsletter No. 3 was pub- 
lished and sent to 724 researchers at more than 
300 institutes in 61 countries. A special FABlS 
publication, "Genetic Variation in Vicia faba," 
lists and indicates the origin of known genetic 
variation within the species. As part of FABIS, 
the Commonwealth Agricultural Bureau (CAB) in 
the United Kingdom has produced four issues of 
the journal, "Faba Bean Abstracts." They were 
distributed free of charge to the FABlS partici- 
pants in the ICARDA region of West Asia and 
North Africa. The first issue of "Lentil Abstracts" 
was also published during the year. 

EXCHANGE OF INFORMATION. Links were 
established with the International Information 
System for the Agricultural Sciences and Tech- 
nology (AGRIS) in Vienna and Rome for ICARDA 
to become an input center for its publications. 
As part of an exchange of information with na- 
tional programs, a documentalist from ICARDA 
visited Egypt in June 1981 to collect research 
papers and other documents dealing with faba 
beans. This was sponsored by ICARDNIFAD 
Nile Valley Project on Faba Beans. The staff 
collected 191 documents for abstracting and 



publication by CAB as the Nile Valley Faba Bean 
Abstracts. 

The Legumes Information meeting in Washing- 
ton was attended by a senior staff member who 
presented a paper on ICARDA's information 
activities. At this meeting it was agreed that 
ICARDA would be responsible, among the lnter- 
national Centers, for collecting, storing and pro- 
viding information on faba beans and lentils. 

INCREASED LIBRARY USE. ICARDA's li- 
brary added a substantial number of books and 
journals to its collection, and scientists made 
increased use of the facilities during the year. 
Participants in training courses also made regu- 
lar use of the library. In response to a request 
by the Syrian national research program, a li- 
brarian was trained in book selection, classifi- 
cation, and cataloguing at Damascus. To keep 
the scientists within ICARDA well informed of the 
latest publications, photocopies of contents 
pages of all new journals and books received by 
the library were circulated. 

Rosearch information is published in a variely of publica- 
tions lor distribution in the ICARDA region and worldwide 
and for internal staff usns. 

Conferences and 
Workshops 

JOINT INTERNATIONAL CONFERENCE. 
The ICARDNIFAD Nile Valley Project on Faba 
Beans and the Egyptian Government jointly 
sponsored "The International Faba Bean Confer- 
ence" in Cairo, Egypt, from March 1 to March 11, 
1981. The conference was attended by 136 sci- 
entists from 16 nations, as well as scientists from 
ICARDA and other international organizations. 
The primary objective of the conference was to 
focus on the problems of irrigated faba beans in 
the Nile valley of Egypt and northern Sudan. All 
presentations and discussions were geared to 
having practical relevance to research on in- 
creasing the productivity and Yood value of faba 
beans in the Nile Valley. 

Participants at the conference made recom- 
mendations which stressed the need for in- 
creased international cooperation between all 
faba bean scientists. Other recommendations 
covered various aspects of faba beans improve- 
ment such as breeding, agronomy, weed control, 
pathology, nutrition, and pests. 

FABA BEAN BOOK PUBLISHED. An au- 
thoritative reference book entitled, "Faba Bean 
Improvement," based on papers presented at the 
international conference, will be published by the 
Martinus Nijhoff Publishing Company in the 
Netherlands. This book focuses on genetic im- 
provement, the development of cultural prac- 
tices, control of pests, diseases and weeds. 
nitrogen fixation and the use of faba beans as 
a human food. The proceedings of the confer- 
ence will be published by ICARDA to comple- 
ment the "Faba Bean Improvement" book through 
compiling national program reports, Nile Valley 
Project reports, discussions on the research 
papers presented at the conference, and details 
of the recommendations adopted by the con- 
ference. 

SEED SYMPOSIUM. The "Key Figures Sym- 
posium on Seed Production," sponsored by the 



Government of the Netherlands, was held at 
Aleppo, Syria, from March 23 to March 25, 1981. 
It was attended by more than 30 participants, 
including specialists from 16 developing coun- 
tries in the ICARDA region. This symposium was 
planned to appraise the local needs for seed 
industries, examine the technological constraints 
which limit the development of such industries 
and make recommendations to improve the sit- 
uation. 

Recommendations made by the participants 
covered various aspects of seed production such 
as cuitivar testing and evaluation, production of 
breeder's and foundation seed, quality control, 
and crop certification. Proceedings of this sym- 
posium will be published by ICARDA. 

CHICKPEA WORKSHOP. From May 4-7, a 
workshop was held at Aleppo to focus attention 
on the control of Ascochyta blight in chickpeas 
and the advantages of winter sowing the crop. 
Thirty-nine participants from 9 countries attended 
this workshop jointly sponsored by ICARDA and 
ICRISAT. Participants recommended that inves- 
tigations should be intensified into the possible 
existence of physiologic races of Ascochyta 
rabiei (Pass) Lab, and into the epidemiology of 
the disease. Other recommendations included: 

establishment of screening facilities by ICARDA 
and ICRISAT at four to six key centers; inves- 
tigation of agronomic variables in different agro- 
climatic situations; monitoring of disease and 
pest complexes; breeding for frost tolerance; and 
running of simple on-farm demonstrations which 
involve the farmer and extension services. Pro- 
ceedings of the workshop are being prepared at 
ICARDA. 

CROP PRODUCTION CONFERENCES. This 
conference, sponsored by ICARDA, was held in 
Chtaura, Lebanon, from December 1C-12. Sixty 
participants from different Lebanese institu- 
tions, ICARDA, FAO, and national embassies 
attended. The aim of the conference was to 
identify production constraints and formulate w l -  
laborative research programs that could be im- 
plemented jointly by Lebanese and international 
institutions, especially ICARDA. Major recom- 
mendations made by the conference participants 
included: construction of a Genetic Resources 
Laboratory; survey of the socio-economic situa- 
tion of Lebanese dryland farmers in the Bega's 
valley; research on soil fertility; on-farm trials; 
forage germplasm acquisition and development; 
mechanizaiton of the harvest of legumes; and 
the training of research workers. 



LIST OF PUBLICATIONS 

FARMING SYSTEMS 
GENERAL 

Jauberl, R. 1981. "Analysis of a traditional agricultural system-Salme in Nepal." PhD Thesis, lnstitut National 
de la Recherche Agronomique, (Fac. Sci. Econ. Gestion), 250 pp. (French). 
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World." Proceedings of the International Congress of Dryland Farming, Adelaide. 
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SOIL, WATER, AND NUTRIENTS 

Cooper, P., Allan, A.. Harmsen, K., Keatinge, D., Nygaard, D., Saxena, M., Islam. R. 1981. 'Soil water and 
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LIVESTOCK FARMING 
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CEREALS 

WHEAT, BARLEY, AND GENERAL 

Ahmed, S. 1981. "Movement and management of the germplasm in the Cereals Program of ICARDA." ICARDA 
Training Paper, 19 pp. 
Ahmed, S. 1981. "Practices in wheat and barley breeding." ICARDA Training Paper, 21 pp. 
Ahmed, S. 8 Walker. P. 1981 ."Analysis of repeated experiments." (combined analysis). ICARDA Training Paper, 
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Maalouf, G., Rubeiz, N., Russell, W.J. 1981. "On-farm demonstrations to introduce improved cereal production 
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Mekni, M.S., 1981. "Barley improvement at ICARDA: objectives and achievements." Paperpresented at the FA01 
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Williams, P.C.. Thompson, B.N., Wetzel, D.L., McLay. G. and Loewen, D. 1981. "Application of Near-Infrared 
reflectance spectroscopy to flour mill quality control" Cereal Foods World, 26(5), pp. 234-237. 
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Gilani, M.M. and Whitcombe, J.R. 1981. "Ordination of wheat and barley on a Himalayan centre of diversity." 
Pakistan Journal of Agricultural Research, (2). pp. 92-96. 
Rifaie, R., Bourgois, J.J. and Witcombe. J.R. 1981. "Aegilops and wild wheat in Syria." Plant Genetic Resources 
Newsletter, FAD, No. 45, pp. 2-7. 

FOOD LEGUMES 
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CHICKPEAS 
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Reddy, M.V., Singh, K.B., Nene, Y.L. 1981. "Screening techniques for Ascochyta blight of chickpea." Workshop 
on Ascochyta blight and winter sowing of chickpeas, ICARDA, Aleppo, Syria, May. 
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