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About ICARDA 

Established in 1977, the International Center for Agricultural Research in the Dry Areas 
(ICARDA) is governed by an independent Board of Trustees. Based at Aleppo, Syria, it 
is one of 18 centers supported by the Consultative Group on International Agricultural 
Research (CGIAR), which isan international group of representatives of donor agencies, 
eminent agricultural scientists, and institutional administrators from developed and 
developing countries who guide and support its work. 

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

ICARDA's mission is to meet the challenge posed by a harsh, stressful and variable 
environment in which the productivity of winter rainfed agricultural systems must be 
increased to higher sustainable levels; in which soil degradation must be arrested and 
possibly reversed, and in which the quality of the environment necds to be assured. 
ICARDA meets this challcnge through research, training and dissemination of informa
tion in a mature partnership with the national agricultural research and development 
systems. 

The Center has aworld responsibility for the improvement ofbarley, lentil, and faba 
beait, and a regional responsibility in West Asia and North Africa for the improvement of 
wheat, chickpea, forage and pasture-with emphasis on rangeland improvement and 
small ruminant management and nutrition-and of the farming systems associated with 
these crops. 

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

The results of research are transferred through ICARDA's cooperation with na
tional and regional research institutions, with universities and ministries of agriculture, 
and through the technical assistance and training that the Center provides. A range of 
training programs is offered extending from residential courses for groups to advanced 
research opportunities for individuals. These efforts are supported by seminars, publica
tions, and specialized information services. 
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This report was written and compiled by program scientists and 
represents a working document of ICARDA. Its primary objective is to 
communicate the season's research results quickly to fellow scientists, 
particularly those within West Asia and North Africa, with whom 
ICARDA has close collaboration. Owing to the tight production
deadlines, editing of the report was kept to a minimum. 



Preface 

Sustainable increases in the prodictivity of rainfed farming 
systems in the West Asia and North Africa (NA) region require judicious 
incorporation of cool-season food and feed legumes in the cereal 
dominated cropping comn in the region. This necessitates development 
of legume cultivars that are not only high yielding but are also able to 
withstand the predation and parasitism by insect pests and diseases and 
tolerate the stresses of drought, heat and cold The diverse cropping 
systems in which they have to be incorporated in different agroecological 
zones in WANA, and other parts of the developing world, impose specific 
demands on the phenology and the adaptation to environments in the 
cultivars to be developed. The objective of the Legume Program at ICARDA 
is to develop a range of cool-season legume cultivars of different 
species, adapted to specific niches in the cropping systems, through 
cooperative research ,ith national programs. The species covered include 
vetches and chicklings (grasspea) amongst the annual forage legumes and 
kabuli chickpea, lentil, faba bean and dry pea among the food legumes. 
Research on kabuli chickpea is partly supported and jointly done with 
ICRISAT. Research on faba bean improvement is done only through the 
national programs participating in the faba bean research networks 
operating in CiIna, Nile Valley and North Africa. 

Results of the work done during the 1992/93 season on the above 
mentioned food and feed legumes are presented in this volume. Also, the 
training and networking activities and the publications of the Program
have been listed. Much of the work reported here has been conducted in 
collaboration with our colleagues in the national programs in WANA, to 
whom we are indebted.
 

Following the recommenation of the third Ecternal Program Review 
of ICARDA, endorsed by the ICARDA Board of Trstees, the 'Legume Program' 
and the 'Cereal Program' at ICARDA were merged, effective November 1993, 
to form a single 'Gernplasm Program'. Therefore, this is the last time 
that a 'Legume Program' annual report has been prepared. In future, the 
report on cool-season legume research at ICARDA will be brought out as 
a part of the combined Germplasm Program Report. 

M.C. Saxea 
Leader, 
Genrplasm Program 

May 1994 
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1. INIRODUM'ICI 

1.1. General
 

Research and training activities during the 1992/93 season were continued 
with the aim to encourage and support national efforts in the West Asia 
and North Africa (WANA) region, and other developing countries with 
similar ecologies, in improving the productivity and yield stability of 
cool-season food and feed legumes and enhance their role in increasing, 
in a sustainable manner, the productivity of cereal-based, rainfed 
farming systems. Research and training were conducted jointly with 
scientists from other ICARDA programs as well as with those from the 
national programs in a multidisciplinary team approach. Work on kahkili 
chickpea was conducted jointly with ICRISAT. Collaboration with relevant 
institutions in several industrialized countries on basic research 
continued. 

During the season several staff movements occurred. The Senior 
Microbiologist left the Program to join CIAT, Cali, columbia in 1993. 
The Principal chickpea Breeder returned from sabbatic leave in September 
1993. The post-doctoral fellows/visiting scientists in lentil breeding, 
forage legume breeding, Orobanche control, and crop physiology left the 
program after completing their respective term appointments. The Senior 
Entomologist rejoined the Program after maternity leave only to work on 
half-time basis. The Legume Scientist in North Africa moved away from 
Morocco to take up the responsibilities of coordinating highland research 
program being done in collaboration with Turkey. 

Research work was mainly centered at Tel Hadya site of ICARDA, but 
good use was also made of other testing sites in Syria (Breda and 
Jinderess) and Lebanon (Kfardan and Terbol). Generation advancement of 
lentil and kabuli chickpea was dcne at Terbel. Research sites of several 
national programs were used, jointly with the national scientists, for 
research on developing breeding material with specific resistance to some 
key biotic and abiotic stresses because of the presence of ideal 
screening conditions there. 

1.2. Weather Conditions 

The weather conditions during the season at Breda, Tel Hadya, Jinderess 
and Terbol are depicted in Section 11. The long-term average 
precipitation at these sites is 280, 350, 470 and 600 m respectively.
 
During the 1992/93 season, the total seasonal precipitation received fran 
Sept 1992 to June 1993 was 283, 277, 402 and 664 nm, respectively. For
 
the third consecutive year rainfall at Tel Hadya was below the long-term
 
average, which was even lower than the rainfall at Breda. Because of 
higher rainfall at Breda than at Tel Hadya upto mid March, the forage 
legumes at Breda made better early growth than those at Tel Hadya, and 
field estimates showed that by 20 March about 1.5t/ha dry matter was 
already built up by V. narbonensis. Higher rainfall, and low 
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teuperatures at Breda resulted in developrent of Ascochyta blight and
oold damage in lathyrus nurseries. Although the rainfall at Tel Hadya
was low, its uniform distribution resulted ti good crop growth. The
number of frost events at Breda were 38, compared to 50 and 53 at Tel
Hadya and Jinderess. The absolute minimum temperature at Breda was -6.5,
at Tel Hadya -8.7, and at Jinderess -8.0. The conditions were,
therefore, very favourable for screening for cold tolerance. For
example, the cold susceptible check in chickpea cold-tolerance screening 
got killed by 21 March 1993. 

1.3. Achievements
 

A summary of major achievements in research, training and networking
activities during the 1992/93 season is given below. 

1.3.1. Kabuli Chickpea 

Screening of 2000 new chickpea lines for drought tolerance, using newly
developed screening method, revealed that 15 lines were
tolerant/moderately tolerant to drou3ht. 1h1se will be further evaluated 
next season. Sources of resistance have also been identified in the
cultigen against cold, Ascochyta blight, Fusarium wilt and leaf miner. 
In the wild Cicer, sources of resistance have been identified for all the
above five stresses as also for seed beetle and cyst nematode. Multiple
stress resistant sources are more frequently found in the wild Cicer 
species. 

Gernplasm enhancement work for increased biomass yield, Ascochyta
blight resistance, cold tolerance and a combination of blight and cold
made considerable progress. Yield levels of newly-bred hadlines 
exceeded the yield of best checks. Yields of newly-bred lines in winter
sowing were 2155 kg/ha averaged over three locations, giving a 68.9%
increase over the spring-sown ones. Over the period of 10 years (1983/84
to 1992/93), yield of newly bred lines was 62.2% higher when sown in
winter than when sown in spring. Use of wild Cicer species for chickpea
improvement not only enhanced tolerance to target stresses but also
increased yield. The seed yield in F and F progenies derived from the 
interspecific hybridization was >50% higher than the yield of cultigen
 
parent (I1C 482).
 

During 1993, 17475 chickpea entries were provided to 49 countries
through international testing network. Fifty lines have been chosen by
15 NARSs for pre-release multiplication and/or on-farm trials. Six lines 
were released as cultivars by five countries. Genetic typing of
cultivars and assessment of intravarietal variation has been possible by
fingerprinting using (GATA) 4/EcoRI probe/enzyme combination. A DNA 
molecular marker for following resistance to Ascochyta blight has been 
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identified. Using this marker, the gene action in a resistant x
susceptible cross has been followed. Genetic typing (DNA fingerprinting)
of 53 isolates of Ascochyta rabiei collected frm different parts of
Syria has also been done. Studies have been st,-rted in developing
protocols for in vitro culture of embyos so as to enable embryo rescue 
in the interspecific hybridization.
 

Survey of chickpea disease si'.uation in different parts of Syria
(Dara 'a, Hama, Homs, Aleppo, Idleb and Hassakeh provinces) was conducted. 
Ascochyta blight was devastating in Hassakeh, where excessive rain and 
conducive temperatures for pathogen in April encouraged the development 
of severe epiphytotics. 

Out of 1615 bi-eeding lines developed between 1981 and 1990, 185 were 
found promising for Ascochyta blight resistance in field and greenhouse
testing in 1991/92. These were again tested during 1992/93 for 
individual pathotypes in greenhouse and for the mixture of pathotypes in 
both greenhouse and field. From these evaluations, 12 lines were 
identified to have broad-based resistance. The role of teliomorphic
stage of Ascochyta blight fungus was investigated, as also the 
development of disease from an infection focus. Progress was made in
developing a wilt-sick plot for routine screening of chickpea material 
for resistance to Fusariumoxysprnun f.sp. ciceri. 

Population dynamics of leafminerchickpea and its parasitoides was 
studied; population of parasitoides followed the same trend theas 
population of leafminer. Population of pod borers was also monitored. 
Neem extract effectively reduced the pod-borer damage in chickpea, but 
it was less effective in controlling leafminer. The resistance of ILC 
5901 to ]eafminer was confirmed. 

1.3.2. Lentil 

Approximately 250 crosses are made and handled in a bulk pedigree system
using off-season generation advancement in Terbol. Segregating
populations targeted for different regions are distributed to national 
programs for selection and cultivar development in situ. Progress has
been made in increasing yield potential in the breeding material, as 
reflected by the yield levels in yield trials at Breda, Tel Hadya and
Terbol. The lentil international breeding nurseries have evolved in 
response to the needs of NARSs. There has been increasing number of 
entries in international trials provide by national programs. 

Vascular wilt caused by Fusarium oxysporum f.sp. lentis being the
major disease of lentil in the region, it has received highest attention. 
Screening for wilt resistance in the 1992/93 season concentrated on adult 
plant reaction in wilt-sick plot using a range of breeding material and
germplasm. Resistance of several lines has been confirmed. A 
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preliminary investigation on biocontrol of wilt using sane isolates of 
Bacillus spp. as antagonist has given valuable results. 

Screening for resistant to Ascochyta blight, which is a crmmon 
disease in Ethiopia, Indian sub-continent and some parts of WANA, in 
trays in plastic house helped in identification of several resistant 
sources. Sources showing conbined resistance to wilt and Ascochyta 
blight have also been identified. 

An effective field screening technique for winter hardiness has been 
developed and variability in cultivated germplasm examined in 
collaboration with the Turkish national program. Molecular, chemical and 
morphological markers for winter hardiness are being studied. 

The national programs have made good use of ICARDA enhanced 
germplasm. Eight cutlivars were released by seven countries during 1993. 
A large number of lines has been selected for multi-location testing 
and/or pre-release multiplication in all the major production areas. 

A collaborative project with Washington State University is examining
ths possibility of using DNA-marker (RFLP, PCR) in a system of marker 
assisted selection for lentil improvement. 

Ewperiments on the control of Sitona crinitus to prevent damage to 
nodules in lentil at Tel Hadya, Jinderess ad Alkamiye confirmed the 
effectiveness of seed treatment of lentil with Promet at the rate of 12 
ml/kg seed. Also, its efficacy was proven in 6 on-farm trials spread in 
all the major lentil growing areas in Syria. Gaucho insecticide was not 
effective in preventing nodule damage.
 

1.3.3. Forage Legumes
 

Forage-legume improvement covered oumon vetch (Vicia sativa), wooly-pod 
vetch (V. villosa subsp. dasycarpa), bitter vetch (V. ervilia),
Palaestina vetch (V. palaestina), Hungarian vetch (V. panonica) and 
narbon vetch (V. narbonensis) and common chickling (Lathyrus sativus), 
dwarf chickling (L. cicera) and ochrus chickling (L. ochrus). Work was 
also done on aniphicarpous vetch (V. sativa subsp. amphicarpa) and 
chickling (L. ciliolatus). Much of the efforts were devoted to 
domesticate the wild forms of these species, by selection and 
hybridization, and enhance their adaptation to different environments and 
cropping systens in which they are to be.grown to augment feed production 
for livestock. Nutritional quality evaluation was an important component 
of forage-legume improvement work. 

Screening was done of 321 accessions of vetches and 238 accessions 
of chicklings for reconfirmation of their cold tolerance. Most of the 
accessions retained their past rating. Fourhundred - and - fortyfive new 
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accessions of chickling were also evaluated and 340 accessions were found 
tolerant to cold. 

Onehundred and eightyfour new selections of seven annual forage 
legume species were evaluated in microplot trials for green herbage 
production and seed and straw yield. Several promising selections were 
identified for promotion to yield trials. Early winter growth of V. 
sativa, V. ervilia and V. narbonensiswas significantly correlated with 
dry matter yield of green herbage at flowering and total dry matter yield 
at maturity. 

Genotype x environment study carried out using several advanced 
selections of different vetch and chickling species helped in the 
identification of lines with specific adaptation to low and high yielding 
environments and genotypes with wide adaptation. These entries will be 
incorporated in the international nurseries. National programs have 
found these international nurseries very useful. National programs in 
Iraq, Jordan, Morocco and Syria have identified several lines either for 
release or for prerelease multiplication. Jordan released a wooly-pod 
vetch (IFLVD 683), a commn vetch (IFLVS 715) and one ochrus chickling 
(IFLLO 101/185). Scientists in Morocco identifgd IFLN 577/2391 and 
IFLVS 709/2603 for national catalogue trial. 

For the routine determination of the seed content of neurotoxin B-N 
Oxalyl diamino propianicacid (ODAP) in chicklings, a near-infrared 
technique was perfected in collaboration with the Canadian Grain 
Cczmission grain quality laboratory. Analysis of 116 lines of different 
chicklings revealed that none was free from ODAP but several had very 
little content of this free aminoacid. The ODAP content decreased as the 
moisture supply to the chickling crop was increased. Studies on the 
reaction of different food and feed legumes to drought, using three 
discrete levels of moisture supply as well as a continuous range using 
line source sprinkler system revealed that Lathyrus sativus was most 
drought tolerant crop among the feed legumes and chickpea amongst the 
grain legumes. 

Studies on the seed-bank dynamics of V. sativa subsp. amphicarpa was 
continued in the experiment set up in 1989/90, in which effect of 
different times of grazing was studied. Duriiq 1992/93, there was no 
significant difference between the grazing t:-eatments. Seed softening 
process was studied: 80% of seeds were hard at the start of the season, 
but by autumn this decreased to 58%. 

Disease survey on forage legumes in on-farm trials in different parts 
of Syria revealed that wilt caused by Fusarium oxysporum was most wide
spread disease. Ascochyta blight was occasionally found. Disease 
resistance of different forage legume lines was reconfirmed in 
greenhouse. 



6
 

Studies on Sitona crinitus control on V. villosa subsp. dasycarpa
confirmed that this is an important pest of this vetch and its control
with Prcmet seed treatment can effectively reduce nodule damage and 
increase yield. 

1.3.4. Dry Pea 

New accessions obtained from different cooperators were evaluated in two
genetic evaluation trials and promising lines identified for promotion
to yield trials. Cold-tolerance evaluation of 36 accessions for
reconfirmation and 90 new accessions was ucmpleted. Fourteen new lines
showing cold tolerance were identified. Twenty-three promising entries 
were yield tested at Terbol and Tel Hadya to develop international 
adaptation trial for the 1993/94 season. 

1. 3.5. International Nurseries 

We supplied 1176 sets of 37 different types of trials and nurseries to 
cooperators in 53 countries, based on their request, for the 1993/94
season. Several cooperators also requested large quantity of seeds of 
some elite lines, identified by them from earlier international 
nurseries/trials, for multilocation yield testing and on-farm 
verification trials. Also Rhizobium inoculation was provided. 

1.3.6. Training and Networking 

Training and networking received priority attention from the Program.
Some 207 participants received training in the improvement of lentil,
kabuli chickpea, faba bean, pea and annual forage legumes. Training at
Aleppo included group courses in legume disease control, insect control,
breeding methodologies, harvest mechanization and DNA-melecular marker
techniques; individual non-degree training and graduate research. In
country/regional training covered winter chickpea technology, legume seed 
production, computer use, and general crop production. 

Networking in the Nile Valley, North Africa, and West Asia regional 
programs continued, in which regional trials were designed and execu'ted. 
These included regional yield testing, integrated disease control,
integrated weed control, integrated Ormbanche control and regional
testing of sources of resistant to various diseases and pests. A Global
Grain Legume Drought Research Network (GGIDRN) was started in 
collaboration with ICRISAT and FAO. 

For enhancing the adopticn of winter sowing of chickpea in the
Mediterranean basin, a project planning workshop was organized with FAD 
at ICARDA in November 1993. National program scientists from Algeria, 
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Morocco, Tunisia, Syria and Turkey participated and contributed to the 
development of a project proposal to be sulbmitted to potential donors. 

To enhance the ccmuication of the results of research conducted at 
ICARDA base program as well as that done in collaboration with the 
national programs, 11 books and proceedings, 31 journal articles and 17 
articles in other publications were published during 1993. Annual 
reports, reprints, books and FABIS and LENS newsletters were widely 
distributed. M.C. Saxena. 
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2 - KBULI HICKPE I14PROD4ENT 

The kabuli chickpea improvement is a joint program with ICRISAT, India.
The main objective of the program is to increase stabilizeand kabuli
chickpea production in the developing world. Of the five main regions
where chickpea is grown, the Mediterranean region and Latin America
produce mostly kabuli-type chickpea. Five to ten percent of the area in
the other three main production regions (Indian subcontinent, East Africa
and Australia) is also devoted to production of the kabuli type.
Ascochyta blight and wilt are the two major diseases of chickpea. Leaf
miner in the Mediterranean region and pod borer in other regions are
major insect pests. Drought is the major abiotic stress throughout the
chickpea growing areas and cold assumes importance in Mediterranean
environments and the temperate region. Kabuli chickqea is mainly grown
as a rainfed crop in the wheat-based farming system in areas receiving
between 350 mm and 600 mm annual rainfall in the West Asia and North
Africa (WANA) region. In Dgypt and Sudan and parts of South Asia, West
Asia and Central America, the crop is grown with supplemental irrigation. 

In WANA, where the crop is currently spring sown, yield can be
increased substantially by advancing sowing date from spring to early
winter. With the introduction of winter sowing the chickpea cultivation 
can be extended to lower rainfall region, say upto 300 mm. There are
indications that increasing plant density and redicing row width also
increase yield significantly, especially during winter sowing. Winter
sowing allows the crop to be harvested by machine. 

Major efforts are underway to stabilize chickpea productivity bybreeding cultivars resistant to various stresses, such as diseases
(ascochyta blight and fusarium wilt), insect pests (leaf miner and pod
borer), parasites (cyst nematode and Orobanche crenata Forsk.), and 
physical stresses (mainly cold and drought). Exploitation of wild Cioerspecies for transfer of genes for resistance to different stresses is
another area receiving priority. DNA fingerprinting in Ascochyta rabiei
is being pursued for maping the pathogen variability in the region. 

During 1993, several collaborative projects operated. In the project
"Development of chickpea germplasm with combined resistance to ascochyta
blight and fusarium wilt using wild and cultivated species", four Italian
institutions collaborated with ICARDA. The screening for cyst nematode was carried out in association with the Istituto di Nematologia Agraria,
C.N.R., Bari, Italy. Fusarium wilt resistance screening was also done
in collaboration with INRAT, Tunisia and the Departamento de Patologia
Vegetal, Cordoba, Spain. Screening for tolerance to cold was done in
cooperation with agricultural research institutes in Turkey. A program
on mutation breeding was conducted jointly with the Nuclear Institute for
Agricultural Biology, Faisalabad, Pakistan. The University of
Saskatchewan, Canada is collaborating in studies of genetic diversity inkabuli chickpea. Studies on application of restriction fragment length 



9
 

polymorphism (RFLP) in characterizing chickpea genotypes and Asoxchyta
rabiei isolates are carried out in collaboration with the University of 
Frankfurt, Germany. 

2.1. Chickpea Breeding 

Major objectives of the breeding are (1) to produce cultivars and genetic
stocks with high and stable yield and to develop segreating populations 
and materials for crossing programs to support NARSs and (2) to conduct 
strategic research to support work on germplasm improvement. Specific 
objectives in the development of improved germplasm for different regions 
are: 

1. 	 Mediterranean region: (a) winter sowing: resistance to ascochyta 
blight, tolerance of cold, suitability for machine harvesting, medium 
to large seed size (30% of resources); (b) spring sowing: cold 
tolerance at seedling stage, resistance to ascochyta blight and 
fusarium wilt, tolerance of drought, early maturity, medium to large 
seed size (30% of resources);
 

2. 	 Indian subcontinent and East Africa: resistance to ascochyta blight
and/or fusarium wilt, drought tolerance, early maturity, small to 
medium seed size, response to supplemental irrigation (20% of 
resources); 

3. 	 Latin America: resistance to Fusarium wilt, root rot and viruses, 
large seed size (5%of resources);
 

4. 	 Hih elevation areas: spring sowing, cold tolerance at seedling
stage, resistance to ascochyta blight, terminal drought tolerance, 
early maturity, and medium to large seed size (15% of resources). 
K.B. Singh. 

2.1.1. Use of Improved Ger'plasm by NARSs 

2.1.1.1. International nursaries/trials and other breeding lines 

During 1993, 17,475 chickpea entries were furnished to 49 countries. 
Eighty-six percent of the material went were to developing countries and 
the remaining 14% to imustrialized countries (Table 2.1.1). The 
nurseries were in demand from all the six continents from Chile to China 
and from Canada to Australia-New Zealand and 418 sets were furnished. 
The demand for the finished material continued to increase suggesting
that breeders have found them useful for their direct exploitation. The 
kabuli-chickpea network is well established among chickpea scientists. 
K.B. Singh, R.S. M&Ihotra and M.C. Saxona. 
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Table 2.1.1. Number of trials and entries fu±Lnished to NARSs during 
1993. 

Country 
No. 

Trial and nursery 
of sets of No. of 

Breeding 
lines 

Total 
entries 

trial/nursery entries (no.) (no.) 

Algeria 31 1001 61 1062 
Argentina 2 72 - 72 
Australia 12 437 1 438 
Belize 4 128 - 128 
Bolivia 2 73 - 73 
Brazil - - 2 2 
Bulgaria 2 65 - 65 
Canada 14 529 32 561 
Chile 18 699 - 699 
China 7 248 - 248 
Colombia 2 48 - 48 
Cyprus 2 88 - 88 
Czechoslovakia - - 11 11 
Egypt 12 395 10 405 
Eritria 3 122 - 122 
Ethiopia 12 470 105 575 
France 5 168 12 180 
Germany - - 2 2 
Greece 2 88 - 88 
Hungary 5 243 - 243 
India 37 1259 444 1703 
Iran 22 1041 - 1041 
Iraq 14 457 4 461 
Italy 27 1015 93 1108 
Jordan 5 122 - 122 
Lebanon 
Libya 

8 
3 

343 
72 

4 
-

347 
72 

Mexico 1 31 - 31 
Morocco 11 394 19 413 
Nepal 1 31 - 31 
New Zealand 2 73 - 73 
Oman 4 171 - 171 
Pakistan 8 315 6 321 
Peru 2 73 - 73 
Portugal 
Qatar 

7 
1 

295 
24 

8 
-

303 
24 

Russia - - 4 4 
Saudi Arabia 11 460 - 460 
Spain 10 339 - 339 
Srilanka 1 24 - 24 
Sudan 6 177 10 187 
Syria 45 1896 ill 2007 
Thailand 1 24 - 24 
Tunisia 9 563 514 1077 
Turkey 40 1614 - 1614 
U.A.E. 1 24 - 24 
U.K. 1 48 5 53 
U.S.A. 4 129 65 194 
Zambia 1 64 - 64 

Total 418 15,952 1523 17,475 
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2.1.1.2. OC-farm trials 

The Project assisted NARSs in Algeria, Iraq, Jordan, Lebanon, Morocco, 
Syria, Tunisia and Turkey in the conduct of researcher-managed on-farm 
trials on winter-sown chickpea. In Syria, the Directorate of Agriculture 
and Scientific Research of the Ministry of Agriculture conducted on-farm 
trials in collaboration with ICARDA at 13 sites in different chickpea 
growing areas. They selected 3 newly developed chickpea lines (FLIP 86
5C, 86-6C and 84-15C) and compared them with the two released cultivars 
(Ghab 1 and 3). The season was drier than long-term average at most 
locations. But in north-eastern Syria, the total rainfall was more than 
100% higher than the long-term average and much of this was received in 
early spring in heavy storms encouraging development of serious disease 
problems of ascochyta blight and root-rots. The new lines were nearly 
at par with the released cultivars in their yield performance, when 
averaged over all locations (Table 2.1.2). However, they have 50% larger 
seed size and taller plants. They could thus be very promising for 
introduction of winter chickpea in the drier areas of Syria. Syrian 
NARBs Scientists and K.B. Singh. 

Table 2.1.2. 	 Seed yield and same other characters of chickpea entries 
in the on-farm trial conducted jointly by the Directorate 
of Agriculture and Scientific Research, Syria and ICARDA 
during 1992/93. 

Entry Seed yield 100-seed' Plant' Days to Protein' 
(kg/ha)' weight height flower content 

(g) (cn) (no.) (%) score 

FLIP 86-5C 2007 45 52 122 18.5 
FLIP 86-6C 2002 41 51 120 18.1 
FLIP 84-15C 2142 42 48 121 17.8 

Ghab 1 2185 28 41 120 17.8 
Ghab 3 2039 27 43 124 18.1 

1/ Mean of 13 locations, 2/ Mean of 10 locations, 3/ Mean of 7 locations. 

2. 1.1.3 . Pre-release multiplication of cultivars by NARSs 

Fifty lines have been chosen in recent years by 15 NARSs from the 
ICRISAT/ICARDA international trials for the pre-release multiplication 
and on-farm tests (Table 2.1.3). All the lines are developed through 
hybridization except two which are selections from germplasm. All the 
new lines have shown resistance to ascochyta blight and tolerance of cold 
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at ICARDA and they have 	large seed size. If grown in winter, they canattain a height of at least 40 cm and can thus be harvested by machine.Seeds of some of the promising lines are being multiplied at TCARDA tomeet the potential demand of NARSs. NARsBs Scientists. 

Table 2.1.3. 	 Chickpea lines identified for pre-release multiplication
and on-farm testing by NARSs in recent years. 

0ountry Line 

Afghanistan ILC 482, FLIP 81-293C, FLIP 82-150C, FLIP 83-46C, FLIP 84
15C, FLIP 84-92C

Algeria 	 FLIP 83-49C, FLIP 83-71C, FLIP 84-109C, FLIP 84-145C, FLIP 
85-17C, 79TH 101-2, 80M- 177
 

China FLIP 86-41C
 
Cyprus FLIP 85-IOC
 
gypt ILC 202, FLIP 80-36C
 

France FLIP 84-188C
 
Iraq FLITP 81-269C, FLIP 82-142C, FLIP 82-169C
 
Jordan FLIP 84-15C, FLIP 85-5C
 
Lebanon FLIP 86-6C, FLIP 88-85C
 
Libya FLIP 84-79C, FLIP 84-93C, FLIP 84-144C
 
Mexico 
 ILC 482, FLIP 81-293C
 
Morocco FLIP 84-145C, FLIP 84-182C 
Syria FLIP 84-15C, FLIP 86-5C, FLIP 86-6C 
Tunisia FLIP 83-47C
Turkey FLIP 81-70C, FLIP 82-150C, FLIP 82-74C, FLIP 82-161C, FLIP 

82-269C, FLIP 	 83-31C, FLIP 83-41C, FLIP 83-47C, FLIP 83
77C, FLIP 83-98C, FLIP 84-79C, FLIP 85-13C, FLIP 85-15C, 
87AK 71112
 

2.1.1.4. Release of cultivars by NARas 

During 1993, six cultivars were released by five countries, namely China(FLIP 81-40W, FLIP 81-71C), Egypt (ILC 195), Lebanon (FLIP 85-5C), Libya(ILC 484), and Sudan (ILC 915) (Table 2.1.4.). NARSs in 19 countries
have released 54 lines to-date as cultivars from material furnished from
ICARDA (Table 2.1.4). Forty-three of them have been released for wintersowing in the 	Mediterranean region, eight for spring sowing including
four in China, three for winter sowing with irrig,-tion in more southerly
latitudes, and one in Pakistan. NARBs Scientists. 



13 

Table 2.1.4. Kabuli chickpea cultivars released by national programs. 

Country 	 Cultivars Year of Specific features
 
released release
 

Algeria 	 ILC 482 1988 High yield, blight resis-tarm 
ILC 3279 1988 Tall, blight resistance 
FLIP 84-79C 1991 Cold, blight resistance 
FLIP 84-92C 1991 Blight resistance 

China 	 ILC 202 1988 High yield, for Ginghai pr.
IC 411 1988 High yield, for Ginghai pr.
FLIP 81-71C 1993 High yield

FLIP 81-40C 1993 High yield


Cyprus Yialousa (ILC 3279) 1984 Tall, blight resistance
 
Kyrenia (ILC 464) 1987 Large seeds
 

Egypt ILC 195 1993 Blight, wilt resistance
 
France TS1009 (ILC 482) 1988 Blight resistance
 

TS1502 (FLIP 81-293C) 1988 Blight resistance 
FLIP 84-18[C 1992 Cold, blight resistance 

Iraq ILC 482 1991 Blight resistance, high yield 
IW 3279 1991 Tall, blight resistance
 

Italy Califfo (ILC 72) 1987 Tall, blight resistance
 
Sultano (LC 3279) 1987 Tall, blight resistance
 

Jordan Jubeiha 2 (TLC 482) 1990 High yield, blight resistance 
Jubeiha 3 (IC 3279) 1990 High yield, blight resistance 

Lebanon Janta 2 (IC 482) 1989 High yield, wide adaptation 
FLIP 85-5C 1993 Green seed consumption
 

Libya ILC 484 1993 
 High yield, blight resistanc 
Morocco 	 ILC 195 1987 "all, blight resistance 

ILC 482 1987 High yield, blight resistaro 
Douyet (FLIP 84-92C) 1992 large seed, blight resistanoe 
Rizki (FLIP 83-48C) 1992 Large seed, blight resistance 

Oman 	 ILW 237 1988 
 High yield, irrigated cond.
 
Pakistan Noor 91 (FLIP 81-293C) 1992 High yield, blight resistance 
Portugal Elmo (ILC 5566) 1989 Blight resistance 

Elvar (FLIP 85-17C) 1989 Blight resistance 
Spain 	 Fardan (ILC 72) 1985 Tall, blight resistance 

Zegri (LC 200) 1985 Mid-tall, blight resistance 
Almena (ILC 2548) 1985 Tall, blight resistance 
Alcazaba (ILC 2555) 1985 Tall, blight resistance 
Atalaya (LC 200) 1985 Mid-tall, blight resistance 

Sudan Shendi 1987 High yield, irrigated cond. 
Jabal Mera 1 (ILC 915) 1993 For Jabal Mera area 

Syria Ghab 1 1986(ILC 482) High yield, blight resistanc 
Ghab 2 (LC 3279) 1986 Tall, blight resistance 
Ghab 3 (FLIP &2-150C) 1991 High yield,cold &blight res. 

Tunisia 	 Chetoui (ILC 3279) 1986 Tall, blight resistance 
Kassab (FLIP 83-46C) 1986 Large seeds, blight res. 
Amdoun 1 (Be-sel-81-48) 1986 Large seeds, wilt resistance 
FLIP 84-79C 1991 Blight, cold resistance 
FLIP 84-92C 1991 Large seed, blight resistance 

Turkey 	 ILC 195 1986 Tall, blight resistance 
Guney Sarisi 482 1986 High yield, blight resistarce 
Damla 89 (FLIP 85-7C) 1990 Blight resistance 
Tasova 89 (FLIP 85-135C) 1990 Blight resistance 
Akcin (87AK71115) 1991 Tall, blight resistance
 
Aydin 92 	(FLIP 82-259C) 1992 Large seed, blight resistance 
Menemen 92 (FLIP 85-14C) 1992 Large seed, blight resistance 
Izmir 92 	 (FLIP 85-60C) 1992 Large seed, blight resistance 
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2.1.2. Scaeening Zor Stress Tblerance 

2.1.2.1. Land races
 

Screening of germplasm lines was initiated in 1978 for tolerance/resistance to ascochyta blight (Ascochyta rabiei (Pass.] Tab.), in 1979to cold, in 1981 to leaf miner (Liriomyza cicerina Rond.), in 1982 toseed beetle (Callosobruchus chinensis L.), in 1986(Hetenoxjra ciceri Vovlas, 
to cyst nematode

Greco et Di Vito), in 1987 for fusarium wilt(Fusariumoxysporum Schlecht. emnd Synd f.sp. cioeri [Padwick] Snyd. &Hans), and in 1989 to drought. Field screening techniques havedeveloped for tolerance/resistance to ascochyta blight, 
been 

leaf miner, cold,and drought. Wilt-sick plot developed near Cordoba, Spain is used forscreening resistance against Fusarium wilt. ICARDA is in the process ofdeveloping its own wilt-sick plot. Laboratory and greenhouse screeningtechniques have been developed for seed beetle and cyst nematode,respectively. These techniques have been described in previous annualreports. The number of lines evaluated between 1978 and 1993 fordifferent stresses is shown in Figure 2.1.1 except for seed beetle forwhich no resistance was found in all 5153 lines evaluated. The 1992/93evaluations included 1000 lines to fusarium wilt (results awaited fromCordoba, Spain), and 2000 lines to drought. Resistant sources have beenidentified for ascochyta blight, fusarium wilt, leaf miner, cold, anddrought, but no source of resistance was fourn for seed beetle and cystnematode. Resistant sources have been freely shared with NARSs and areused in crossing blocks. 

Screening germplasm for tolerance to drought continued. This year2000 new lines were evaluated (Figure 2.1.2). Of these one line, ILC391, was rated 3, 14 lines rated 4 and 90 lines rated 5 and the remaining2895 lines were susceptible. These 15 tolerant/moderately tolerant lineswould be reevaluated next season. In the same table results of initialevaluation for leaf miner and fusarium wilt are shown. Promising lineswill be evaluated next season. 



Susceptible Susceptible Susceptible 
19329 Intermediate 

9 
2537 Intermediate 5222n 

Intermediate 

Resistant 57 201 
32 Resistant 

28 
Resistant 

8 

Ascochyta blight Fusarium wilt Leaf miner 

Susceptible Susceptible Susceptible 
9237 7891 Intermediate1191 883 Intermediate114

Intermediate Resistant Resistant 
20 Rs3 

Cyst nematode Cold Drought 

Figure 2.1.1. Reaction of dLickpea gernplasm to some biotic ard abiotic stresses at Tel Hadya, 1978 - 1992. 
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Figure 2.1.2. 	 Preliminary evaluation of germpl&san for resistance to leaf

miner, fusarium wilt and drought during 1991, 
 1992, 1993,
 
respectively.
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For the past four years, ICARDA has furnished a Chickpea Interna
tional Fusarium Wilt Nursery (CIFWN) comprising kabuli entries only.
While results are awaited from other locations, the results of evaluation 
of three locations are described here. Three lines, namely FLIP 85-29C, 
FLIP 85-30C and UC 15, were resistant at Guelma (Algeria) and Hudeiba 
(Sudan). Another five lines, namely ILC 240, FLIP 85-20C, FLIP 85-35C, 
FLIP 85-130C and UC 27, were moderately resistant at both locations. 
These lines were earlier identified resistant at Cordoba (Spain) and can 
therefore be used in breeding program. 

Chickpea International Cold Tolerance Nursery evaluation revealed 
that out of 47 entries, 3, 31, 10, 2, and 1 entries at Tel Hadya; and 3, 
33, 9, 1, and 1 entries at Breda were respectively rated 3, 4, 5, 6 and 
7 (on 1 to 9 scale where l=free, 9=killed). Out of these only two 
entries (ILC 8262 and ILC P617) were consistently rated 3 at both sites. 
Another 28 entries gave nwierately tolerant reaction of 4. K.B. Singh,
S. Weigand, M.C. Saxena, R.S. Malhotra, M. Owar (ICARDA), N. Greo, M. 
Di Vito and A. Porta-Puglia (Italy), R. Jimenez-Diaz (Spain), M.V. Reddy 
(ICRISAr). 

2.1.2.2. Wild Cicar species 

Evaluation of eight annual wild Cioer species continued for the fifth 
year to identify sources of resistance to different stresses. The 
highest susceptibility rating from the five-year evaluation of a line has 
been taken as the actual rating for that line. The results are 
summarized in Table 2.1.5. The evaluation during 1992/93 included 43 new 
accessions for resistance to cold and 197 for drought (Table 2.1. 6). One 
accession C. bijugum remained free of damage from cold and another 3 
accessions of C. bijugum and one C. reticulatum had a rating of 2. 
Hence, additional sources of higher level of cold tolerance in wild Cioer 
species than the cultigen were identified. Only four accessions of C. 
reticulatum were moderately resistant to drought and remaining were 
susceptible. The evaluation was hampered by delayed and variable 
germination, a problem that should be resolved. Seed scarification may 
help.
 

Sources of resistance were found for ascochyta blight, fusarium 
wilt, leaf miner, seed beetle, cyst nematode, cold, and drought. Wild 
species were the only source of resistance so far found for seed beetle 
and cyst nematode and they had higher level of resistance than the 
cultivated species for fusarium wilt, leaf miner, and cold. The most 
important species for resistance to different stress factors was C. 
bijugum, while C. yamashitae was the least important. K.B. Singh, B. 
Weigand, M.C. Saxena, R.B. Malhotra, M. Owar (ICARDA), Nl.V. Reddy
(ICRISAT, A. Porta-Puglia, N. Greco and M. Di Vito (Italy). 



b] 2.1.5. Reacticn of girmplasm ac-esicrns of Cicer spp. to same biotic and abiotic stresses at Tel Hadya, Syria fron 
1987/88-1992/93. 

Scald Blic4t F. wilt Leaf miner Seed beetle Cyst nifatode Cold DrouMNo. speies No. ecies No. species No. species No. species No. species No. Species 
1 0 0 72 1,4-7 2 2,6 20 1,3-5,7 3 6 1 12 1 2 0 00 0 36 1-3,5,6,8 12 1,5-7 1 0 
 29 1,7 0 0
3 4 1 
 7 1,5,7 36 1,4-7 4 1,7

4 17 1,6,7 45 1,4-7 0 0
2 5,6 15 1,5-7 33 1,4-7 3 1,6,7 0 
 1 46 1,3-75 22 5,6 6 5-7 61 1,5-8 3 3,5 28 1,7 

3 7 
21 2,3,5-7 37 1,5-76 29 1,5,6 4 5,6 26 1,4-7 8 1,5,7

7 0 1,8 12 5,6,8 71 1,3-8 O24 1,4-6 4 
 6 23 1,4-8 18 2,4,5,7 49 1-5,7,8 11 2,5,6,8 15 1,3,5-7
8 30 4-7 0 0 
 1 8 52 2,5-8 0 1,5-8 
 8 5,6,8 20 1,2,4-6,8
9 81 2-8 5 6 
 3 1,8 10 5,6,8 144 2-8 
 65 2,3,5-8 42 1-8
 

Total 193 113 231 130 241 238 188 

' Scale: 1 = free; 5 = interniate; 9 = killed.bSpecies oe: 1 = C. bijutxum; 2 = C. drxassanicum; 3= C. aonttm; 4 = C. ed2irnsrpmm; 5= C. judaiacm; 6 = C. pinnatifi&m; 
7 = C. retiaatam; 8 = C. yamshitae.
'Evaluaticn for wilt was done at Istituto Sper etaie per la Patolgia vetale, Rme. 
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0 
0 

0 
0 
0 
0 
0 
2 
0 
2 
3 

0 
0 
0 
0 
1 
0 
0 
0 
1 

0 
0 
0 
0 
0 
0 
0 
2 
4 

0 
0 
1 
2 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
2 
0 
2 
4 

0 
1 
5 
4 
0 
0 
0 
0 
0 

0 
0 
0 
4 
22 
18 
1 
1 
4 

Total 5 33 0 7 12 47 9 45 2 7 2 6 3 8 10 50 

Scale: 1 = free; 5 = tolerant; 9 = killed. 

Table 2.1.6. Reaction of different wild Cicer species to cold 
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2.1.2.3. Souroes of resistance 

Sources of resistance identified for ascochyta blight, fusarium wilt, leaf 
miner, cold and drought in cultivated species are listed in Table 2.1.7. and 
have been used in many breeding programs. Differential disease race
patterns caused some lines to be resistant at ICARDA but susceptible
elsewhere. No source of resistance was found for seed beetle and cyst
nematode.
 

Table 2.1.7. Sources of resistance in cultigen to biotic and abiotic 

stresses identified between 1978 and 1993.
 

Stress Source of resistance 

Ascochyta blight ILC 72, ILC 182, ILC 187, ILC 200, ILC 2380. ILC 2506, 
ILC 2956, ILC 3279, ILC 3856, ILC 4421, IIW 5586, ILC 
5902, ILC 5921, ILC 6043, ILC 6090, IIW 6188.
 

Fusarium wilt ILC 54, ILC 240, ILC 256, IIC 336, ILC 487, FLIP 85
29C, FLIP 85-30C, UC 15. 

Leaf miner ILC 316, ILW 992, ILC 1003, ILC 1009, ILC 1216, ILC 
2622, ILC 5594, ILC 5901. 

Cold IC 1464, ILC 3287, ILC 3465, ILC 3470, ILC 5638, ILC 
5663, ILC 5667, ILC 5947, ILC 5951, ILC 5953, ILW 8262, 
ILC 8617, ILC 482 (Mut) (M 17033).

Drought FLIP 87-58C, FLIP 87-59C. 

Sources of resistance in wild Cicer species for Ascochyta blight,
Fusarium wilt, leaf miner, seed beetle, cyst nematode, cold, and drought are 
given in Table 2.1.8. Whereas no line of cultigen was found resistant to 
two or more stresses, there were several accessions in wild Cicer species
which were resistant to three or more stresses. Some are shown in Table 
2.1.9. These accessions could be more useful in hybridization program for 
the transfer of genes for resistance if they could be crossable. K.B. 
Singh.
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Table 2.1.8. Sources of resistance (rating 1 or 2 on a 1-9 scale) in wild 
Cicer species to biotic and abiotic stresses. 

Stress 	 Source of resistance 

Ascochyta blight 	 C. judaicwn: ILWC 158, IIWC 161, UJ'C 163; C. 
pinnatifidum: ILWC 160. 

Fusarium wilt 	 C. bijugum: 20; C. echinospermm: 4;C. judaicum: 31; 
C. pdnnatifidum: 6; C. 	reticulatum: 11. out of these: 
C. bijugum: ILWC 32, ILWC 75, ILWC 83; C. 
echinospermum: IUWC 39, ILWC 179; C. judaicum: ILWC 
46, IiWC 57, ILWC 94; C. pinnatifidum: ILWC 144, ILWC 
149; C. reticulatum: IL.WC 123, ILWC 183. 

Leaf miner 	 C. chorassanicum: IU'C 147; C. cuneatum: ILWC 187; C. 
judaicum: ILWC 46, ILWC 56, II.C 57, ILkWC 58, ILWC 
95, ILJC 103, IU'C 165, ILWC 175, IIJC 176, ILWC 186, 
liWC 192, ILWC 196; C. yamashitae: IUIC 55. 

Callosobruchus 	 C. bijugum: ILWC 65, ILWC 67, ILWC 68, ILM'C 70,
 
chinensis 	 LLWC 73, ILWC 74, ILWC 75, II'C 83, ILW 177; C. 

ctneatum: ILUC 187; C. eciinospermum: IIWC 39, IIPC 
179, ILWC 181; C. judaicum: ILWC 46, IIC 54, TWC 
173, IlWC 174, ILWC 176, ILW, 18.9; C. reticulatu: 
ILWC 104. 

Cyst nematode 	 C. bijugum: ILC 62, ILWC 63, 11WC 64, ILWC 65, ILWC 
67, IMWC 68, IU'C 70, IU'C 71, IIC 73, IIN@C 75, IULWC 
76, ILWC 77; C. reticulatwn: ILWC 119; C. 
pinnatifidu: ILWC 212, TUC 213, ILWC 226, ILWC 236. 

Cold tolerance 	 C. bijugum: ILWC 32, ILWC 62, ILWC 63, ILWC 64, ILWC 
65, IL 67, ILWC 68, TILW 69, IU'C 70, IINC 71, ILWC 
73, IIWC 74, IIJC 75, TJ'IC 76, ILWC 77, ILWC 79, ILWC 
80, IUWC 84, IIW 194, IUIC 195. 

Drought tolerance 	 C. :-eticulatum: ILWC 122, ILWO 127, ILWC 142. 
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Table 2 *2.1. 	 Sources of multiple resistance in wild cicer species 
identified at Tel Hadya, Syria. 

Acc. Cicer Blight Wilt' Leaf Seed Cyst Cold Drought 
no. species 	 miner beetle nen. 
(IUC) 

32 bijugum 
 S R 	 S R R R S 
39 echinospernum S R R R S R S
 
46 judaicum S R R R S S S
 
62 bijugum R R S R R
R 	 S 
73 bijugum R R S R R SR 
79 bijugum S R 	 R R R R S
81 reticulatum S R R S S R S
 
112 reticulatum S 
 R S R S R S
181 echinospernum S R S R S R S
 
236 pinnatifidum S NE R NE 
 R R S
 
142 reticulatm S NE S NE 
 S R 	 R 

NE = Not evaluated. 
' Evaluation carried out at Istituto Sperimentale per la Patologia Vegetale, 
Rame. 

2.1.3. Garmplasm hancement 

2.1.3.1. Increased biamass yield 

Chickpea seed 	yield is highly correlated with bicmass yield. However, the 
biomass yield is low in chickpea. Two approaches are being followed at
ICARDA to attain this: (a) increase plant height and (b) increase branch 
number in available tall genotypen. This project was initiated during
1989/90 and the progress is summarized here. iuring the 1980/90 season six 
crosses were made between tall genoty-es of diverse origin. These crosses 
were gran in the 1990 off-season and thereafter advanced by bulk method.
Three crosses did not produce plants taller than their tall parents and were 
rejected. The remaining 	 three crosses were advanced to F. generation and 
bulk harvested. More crrsses were made in the subsequent years and advanced 
by the bulk method (Table 2.1.10). 

Selection of 	 tall plants started from the 1991/92 season, when we 
selected 19 plants from Fs generations which were at least 20% taller than 
the tall check (ILC 3279). These selections were grown in the progeny rows
during the 1992/93 season with tall check. Elevenalong the progenies
taller than the tall parent were bulk harvested as they were also uniform 
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(Table 2. 1. 10). These bulked lines will be evaluated for biomass and seed 
yield next season. Another 20 F3 plants which were taller than the tall 
parent have been selected from the breeding nursery. 

Table 2.1.10. Chickpea biomass yield breeding material grown at Tel Hadya, 
1992/93.
 

Generation No. of developed No. of bulk/plants
 
populations grown selected 

11 -
F0 
8 7 

F4 

F2 
2 2
 

TS - 20
 
3 3 

F7 19 11 
F6 

Plant height and branching can be increase through interspecific 
crosses. Therefore, it is expected that by crossing tall parents of the 
cultigen with wild Cicer both height and biomass yield may increase. With 
this in mind we made six interspecific crosses including C. reticulatum 
(ILWC 115) x C. reticulatum (ILWC 104), C. arietinum (ILC 72) x C. 
reticulatum (ILNC 115), C. arietinum (FLIP 91-149C) x C. reticulatum (INC 
115), C. arietinum (ILC 72) x C. reticulatum (ILWC 104), C. arietinum (FLIP 
91-149C) x C. reticulatum (IINC 104), and C. arietinum (ILC 72) x C. 
arieti-num (FLIP 91-149C). During the off-season we have produced F2 seeds 
and also made five backcrosses. M. amar and K.B. Singh. 

2.1.3.2. Asoochyta blight resistance 

Ascochyta blight is the vajor disease of chickpea and its significance after 
the introduction of winter chickpea in the Mediterranean basin. Without 
resistance to this disease chickpea cannot be grown during winter. 
Screening of breedin' lines for resistance to blight at ICARDA identified 
several resistant lines. But, when they were tested across locations and 
years none of them was found resistant at all locations indicating the 
presence of physiologic races. Later research at ICARDA indicated that 
there might be six races in Syria and 13 races in the Mediterranean basin. 
Therefore, efforts began to combine genes for resistance to ascochyta 
blight. One approach was to cross resistance sources of diverse origin with 
the hope that they may have different genes for resistance and by combining 
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them durable resistant lines could be developed. This program was initiatedin 1989/90 and materials available at the end of 1992/93 season are shownin Table 2.1.11. During 1992/93 season five additional crosses have beenmade. Foyer hundred and seventy-five F4 and F, plants were selected fromearlier crosses. All these plants had a rating of 2 on 1-9 scale, where 1= free from damage and 9 := all plants killed. It is likely that some ofthem may have true resistance rating. Research in this area will be
intensified. K.B. Singh and M.T. Mhbaga. 

Table 2.1.11. Materials in germplasm enhancement project for ascochyta 
blight at ICARDA, 1992/93.
 

Generation 
 No. of bulks Selection 
sawn bulk single plants 

F0 5 -

F2 5 5 -

F4 3 -

F5 2 

300
 
- 175
 

2.1.3.3. Cold tolerance 

During 1985/86 four crosses, ILC 3470 X FLIP 81-16C, ILC 3470 X FLIP 82-64C,ILC 3470 X FLIP 81-21C and ILC 3465 X IC 3861, between tolerant x tolerantlines of diverse origins were made. The F, generation was advanced in theoff season. The F2s were grown in the cold nursery and the cold tolerant
plants from each of the four crosses were bulk harvested. Subsequently, the
material was advanced and 73 cold-tolerant plants were selected in 
 F6generations. These tole-rant lines were grown along with two tolerant andtwo susceptible checks in randomized block design with two replications atTel Hadya and Breda during 1992/93. The plot size was 2 m x 2 rows spacedat 45 cm apart. The observations were recorded on cold tolerance, biomassand seed yield, 100-seed weight, plant height and pod characters. The levelof cold tolerance did not improve indicating that the genes for coldtolerance in the original tolerant parents may have been the same. However,there was significant improvement in seed yield (Table 2.1.12). Sincebetter success has been achieved in improving the level of cold toleranceby introgressing genes from wild species, the germplasm enhancement for coldtolerance within cultivated species has been stopped. K.B. Singh and R.5. 
Malhotra. 



Table 2.1.12. Performance of selected F7 cold-tolerant lir- for yield and other traits. 

S.No. Entry Nane CIR DFIR E[IAT BYID GYLD 100 S.W. GEA PTWT CAW}H FPCO 

i 57 5276-1 3 197 248 1545 537 17 3 61 80 603
 
2 64 5329-1 3 195 246 1180 468 23 3 56 78 322 
3 61 5287-1 3 196 248 1225 433 17 3 58 80 413 
6 10 5058-3 3 192 246 1015 387 19 3 54 73 426 
10 4 5038-2 3 191 246 1025 371 29 3 55 78 487 
12 36 5475-1 3 195 249 860 357 17 3 49 68 573 
13 20 5480-1 3 196 251 1125 356 30 3 57 75 394 
14 34 5474-1 3 195 247 900 356 16 3 46 65 375 
16 3 5038-1 3 189 246 1055 343 18 3 54 78 304 
18 22 5464-1 3 191 245 860 337 19 3 52 68 398 
28 41 IILC 8262 3 200 249 1100 285 26 3 63 83 316 
34 68 ILC482 C.T 3 210 253 1325 275 27 3 62 78 223 
76 1 ILC533 9 0 0 55 0 12 3 0 0 0 
77 56 MCI1929 9 0 0 95 0 33 3 0 0 0 

Mean 3.73 190.11 241.12 728.18 248.77 23.05 2.75 52.81 69.68 315.63
 
S.E. 0.21 1.21 1.07 147.17 57.65 2.36 0.21 2.58 4.56 82.92
 
LSD at 5% 0.60 3.42 3.01 414.32 162.31 
 6.65 0.59 7.25 12.84 233.44
 
C.V.(%) 8.13 0.90 0.63 28.58 32.77 14.50 10.34 6.90 9.25 
 37.15
 

CIR = Cold tolerance ratinxg on 1-9 scale; DFLR = days to flower; DMAT = days to mature; BYLD = biological yield 
(g/plot); GYLD = grain yield (g/plot); 100 S.W = 100 seed weight (g); GRHA = growth habit (tolerant; 5 = 
prostrate; M = plant height (cm); CAIM = canopy width (cm); FPOD = filled pods/plot. 
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2.1.3.4. Combined resistance to cold and Asoochyta blight 

A project to combine resistance to cold and Ascochyta blight was startedin 1986. The material fron this project sown in cold and ascochytablight nursery in the 1992-93 season is shom in Table 2.1.13. Thewinter was severe and it destroyed much of material. Of the remaining,many progenies/plants succumbed to ascochyta blight. As a result, noneof the progenies was uniformly resistant to both stresses. 
some Only a fewplants in progenies were resistant. A total of 90 plants out ofabout 7300 plants were selected from F3 to F7 progenies. These will bere-evaluated next K.B.season. Singh, R.S. Malhotra and M.T. 1ubaga. 

Table .1.13. Chickpea material evaluated for combined resistance to 

cold and Ascochyta blight at Tel Hadya, 1992/93.
 

Generation 
 ~ Sown Selected
 
F7 8 progenies 16 plants
 
F6 5 progenies 
 10 plantsF5 18 progenies 25 plantsF4 1 progenies 6 plantsF3 5 bulks 33 plants 

2. 1 .4. Iproved Germplasm for Wheat-based Systen
 

A bulk-pedigree 
 method for breeding cold and Ascochyta blight-resistantchickpeas and another for breeding cold, Ascochyta blight- ard droughttolerant chickpeas, have been used at ICARDA. The first method wasdescribed in the 1988 Food Legame Program annual report the second in the
1990 report. Both methods 
 make use of the off-season nurserycultivars are developed in a period of four 
and 

years. Following thesemethods a number of lines have been bred and shared with NARSs. 

2.1.4.1. Segregating generations 

During the 1992/93 season, 291 crosses were made, Fls of which (194) weregrown in the off-season during 1993. F and F bulks of earlier crosseswere grown in the main season and F3 bulks in the off-season (Table2.1.14). About 16,500 progeny rows were grown between winter and springseasons. A total of 458 promising and uniform F3 and F, progenies werebulked. These bulked lines were grown in the off-season and purifiedseeds have been harvested for multi-location evaluation. Due to aninfestation by wilt/root-rot conplex, late maturity, and poor growthhabit, 139 lines were rejmcted, leaving only 319 for evaluation in theyield trials next season. The 1992/93 season had a severe winter, heceeffective selection for cold tolerance was made. Ascochyta blight 
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developed in epiphytotic form and effective selection was made against 
this stress as well. K.B. Singh.
 

2.1.4.2. Yield perforMance of newly bred lines
 

Three hundred newly-bred lines were evaluated in 14 preliminary yield 
trials (PYTs) at three locations (Tel Hadya, Jinderess and Terbol) and 
in two seasons (winter and spring). Several lines were superior in yield 
over the check, although only a few significantly (Table 2.1.15). The 
1992/93 was a relatively dry season, but the rainfall distribution was 
good. Therefore, the yield in both winter and spring was higher than the 
previous years. Over the three locations, winter chickpea produced 2155 
kg ha', giving an increase of 68.9% over spring.
 

Table 2.1.14. Chickpea breeding material grown at Tel Hadya during 
winter and spring and at Terbol during off-season, 
1992/93. 

Generation No. of bulk/ No. of No. of 
progeny grown plants selected bulked progenies 

291 - -

F, 194 - -
F, Bulk 230 146 -
F, Bulk 219 1236 -
F Bulk 159 11786 -

F0 


4 
F4 Progeny 684 666 -
F, Bulk 2 175 -
F, Progeny (Larqe' 684 - 49 
F, Progeny (Early) 2109 - 96 
Fs Progeny (Tall) - - 95 
Fj Progeny (Others) 12218 - 172 
F, Bulk Tall 3 - -
F, Progeny (Tall) - - 10 
F6 Progeny (Early) - - 12 
Fh Progeny (Desi) 12 - -
F Progeny (Others) 751 230 24 
F7 Progeny 8 16 -
F7 Progeny (Desi) 101 - -

Total:
 
F2,/F,/F Bulks 613 14,255 -
F,/F 4 /,/F./F, Progeny 16,567 458 



Table 2. 1. 15. Performance of newly developed lines during winter and spring at Tel Hadya,
Jinderess and Terbol, 1992/93. 

Location No. of No. of entriesand season trials tested Yield (kq/ha) RaR eexceeding significantly mean of mean of C.V. LSD
dek exceeding location highest (%) (P< 0.05)

check yield 

Winter 
 14 324 50 
 1 2006 2753
Spring 13 312 25 9-24 377-9532 913 1290 8-16 181-278 

JinderessWinter 
 13 300 62 
 2005
Spring 12 288 4 
1 
0 

2949 15-36 100-1584 
1448 1919 
 9-17 255-511
 

TerbolWinter 
 13 300 52
Spring 12 288 56 

3 2451 2979 7-13 316-6552 
 1468 1954 9-26 
 290-789
 

Overall 
Winter -

2155Spring 
1276 
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Chickpea line FLIP 88-85C had an impressive yield performance in 
Syria during the 1991/92 ranking first at six out of nine locations as 
well as in overall performance. It outyielded the best check (Ghab 3) 
at all the nine locations, and at four locations at significant level, 
producing 28.8% more seed yield. Its performance in 1992/93 was 
therefore again examined. The line outyielded Ghab 3 at five out of 
eight locations, giving 11.9% higher seed yield during 1992/93. The mean 
yield of this line was 2962 kg ha' with a range of 2088 to 4204 kg ha' 
(Table 2.1.16). These nine locations are spread all over Syria and had 
divergent agroclimatic conditions. With a 100-seed weight of 35 g, it 
excelled the check by 20% in seed size. It is highly resistant to both 
Ascochyta blight and cold. It has been developed from a cross ILC 629 
x FLIP 82-144C.
 

A comparison of spring versus winter sowing has been made over ten 
years (1983/84 to 1992/93) at three sites (Tel Hadya, Jinderess and 
Terbol), using common breeding lines (number ranging between 72 and 486 
lines). The winters of 1984/85, 1988/89, 1989/90, 1991/92 were more cold 
than normal and the springs of 1983/84, 1988/89, 1989/90, 1990/91, and 
1992/93 (especially at Tel Hadya) were drier than normal. 

The seed yield data (Figure 2.1.3) showed that winter-sown trials on 
average produced 1678 kg/ha against 1032 kg of spring-sown trials, giving 
62.2% more yield. The yield differences between winter and spring were 
larger during dry seasons than in normal seasons. During an abnormally 
cold year (1984/85), yields of winter-sown trials were lower than spring
sown trials. But this trend was reversed during the later cold years 
(1988/89, 1989/90 and 1991/92) becaLse of introduction of cold tolerance 
in selections since 1984/85. The 10% top yielders in winter sowing 
produced 122.5% or 1264 kg/ha more than the mean yield produced in spring 
Dver eight years. Many lines produced more than 4 t/ha seed yield during 
winter especially in the favourable environment of Terbol. 



Seed yield (kg/ha) 

3.500 0top yielding wtr- A winter 'AIt spring 

3 000 

2,500
 

2296
 

2,000 

1674
 

1,000 A 

!-,,0 

00
 

1984 1985 1986 1987 1988 i989 1990 
 1991 1992 1993 Mean
 

Mean of three iocations
 

FigUre 2.1.3. Mean seed yield (kg ha") of chickpea grown in winter and spriM at three locations and ten years. 



Tablr 2.1.13. Seed yield (kg/ha, Y) and rank (R) of chickpea line FLIP 88-85C at nine locations in Syria during 1991-92 and 1992-93. 

Entry Tel Hadva 
Y R 

Jinderess 
Y R 

Izraa 
Y R 

Jellin 
Y R 

Hans 
Y R Y 

Hama 
R 

GMab 
Y R Y 

Idleb 
R 

Heimo 
Y 

Mean 
'Y R 

1991/92
FLIP 88-85C 2088 
Ghab 3 1580 

3 
18 

2633 
1456 

3 
24 

3306 
2204 

2 
23 

2674 
2061 

1 
18 

3921 
3509 

1 
5 

3825 
2894 

1 
17 

4204 
3538 

1 
15 

3241 
2612 

1 
7 

2122 
1889 

1 
2 

3113 
2416 

1 
19 

1992/93 
FLIP 88-85C 3372 
Ghab 3 2294 

1 
13 

2978 
2057 

1 
18 

2639 
2068 

1 
11 

2495 
2671 

20 
15 

-
-

3688 
3302 

4 
7 

3021 
3184 

12 
7 

2678 
3024 

8 
3 

1636 
1509 

4 
9 

2813 
2513 

1 
8 

Li 

Mean of 24 2009 2152 2400 2450 - 3425 3311 2576 1502 
entries 
CV % 
SE 
LSD at 5% 

13.5 
341.6 
291.6 

23.4 
291.2 
828.8 

22.7 
323.8 
521.2 

14.7 
209.1 
436.3 

-
-

9.3 
162.8 
286.6 

16.6 
309.9 
638.9 

21.9 
310.5 
609.4 

17.5 
151.2 
313.6 



32 

Figure 2.1.4 shows the highest yield obtained at the ICARDA and NARS
sites for ten years (1980 to 1990). Whereas the highest yields at ICARDA 
sites ranged between 3 and 5 tonnes per hectare, the highest yields atMARS sites ranged between 5 and 8 tonnes per hectare. Although these are
small plot yields and may not be realized on large fields, they are
indicative that very high yields could be expected under better 
management and favorable environments during winter sowing. K.B. Singh. 

Yield (000 kg/ha) 

100 
lO0 	 I'ICARDA D NARS ! 

80 	 77 

66
 

4 6 4 9 	 \' 5 0 49, r,

4~ 33 3
 
40 3 5 


3 6lC .
 ." 

1O O 1 1)S2 1,183 1384 1 185 'Hr 1987 	 lq181 ()8') 1990 

Figure 2.1.4. 	The highest yield recorded by any line at ICARDA and NARS 
sites, indicating the yield potential of winter-sown 
chickpea.
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2.1.4.3. AMoption of winter chickpea in the Hediterranean enviroment 

Adoption of winter chickpea by farmers began in Cyprus during the 1984/85 
season and by 	 1990/91 nearly all spring chickpea area was replaced by 
winter chickpea. Syrian farmers were next to adopt winter chickpea and 
by 1992/93 an 	estimated 22,000 ha was sown during winter. All eastern 
Mediterranean 	 countries including those in West Asia, North Africa and 
southern Europe have introduced winter sowing. The technology has been 
accepted, .ut 	the major bottleneck in speedy spread of winter chickpea 
is the non-availability of seed. Occasional set back with a winter-sown 
chickpea crop 	can occur under unfavourable weathor conditions as were 
experienced in the north-eastern Syria this seasor. Development of 
cultivars with durable resistance to Ascochyta blight is a pre-requisite 
for introduction of winter chickpea in such areas. K.B. Singh. 

2.1.5. Strategic Research 

2 . 1.5.1. Mutation breeding for dxxnight to rance 

Five hunured seeds of three diverse genotypes, namely FLIP 84-92C, lW 
5901 and S 90148, were treated with 40, 50 and 60 kr of gamma rays during 
1991/92 for inducing mutation, and grown in the field. The germination 
of these was as shown in Table 2.1.17. 

Table 2.1.17. 	 Effect of gamma ray irradiation at different rates on the 
germination of seeds of three cultivars of chickpea. 

Genotype Dose Seeds
 
Sown Germinated
 

FLIP 84-92C
 
40 kr 500 499
 
50 kr 500 478
 
60 kr 500 435
 

ILC 5901
 
40 kr 	 500 462
 
50 kr 	 500 218
 
60 kr 500 68
 

S 90148
 
40 kr 500 498
 
50 kr 500 452
 
60 kr 500 169
 

Plants were harvested individually in early July 1992. Forty seeds
 
from each N plants were grown in drought nursery on 20th March 1993. The 
material was evaluated on row basis on a 1-9 scale and results are 
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presented in Table 2.1.18. Three progenies were rated 3 and 5 progenies
rated 4 as compared to a susceptible rating for the parentals. Another 
290 progenies were rated 5 and the remaining 2891 were susceptible. Of 
the three genotypes, FLIP 84-92C gave more drought-tolerant plants and 
ILC 5901 produced none. The research will continue to select drought
tolerant mutants. K.B. Singh. 

2.1.5.2. Development of screening technique for drought tolerance 

Efforts continued to develop a reliable, easy screening technique to 
facilitate evaluation of a large number of germplasm and breeding lines. 
Thirty previously selected drought-tolerant lines were grown with one 
drought-tolerant (FLIP 87-59C) and one drought-susceptible (ILC 72) line 
during the 1993 spring at Tel Hadya &during the 1992/93 winter at Breda. 

Table 2.1.18. 	 Evaluation of M, generation of three chickpea genotypes 
for drought tolerance at Tel Hadya during spring 1993. 

Genotype Dose Number of 	progenies showing a drought Total 
reaction ratinq of 

3 4 5 	 6-9
 

FLIP 84-92C 
40 k 2 2 53 442 499 
50 kr 1 2 50 425 478 
60 kr 0 0 104 331 435 

ILC 5901 
40 kr 0 0 15 447 462 
50 kr 0 0 15 203 218 
60 kr 0 0 3 65 68 

S 90148 
40 kr 0 1 34 463 498 
50 kr 0 0 15 437 452 
60 kr 0 0 1 168 169 

Total 3 5 29C 2981 3279 

Scale: 1 = free from damage; 9 all plants killed. 

At Tel Hadya, two separate trials - one rainfed and other with three 
supplemental irrigations - were conducted. The plot size was 4 m x 4 
rows spaced at 35 cm apart. Randomized block design with three 
replications was followed for each experiment. The sowing was done on 
4 December 1992 at Breda and on 20 March w-re1993 at Tel Hadya. Entries 
rated for drought tolerance visually on 1-9 scale in the rainfed trials. 
Data on days to flower and seed yield were collected from all trials. 
The 1992/93 season turned out to be dry as only 286 mm of rainfall at
Breda and 283 mm at Tel Hadya were received. Results are presented in 
Table 2.1.19. 
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Table 2.1.19. 	 Performance of previously-identified drought-tolerant 
genotypes under Tel Hadya and Breda conditions, 1993. 

Entry Tel Hadya. sprinq sown Breda, winter sown 
Rainfed Irriqated Rainfed 

Visual DFLR Yield Yield Visual DFLR Yield 
scorel (kg/ha) (kg/ha) score (kg/ha) 

ILC 142 5 44 1066 3343 5 128 1282 
ILC 452 6 50 563 3151 5 137 1237 
ILC 477 6 52 532 3425 5 136 1104 
ILC 505 6 49 893 3739 7 136 702 
ILC 1252 6 51 581 3706 6 136 1041 
ILC 2293 5 51 758 3827 6 135 1092 
ILC 2739 6 46 679 3239 6 134 839 
ILC 2799 6 47 721 3039 6 134 924 
ILC 3193 5 48 959 3421 6 135 745 
ILC 3512 6 50 537 3230 6 135 1155 
IW 3550 4 45 1079 3528 4 130 1353 
IC 3764 5 51 785 3854 5 134 1157 
ILC 3843 4 46 1166 3468 5 129 1269 
ILC 4162 6 47 874 3527 6 133 1073 
ILC 4236 5 48 881 3434 5 134 1182 
ILC 4339 5 42 1189 3743 5 125 1190 
ILC 4400 6 57 466 3041 6 136 1196 
ILC 4446 6 50 721 3592 5 135 1135 
ILC 4463 6 52 801 4051 5 136 1280 
ILC 5176 5 47 661 2825 7 138 835 
ILC 5371 5 44 1060 3302 7 129 943 
IC 5836 6 50 632 3239 6 134 961 
ILC 6023 6 47 841 3199 4 129 1263 
ILC 6119 5 39 1098 2849 4 122 1406 
ICC 4958 4 46 1174 3106 6 135 978 
FLIP 87-51C 6 49 805 4060 5 136 1202 
FLIP 87-58C 4 41 1076 3603 5 127 1090 
FLIP 87-85C 4 46 1026 3674 6 130 1086 
FLIP 88-42C 4 44 1099 2994 6 131 1155 
ILC 1929 6 48 798 3828 6 135 1073 
ILC 72 9 67 54 2641 6 139 920 
FLIP 87-59C 4 42 1243 3733 4 128 1367 

Mean 	 838 3419 1101 
C.V. (%) 11.15 	 9.95 
S.E. 113.00 77.49
 
LSD 486.38 182.49
 

1 Scale: 1 = free from drought stress; 9 = all plants killed. 
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Major conclusions from this and previous years experiments on thedevelopment of drought-tolerant screening technique are summarized here.The most important selection criteria for the drought-tolerant genotypesseem to be early flowering and seed yield under drought. Early growthvigor was also a helpful trait. The 1-9 visual rating scale developed
at ICARDA seems effective in discriminating between tolerant andsusceptible lines. There was no relationship between yields obtainedwith and without supplemental irrigation. Supplementary irrigation
used to 

was 
measure the yield potential of the genotypes which would be of

help in determining the drought index for testthe genotypes. Theobjectives of growing drought-tolerant genotypes at Breda were to confirm
drought tolerance at a dry site and to identify drought tolerance forwinter sowing. There was no correlation between yield obtained inwinter-sown experiment at Breda and the spring-sown rainfed experiment
at Tel Hadya (r = 0.304), indicating that growing chickpea drought
tolerance nursery in winter at Breda would not help in identification of
drought tolerant genotypes for spring sc.4ing. 

In conclusion the best way of selecting drought-tolerant genotypes isby sowing at a time when the crop necessarily faces terminal drought inmost years and evaluating the material visually on 1-9 scale. The
drought-tolerant materials with rating 1-4 should be grown in areplicated yield trial and final selection of materials should be based on two and preferably three years data. K.B. Singh, M. 0-ar, C. Johanamn 
(ICRISM) and M.C. Saxena. 

2.1.6. Interspecific Hybridization 

2.1.6.1. Yield, yield attributes, and phenology 

Crosses were made between Cicer arietinum (ILC 482) and C. echinosparam
(IINC 35) and C. reticulatum (IUWC 36) during 1987/88. The F2s were grown

during 1989/90 and promising plants were selected and advanced 
to F4 andF, stage. Twelve F4 lines including 10 frcm C. echinospermum cross andtwo from C. reticulatumcross and one check cultivar (lmC 482) were grownin a randomized block design with two replications during 1992/93.Likewise, 22 Fs lines including 20 from C. echnospermum and 2 from C.
reti 'atum crosses were evaluated in a randomized block design with tworepli tions. The sowing was done on 10 December at Tel Hadya. The plot
size was 1 rw, 4 m long, spaced 45 cn apart. The crop was given 100 mmsupplemental irrigation, and was protected from ascochyta blight byrepeated sprays of Bravo 500. Observations were recorded on seed yield,biomass yield, harvest index, 100-seed weight, pods per plant, seeds per
plant, seeds per pod, plant height, days to flowering and maturity. Data were statistically analysed and results are presented in Figures 2.1.5a 
to e. 
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Four F4 lines significantly outyielded ILC 482 by a margin of 50 to 
62% (Figure 2.1.5a). Another seven Fj lines outyielded this check 
cultivar by a margin of 41 to 56%. Like! _sd yield, 7 F and 13 F5 lines 
produced significantly higher total biological yield than the check 
(Figure 2.1.5a). However, there was no significant difference in harvest 
index (Figure 2.1. 5b). The 100-seed weight (Figure 2.1. 5b), the number 
of pods per plant (Figure 2.1.5c) and seeds per pod (Figure 2.1.5d) were 
higher in F4 and F5 lines than the check and many of these lines the 
increase was significant (P=-0.05). 

Many of the F4 and Fj lines were taller than the cultigen although
that the two wild species used in the crossing program were shorter in 
height than the cultigen (Figure 2.1.5d). Many F4 and F lines were 
significantly later in maturity than the cultigen (Figure 2.1.5e). In 
F, we had observed heterosis for yield to an extent of 250%, and it was 
presumed that much of it could be due to daminant effect. But the 
results presented above with later generations have shown that there are 
"yield genes" in the wild Cicer species which could be transferred to 
cultigen for increasing seed yield. We have now planned crosses between 
the highest yielding F, lines and the cultigen to eliminate undesirable 
traits such as poor reed quality coning fron the wild species. Another 
interesting finding is that the derivatives from the C. echinospermum 
cross was better than the derivatives fran the C. reticulatun cross. 
This could be due to closeness between the latter species and cultigen.
Results have also shown that plant height could be increased in cultigen
by incorporating genes from wild species. K.B. Singh and B. Ocampo. 

2.1.6.2. Tolerance to cyst namatode 

No source of re~Listance to cyst nematode was found in the screening of 
10,000 accessions of cultivated species. But, when wild Cicer species
accessions were evaluated, 22 accessions of C. bijugum, five of C. 
pinnatifidum and one of C. reticulatum were found resistant to cyst
nematode. Since cyst nematode is a serious problem in parts of chickpea
growing area in Syria, crosses were initiated during 1990/91 as also a 
mutation breeding program was started. The materials evaluated during
1992/93 included 2437 F2 plants of four crosses with the resistant C. 
reticulatum accession, 417 F4 plants from three crosses and 2187 F, plants
fram two crosses. In addition 425 K plants of ILC 863 were evaluated. 
Sixty-three plants were identified with zero rating and 444 plants with 
1 rating (Table 2.1.20). A large number of plants, when transplanted
after the examination of roots, failed to produce seeds, and this 
technique needs improvement. Of the successful transplants, many had 
undesirable seed characters and were rejected and the remaining plants 
were advanced in the off-season nursery. Five new crosses were also 
made. K.B. Singh, R.S. Malhotra (ICA), N. Groco and M. Di Vito 
(Italy). 
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Table 2.1.20. 	 Reaction of plants in F2, Ft, F5 and N generations to cyst nematode in the 
greenhouse at Tel Hadya, 1992/93. 

Generation 	Cross no. Parents Number of progenies in different ratinas' 
0 1 	 2 3 4 5 Total 

F, 	 X 92TH231 INC 119 X ILC 482 1 2 88 381 225 140 837 
X 92TH232 ILWC 119 X FLIP 82-150C 0 4 2 181 336 229 752 
X 92TH233 ILWC 119 X FLIP 83-46C 0 0 0 22 66 116 204 
X 92TH234 ILWC 119 X FLIP 84-93C 0 0 1 152 224 267 644 

Total 
 1 6 91 	 936 851 752 2437 

F4	 X 91TH214 ILC 846 X IWC 119 9 34 71 9 - - 123 
X 91TH215 ILC 863 XILW 119 3 30 56 47 2 - 138 
X 91TH318 FLIP 84-92C X ILWC 119 10 45 75 26 - - 156 

Total 
 22 109 	 202 82 2 - 417 

F5 	 X 90TH571 ILC 482 X ILWC 119 26 167 409 328 110 59 1099 
X 90TH572 FLIP 87-69C X ILWC 119 13 153 542 312 56 12 1088 

Total 	 39 
 320 951 	 640 166 71 2187
 

Mutation of ILC 863 	 1 9 2 120 151 142 425
 

1/ Scale 0 = no 	cyst formatioh.on roots, 5 = > 50 cysts/plant. 
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2.1.6.3. Cold tolerance 

The level of cold tolerance is higher in wild species than cultivated
species. To transfer genes from the wild species to the cultivated species,
ten crosses were made between ten cultigens and one accession of Cicer
reticulatun with a rating of 2 during 1987/88. TIhe Fs were grown in off
season during 1988. The F2s were grown in the cold nursery during 1988/89.
Each year, we made five interspecific crosses and advanced them. During the
1991/92, F,, F, and F4 bulks were in the coldgrown nursery at Tel Hadya.
Ninety-four cold-tolerant plants were selected and harvested individually.
These 94 F1, F, and Fs lines were grown along with their six parents including
four cultigens and two Cicer arietinum accessions in a randomized block
design with two replications at Tel Hadya and Breda during the 1992/93 
season. The plot size was 2 m long x 2 rows spaced at 45 cm apart. The 
crop was sown in early October and irrigated three times for good
germinations and early growth so that proper evaluation for cold tolerance 
could be done. The observations were recorded for cold tolerance (CmR) on
1-9 scale (1 = free from any cold damage and 9 = all plants killed), days
to flowering (DFLR) and maturity (DMAT), biomass (BYLD) and seed (GYLD)
yield, 100-seed weight (100 S.W.), grcwth habit (GRHA), plant height (PuIT),
the number of filled (FPOD) and empty (EPOD) pods. 

The results are presented (Table 2.1.21) for the four most cold
tolerant lines, nine highest yielding progenies and six checks. The coldtolerance rating of four progenies from the interspecific hybridization was
2 and for the remaining nine progenies was 3. The nine highest yielding
progenies prczuced 50 to 100% higher seed yield than Lhe best cultivated
check ILC 8262. The two wild species yielded poorly. &ed size and growth
habit also improved. Pod dehiscence in the progenies was almost absent.
The typical desi and kabuli seed types were recovered. It seems that the genes for cold tolerance from Cicer reticulatumhave been transferred to the
cultivated species. Along with cold tolerance it appears that "yield genes"
from the wild species have also been incorporated in the cultigen as is
evident from the high yields. The selection pressure has been tcwards 
plants closer to either desi or kabuli type starting in F, generation. This
selection pressure assisted has in elimination of undesirable genes from 
wild species. K.B. Singh and R.S. Malhotra. 

2.1.7. Protein Quality 

It is our endeavour to develop cultivars having the same or higher protein
content than the check cultivar. To meet this objective we analyze all the
newly developed lines for protein content. During 1992/93, we had tested 
286 newly developed lines at multilocations (Tel Hadya, Jinderess and
Terbol) and two seasons (winter and spring). Since earlier studies had 



Table 2.1.21. Performance of the elite F3/F./F 5 lines at Tel Hadya and Breda during 1992/93. 

S.No. Entry Name CIR DFLR UMAT BYLD GYLD 100 S.W GRHA PfHT FPOD EPOD 

1 85 5936-1 3 204 256 1150 441 326 58 236 142 37 5848-1 3 179 248 1020 396 27 3 44 285 703 17 5814-1 3 202 249 1230 381 24 3 63 181 454 94 5968-1 3 184 245 
 905 364 27 3 
 49 483 72

5 34 5835-2 3 199 248 1150 360 28 3 62 235 496 90 5937-2 3 205 257 1410 356 23 3 56 275 378 27 5819-1 3 201 249 1100 336 26 
 3 62 492 75
9 71 5922-1 3 197 250 1050 336 23 3 58 308 6710 83 5934-1 3 199 247 1075 336 323 58 345 5433 26 5818-2 2 178 243 705 259 21 3 42 285 28
40 28 5820-1 2 180 249 945 228 22 3 39 250 1876 2 5803-1 2 187 243 460 102 19 3 28 122 582 25 5818-1 2 178 241 400 87 
 17 4 32 480 79
46 40 IC 8262 3 200 
 252 850 210 25 3 
 60 179 19
81 21 FLIP87-69C 5 186 246 300 87 35 3 47 66 16
85 1 ILC482 7 191 245 200 70 
 29 3 37 189 9
93 70 hWO 3611 3 185 236 95 3 13 5 15 4 399 88 ILkC239 3 202 236 65 
 3 10 5 11 1 3
100 56 ILC 1929 9 0 0 120 0 
 33 3 0 0 0Mean 3.1 191.3 245.1 693.9 193.4 23.4 3.0 46.8 247.6 32.0S.E. 0.2 1.2 1.6 157.3 48.3 1.5 0.1 4.3 78.9 17.0
ISD at 5% 0.6 3.5 4.5 440.9 135.6 4.2 0.3 12.2 221.1 47.8C.V. (%) 9.6 0.9 0.9 32.0 35.3 9.1 6.1 13.1 45.0 75.2 
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indicated no significant differences in protein content between seasons,we determined the protein content of these newly developed lines grownat Tel Hadya during winter only. The protein content was at par with the
check cultivar. K.B. Singh. 

2.2. Molecular Techniques and Tissue Culture in Chickpea Improvenent 

2.2.1. Genetic Variation w.Li'in and between Varieties of Chickp,: 

Chickpea varieties released for uiltivation in Syria viz. Ghab 1, Ghab2 and Ghab 3 were fingerprLnt'c with several probe/enzyme combinationsto know the extent of inter- and intra varietal variation at the DNAlevel and to identify variety specific fingerprints. The mostinformative probe/enzyme combination was (GATA) 4/EcoRI (Figure 2.2.1).Among the three varieties only 3 bands were in common, indicating a veryhigh degree of inter- varietal variation. Five Chab 1- specific bands,5 Ghab 2- specific bands and 4 Ghab 3- specific bands were observed.These bands can be used for variety identification. 

Table 2.2.1. Estimation 

varieties. 
of genetic variation in three chickpea 

Variety Neis' similarity index 
Average Range SD 

Average number 
of alleles/locus 

Ghab 1 
Ghab 2 
Ghab 3 

0.79 
0.79 
0.83 

0.55-0.96 
0.61-0.94 
0.59-0.97 

0.0987 
0.0832 
0.1087 

1.67 
1.40 
1.69 

To estimate the intra- varietal variation Neis' similarity index andnumber of alleles per locus in a variety were calculated (Table 2.2.1).The range for the Neis' similarity index was 0.55-0.96 for Ghab 1, 0.610.94 for Ghab 2 and 0.59-0.97 for Ghab 3 indicating that all thevarieties are genptically heterogenous. Standard deviation calculatedfor individual Neis' index and average number of alleles per locus werehighest for Ghab 3, moderate for Ghab 1 and low for Ghab 2, indicatingthat Ghab 3 is most heterogenous and Ghab 2 the least. r. Weigand, W.Choumane and S.M. Udupa. 

2.2.2. First DM Marker for Resistance to Ascochyta Blight in Chickpea 
To identify DNA maikers which are linked to the gene(s) of resistance toAscochyta blight, a cross was made between the resistant line ILC 3279and the susceptible line ILC 1272. The resulting F, and F2 populationswere raised and scored for disease resistance against pathotype
(strong) on an individual plant basis. 

II 

http:0.59-0.97
http:0.55-0.96


GHAB 1 GHAB 2 GHAB 3 

4 V4 - 

to , IMt 

Figure ?.2.1. Genetic typing of Ghab 1, hab 2 and (ab 3 chickpea varieties usir the probe/enzyme oombnaticn 
(GA) 4 E/I. Each variety is represented by 8 randonly selected individuals sampled from seed 
multiplication fields. Triangles mark variety-specific bands. Molecular weight markers are shown 
in kilobases. 
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The result indicate that resistance is controlled by a single
recessive gene. The DNA was extracted from the individual F2 plants and
RFLP analysis was done using 15 oligonucleotide probes. The linkage
analysis was performed between the phenotypic trait (resistance) and
RFLPs. 	 The probe/enzyme combination (CAA) i/TaqI gave an RFLP which is
linked to a resistance locus (linkage distance 13 centimorgans). This
RFLP behaves like a dominant genetic marker (i.e. presence/absence type) ;
the DNA fragment is present in ILC 1272 (susceptible) and absent in 1WC
3279 (resistant). This DNA marker allows the selection of plants which 
are hcmozygous resistant against the pathotype II (strong) 80%with 
probability in populations derived fromF2 a cross between ILC 1272 and
ILC 3279. F. Weigand and S.M. Udupa (IC/DA); G. Kahl, P. Winter and T. 
BVnger (University Frankfurt). 

2.2.3. 	 h Amplification Fingerprinting of six Ascodiyta rabiei Isolates 
from Syria 

Forty different primers (10 meres) supplied by Operon Tech., USA, were
tested on six isolates of Ascochyta rabiei. The primers could detect 
varying levels of polymorphism (Figure 2.2.2). 

PRIMER 

M OPI.I8 OPI-19 

M 1-6 ISOLATES 1-6 

OPH.12 PRIMER OPH-13 

Figure 2.2.2. 	 DNA amplification fingerprinting of Ascochyta rabiei 
isolates (1-6) OPI-19,using the primers OPI-18, OPH-12 
and OPH-13. Lane M: molecular weight marker, lambda 
EcoRI/HindII digest. 
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The results of 12 polymorphic primers were analyzed to detect 
phylogenetic relationships (Wagner parsimony method) among the isolates 
using computer program Phylip, version 3.4. Based on the analysis, six 
isolates can be grouped into 3 groups (Figure 2.2.3): group 1 comprises 
isolate No. 1 only, group 2 cornprises isolates No. 2, 3 and 5, and group 
3 comprises isolates No. 4 and 6.
 

Isolate No. 

6 

95 

38 

38 5 

100 	 3 

2 

1 

Figure 2.2.3. 	 Phylogenetic relationships among six isolates of Ascochyta 
rabiei based on DNA amplification fingerprinting. The 
numbers at the forks indicate the number of times the 
group consisting of the isolates to the right of that fork 
occurred among the 100 bootstrap replicates. 
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This grouping based on PCR technique, viz. DNA amplification
fingerprinting shows similarity with the groupings based on RF[P
technique (DNA fingerprinting) and biological pathotyping (Annual
Reports, 1989 and 1991). F. Weigand and S.M. Udupa. 

2.2.4. Variability in Asoochyta rabiei 

Twenty-six isolates of Ascochyta rabiei were collected in Syria during
1992 and 15 isolates during 1993. They were purified, single spored and
added to the isolate collection, which now stands at 53. Here we are
reporting about the genetic typing (DNA fingerprinting) of 53 isolates
and biological typing (host- pathogen interaction) of 48 isolates. 

For the genetic typing the (GATA) 4/TaqI probe/enzyme combination was 
used. This combination could distinguish between 17 genetic groups
(Figure 2.2.4 and Table 2.2.2). Based on the DNA fingerprint pattern we 
conclude: 

1) All isolates collected during 1991, 1992 and 1393 were different from 
the isolates collected during 1982. 

2) Genetic variability exists within and across the chickpea growing
regions of Syria. 

3) Thirtythree out of the 53 isolates were not distinguishable from each
other and represent the most prevalent and homogeneous genetic group
occurring in all major chickpea growing regions of Syria. 

The experimental setup for the biological typing was further refined
during 1993. This improvement allowed us to assign a)l tested isolates
(48) to one of 3 pathotypes. The 3 pathotypes differ in their level of
aggressiveness and representative disease development curves are shown
in Figure 2.2.5. The three pathotypes are de-cribed as super strong
(SS), strong (S) and weak (W). As shawn in Figure 2.2.4 and Table 2.2.2
the most prevalent and homogenous genetic group as characterized by the
DNA fingerprinting (banding pattern H) is expressing the super strong
level of aggressiveness and is killing the cultivar with the best level
of resistance (ILC 3279) like the most susceptible cultivar (ILC 1929).
This super strong pathotype was frequently sampled in the North-East of
Syria. F. Weigand and S.M. Udupa 
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qWa 2.2.2. %vFla2i1tyin Agxh'a rabiei i :rnt cf Synia wifth toa:adtirIn a-ri 

qil]ata! YEr oE Place ci RthtWg EA firapirt 
th. cnlftin co~lstin pattan 

1 192 SffiaAarn W A 
2 -dDb- -- W B 
3 -cb- -cb- W C 
4 -cb)- -cb- S D 
5 -b-- dD W C 
6 -cb- -c-S D 
7 1991 (ab ss E 
8 -cb- Tzraa ss F 
9 -b b-S G 

10 -cb- Jinm ss H 
U1 -dD- qI1Jxu Ss H 
12 -cb- -ii- W 
13 2992 Yandity ss H 
14 -cb- -cb- WJ 
15 -dDb- -cb- WJ 
16 -d:b- -do- ss H 
17 -dcb- Jirrm ES H 
is -cb- -cb- ss H 
29 -cb- -cb- ss H 
20 -cb- Raze W K 
21 -d) c- w L 
22 -cb- -cb- W M 
23 -.<b- !Mlkh ss H 
24 -cb- -cb- Ss H 
25 *.cb- -db- ss H 
26 -cb- -db- ss H 
27 -cb- -cb- ss H 
28 -cb- -cb- ss H 
29 -c- -cb- ss H 
30 -5--c-s H 
31 -cb- Idpt H 
32 -c- -cb- it: H 
33 -cb- -cb- ss H 
34 -c- -cb- Es H 
35 -d- -b H 
36 -cb- - ss H 
37 -cb- - ss H 
38 -cb- Ibto1, leb. W N 
39 2993 Milkiab H 
40 -i--b t H 
41 -dcb- -cb- SH 

ctit'd.. 
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48 -cb- aivLcy S H
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2.2.5. Wide Crosses in Cicer species 

The wild annual Cicer species have been screened for biotic and abioticresistance genes. Soe of these species carry: a) resistance genes whichcannot be found in cultivated Cicer; b) mnltiple stress resistance; and
c) higher resistance level compared to the cultivated species. Sexual
hybrids have so far been reported only between Cicer arietinum and C.reticulatum and C. arietinum and C. echinospermum. In order to studybarriers of the interspecific hybridization two cultivar lines (ILC-482
and FLIP 84-15C), and two lines each of C. bijugum (ILWC-32, -62), C.judaicum (ILWC-46,-95), and C. pinnatifidum (ILWC-236, -171) were chosen 
for the crosses. 

For a first crossing experiment plants from the cultivar lines werecrossed with all lines of the wild species. No crossed seeds were
obtained. Nevertheless, the time from pollination to 
 flower falldiffered in some cross combinations. This indicatemay genotypicdifferences in the lifetime of successfully formed embryos. Different
culture media are being tested for their use with Cicer species.Immature embryos of C. arietinum are cultured to identify the media which

allows regeneration for the youngest possible embryos. Media have been

identified in 
 other dicot species which allow the regeneration of embryosas young as two days old. B. van Dorrestein, A. OCmmau (Agriculture
Canada, Quebec) M. Baum and K.B. Bingh. 
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Figure 2.2.4. 	 Genetic typing of Ascxxhyta rabiei isolates of Syria using (GATA) 4/TaqI probe/enzyme combination. 
Molecular weight markers are irdicated in kilobases. 
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Figure 2.2.5. Typical disease development curves for the 3 Asoochyta 
rabiei pathotypes of Syria. 
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2.3. Chickpea Pathology 

Diseases from a major biotic constraint to the productivity of chizkpea 
and to a large extent, cause instability in chickpea yields. Ascochyta 
blight caused by Ascochyta rabiei is the most serious foliar disease of 
chickpea, particularly where low temperatures (15-250C) prevail during 
the crop season. The occurrence of ascochyta blight in epiphytotic 
levels is not regular and is weather dependent. However, a good season 
for the chickpea crop is often favorable to ascochyta blight. Terefore, 
control of ascochyta blight is essential for increasing chickpea 
production and yield stability. 'The use of fungicides as foliar spray 
and in seed dressing can be of limited success in controlling ascochyta 
blight arid yet high levels of host resistance are not available. 

Fusarium wilt miusel by .'sporum f.sp. ciceri is mostcnslrium the 
important soil borne disease. Other soil borne diseases such as dry root 
rot (Rhizoctonia bataticola), black root rot (Fusariumsolani), wet root 
rot (Rhizoctonia solani), and collar rot (Sclerotium rolfsii) have also 
been reported in the region but economically, they are less important 
than fusarium wilt. In addition, stein blight caused by Sclerotinia 
sclerotiorum can also be found in areas with high rainfall and cool 
temperatures. 

The objectives of chickpea pathology is to (1) work with chickpea 
breeder in the development of high-yielding, disease-resistait cultivars 
and evaluate breeding material for resistance to the major diseases of 
chickpea; (2) collect informaticn on disease epidemiology and pathogenic 
var ability and develop disease management strategies for ascochyta 
bli:rit; (3) collect information and monitor disease incidence and 
severity in the WANA region in collaboration with the national 
scientisus; and (4) develop research collaboration with national programs 
on disease. management of ascochyta blight and fusarium wilt. 

2.3.1. Field Survey of Chickpea Diseases 

Disease incidence and severity on chickpea was surveyed in Dara'a, Hons, 
Hama, Aleppo and Hassakeh provinces in Syria. The objective of this 
survey was to evaluate the disease situation in chickpea in Syria and to 
assess disease reaction of two ICARDA developed varieties (Ghab 1 and 
Ghab 3) and three promising lines (FLIP 84-15, FLIP 86-5 and FLIP 86-6) 
that were being planted in demonstration plots in farmers fields, on-farm 
trials and on-station trials. 

Results are presented in Figure 2.3.1. Few chickpea farms showed 
disease symptoms in the Dara'a, Homs, Hama, Idleb and Aleppo provinces. 
Where disease was observed, fusarium wilt and dry root rot were dominant, 
but the incidence was usually 5-10% except in Al Ghab and Sqelbieh (Hama) 
where wilt/root rot and stem blight was 25-50%. Ascochyta blight was 
observed at only one location in the southern and central provinces. 
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Fusarium oxysporum, Rhizoctonia bataticola, Sclerotiniasc!erotiorum and
F. solani were isolated from plants showing wilt/root rot and stem blight
symptoms (Table 2.3.1). An Ascochyta sp. Phoma medigaginis type of
fungus was also occasionally associated with root and collar rot and its
pathogenicity and taxonomic status is under investigation. 

Ascochyta blight was devastating in all chickpea farms in theHassakeh province, particularly at Malkieh where all the winter and
spring planted chickpea sustained heavy loss in yield. This area had
unusually high rainfall in April and May at a period when temperatures
were cool thereby presenting environmental conditions that are highlyfavorable to ascochyta blight (Figure 2.3.2). The continuous rainfall
and cool temperatures also created excess soil moisture and created water
logqing that may not be healthy for the plants in general. The root andcollar regions sustained much rotting. Field diagnosis of the disease
based on symptoms was for ascochyta blight, but isolation of the pathogen
from the lesions on the stem showed the presence of four fungi: Ascochyta
rabiei, Ascochyta sp./Phom medigaginis, Fusarium Qyysporum
Rhizoctonia bataticola (Table 2.3.2). 

and 
The first three occurred in almost

equal proportions, but A. rabiei was dominant and is believed to be theprimary pathogen. However, possible role of the other pathogens in a
synergistic interaction can not be ignored and requires further
investigations. The taxonomic status of the Ascochyta/Phoma medigaginisfungus also needs to be clarified particularly because it closely
resembles A. rabiei morphrlogically. 

Ghab 2 was the only cultivar that showed some resistance to ascochyta
blight at Hassakeh, although it was grown at only one location in ademonstration plot at an area (Hemo station) where the blight came in
late and rainfall was not as high as at the hard hit Malkieh area. Thereis therefore need to intensify the development of several high yielding
ascochyta blight resistant cultivars that provide alternatives whenresistance in use breaks down. There is also a need to develop a 
strategy for combining high yield, stable ascochyta blight resistance and
acceptable seed size to be used in an integrated disease management
system. Identification of blight resistance for Hassakeh will start in
1993/94. Lines that have high resistance to Ascochyta blight have been

identified 
 and will be tested in the field at Hassakeh and in thegreenhouse at Tel Hadya using field isolates from Hassakeh. Single-spore
isolates derived from samples from Hassakeh will be used to determine the
pathogenic races(s) of A. rabiei. M.T. MIbaga, NARS scientists from 
Syria.
 

2.3.2. Asoochyta Blight
 

A large component of disease management of ascochyta blight depends on
host resistance. Screening for blight resistance is, therefore, a large
component of chickpea pathology. Evaluation of resistantthe lines
against individual and multiple races is also essential in identifying
durable resistance that can be used in breeding. 



Tab-le 2.3.1. Disease incidence on promising chickpea lines grown in 	 on-farm aid on-station trials in 1992/93 in
Syria. 

ProviceR Location -everage Irial Disease lnclJenoe Vatncqe 0o 
rainfall names isolated isolatioh 

(%) 
uara'a Izra a P Zbb un-station Witt 16 F. oxysparum 1U00Ghazel B - On-farm Wilt 5% F. oxysporum 100% 

Virus 1-2% 	 N/A N/AJellin A 356 On-station Stem blight 25% 	 F. oXYSinrUm 14% 
S. sc otiorm 78% 

A. blight 5% 	 A. rabiei 33%Daael A - On-farm Rcoort rat 5% 	 PhAman Asc.aniu sppF. 	 46%20%
 
Wilt 5% F. oxysrum 40%
Colar rot 5% Pha/Asc. spp? 20%B - 5 farms None Non N n 	 N/AHoms 	 Hazs A 444 On-station None None None N/A
Hama 	 Hama B 376 On-station None None None N/AAl Ghab A 699 On-station Wilt/root root 50% F. solani 54% 

Phcma? 80%
F. oxyspcxum 30% 

Wilt 25% F. oxYSj~rwn 83% 
Stem blight S scleroticrui 93%Sqelbieh A - On-farm Wilt/root rot 50% F. 	 100% 

S. s Peotnum 50% 
R. bataticola 100%
Idleb Idleb A 304 On-station Wilt/root rot 5% 	 F. ox'sprum 35% 
Phama 38%Mess B - On-farm Wilt/root rot 5% 	 F. o xos um 60% 
P=ma.7 20%

Stem blight 5% S. sclerotorum 70% 
Aleppo Kafer HMO B On-farm 55%

Atareb B 	
-s 

On-farm Sem blight 10% S. sclerotiounm 40%Hassakeh 	 Memo 576 On-station A. blight 50% PIhuna? 100% 
A. rabiei 75%

Wilt/root rot 50% 	 F. oxyspmnzm 82% 
Phoma? 75% 
R. batatioola 40%Kamishly A - On-farm Collar/root rot 50% Phoma? 47% 
F. xysporum 100%
 

D 1erprovi taron h. 	 are iie ..+ On-station trials, on-farm trials cistiz of Q ab 1, (2ab 3, FLIP 86-5, FLIP 86-6, and FLIP 84-15, N/A = No
isolation done. 
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2.3.2.1. 	 Evaluation of breeding lines for resistance to individual and 
mixed races 

out of 1615 breedinq lines developed between 1981 and 1990 and evaluated 
for resistance in 1991/92, 185 lines had a disease rating of 2-4 in the 
field and in the greenhouse. These selected lines were again tested 
against individual and mixed races in the greenhouse, and against a 
mixture of the same races in the field. 

The reaction of the lines to the different races is presented in 
Figure 2.3.3. Eighty-one percent of the lines were rated 3-4, i.e. 
resistant (R) to moderate resistant (MR), to the mixture of six race-s in 
the green house. Some 88% were R-MR to race 2, but many of these lines 
were rated 5 or 6 and a few 7 and 8, i.e. intermediate (I) or susceptible 
(s), to the other individual races, particularly to races 6, 1 and 4. 
A total of 13% of the lines were rated S and 5% had intermediate reaction 
in the field. About 43% of the lines expressed rating of 3 and 4. Four 
of these lines, that had best resistance (rating of 3) in the tield (FLIP 
88-83, FLIP 90-112, S 91233, and S 91337), were susceptible to several
 
races in the greenhouse. However, 12 lines (FLIP 84-92, 84-93, 90-73, 
90-77, 90-109, S 91241; S 91292, S 91345, S 91347, S 91348, S 91377, and 
S 91400) were R to MR to all the pathotypes included in this study, 
individually and in a mixture, in the field and in the greenhouse. These 
lines have the broad-based resistance to all the pathotypes used in this 
study.
 

The relatedness of the disease reactions from the mixed races and the 
individual races was determined by using a multiple regression analysis. 
The results showr a low coefficient of determination (R) value (0.13) 
and low regressi- ooefficients for all the races. This showed that 
reaction to the mixed races did not relate with that of any individual 
race. The results also showpxd that each race contained in the mixture 
had a small positive additive effect on the reaction of the mixture. 
Reactions of the lines in the field were compared to those in the 
greenhouse 	by using a multiple regression analysis. Results showed low
 
coefficient of determination (0.02 - 0.06) and very low regression 
coefficients with all individual and the mixed races.
 

Even chough there was no cross protection between the races, it is
 
hypothesized that the high severity of infection expected from the 
aggressive races (race 4, 1 and 6) gets modified by the mild races (2 and 
3) included in the mixture. It is, therefore, important to use 
populations of the pathogen derived from field isolates so as to 
represent the different pathotypes in the same proportions as they occur 
in nature. It is hypothesized that the original races of A. rabiei 
described in 1984 have changed over the years and the change may have 
occurred in both culture and in the field. Therefore, the races 
contained in the debris may he quite different in number and 
aggressiveness from that maintained in culture. There is need to test 
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these hypothesis. Also pathogenic variability in the screening nurseryshould be regularly monitored and methods used for storage of cultureshould be such as would not allow the pathogen to grown or mutate so thatthe original type cultures are maintained. 

2.3.2.2. Evaluation of F2-F7 generations 

The reaction of the F,-F 7 segregating populations to ascochyta blight ispresented in Table 2.3.3. In the F2 generation the R X R crosses producedmainly MR (66%) and, I (31%) reactions. The F2 bulk had 7% MR, 34% I, and59% S. In the F generation only three F4 (R x R) bulks were planted andthey were OfR and MR. the 143 other F, bulks 6% were MR, 32% were I and62% were S. In the Fj generation two bulks of (R x R) were planted andthey were I and S. In the F, progeny <1% were R, 18% were MR, 42% wereI and 40% were S. The F, progeny of large seeded (winter) had 8% MR, 55%I, and 37% S. The F, progeny early winter had 24% MR, 46% I, and 30% S.The F, and F7 progeny (desi) had 16% R, 54% MR and 23% I; no lines were 
S. 

Desi chickpeas had the highest number of R to MR in the F andprogenies. The F6highest recovery of R to MR in the kabuli F and F6progenies was 24% from the winter and early winter material. M.T. Mnbaga
and K.B. Singh. 

2.3.2.3. Confirmation of resistance 

Different chickpea lines, that had been selected for ascochyta blightresistance in the 1991/92 season, were planted in the ascochyta blightnursery in 1992/93 for confirmation of the resistancE. Results are shownin Table 2.3.4. In general, only 50% of the pre-selected resistant lineswere confirmed to be R or MR, 23% rated I and 27% accumbed to the blightwith a S rating. M.T. Mnbaga and K.B. Singh. 

General observations on the nursery revealed that disease symptimon seedlings were widespread on 1 March before any inoculation with sporesuspension was done. Spore suspension was subsequently applied 7 timesover a period of about five weeks. Infection increased gradually over
the season until the susceptible check 
was killed and supplemental mist
irrigation was stopped in the first week of May. Plant growth continuedafter mist irrigation was stopped. Scattered pockets of infected plantsdeveloped over the entire field in mid May and formed distinct focisecondary infection, ofspread on plants that had otherwise appearedhealthy. 
This was because of cool and wet weather in May that favored
rapid development of ascochyta blight at the time when plants were at a
very susceptible stage (i.e at flowering and early pod). At the time ofdisease reading, lines that were next to the susceptible checks tended
to show more infection than lines away from the susceptible checks. Manylines, including those of advanced generations (i.e. F6 and FI), showedboth susceptible and resistant reactions on the same line depending on 
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Figure 2.3.3. Reaction of chickpea breeding lines to ascocyta blight in the greenhouse and field, 1992/93. 



Table 2.3.3. 	 Reaction of F2-F 7 generation lines of chickpea to ascocyta blight at Tel 
Hadya 1992/93. 

Generation Ascocdyta blight reaction on 1-9 scale 
1 2 3 4 
 5 6 7 8 9 
 Total
 

F2 (RxR) bulk 0 0 0 	 84 39 4 0 0 0F2 bilk 	 1270 0 0 13 64 41 51 18 0F4 bilk 	 1870 0 0 8 	 46 66 19F4 (RxR) bulk 0 0 	
4 0 1432 1 0 0 0 0 0F5 (RxR) bulk 0 0 0 0 	

3 
1 1 0 0 0F5 Prog. 	 20 0 42 905 2123 1708 293 21 1 5093F5 Prg.q large, winter 0 0 0 30 206 139 3 0F5 Prog. early, winter 0 0 0 	

0 378 
252 497 283 36
F6 Prog. winter 0 0 0 	

6 1 1075
69 135 84 2 0F6 & F7 Prog. (desi) 0 0 18 61 27 	

0 290 
6 1 0 0 113Total 
 0 0 62 1423 3138 2332 405 49 2 7411 

SDisease rating 1-3 = resistant, 4 = mderate rest , 5 = intermediate, 6 and above 
= susceptible. 



Table 2.3.4. Reaction of pre-selected resistant lines to Ascxxhyta blight. 

Lines Ascochyta bliqht reaction on 1 to 9 scale
 
1 2 3 4 
 5 6 7 8 9 Total 

Mutants 0 0 0 0 13 24 28 10 4 83DemDnstration 0 0 0 4 0 0 0 0 1 5Kabuli* (ICRISAT) 0 0 0 5 1 1 5 0 0 12Desi" (ICRISAT) 0 0 32 63 12 5 5 0 0 117FLIP lines 0 0 1 195 97 57 3
PYT 

0 0 353 1)
0 0 1 018 77 48 22 21 14 291
CIYT-MR 0 0 0 8 7 3 3 0 0 21CIYr-Sp 0 0 0 36 18 13 7 6 2 82CIYT-SL 0 0 0 13 7 1 0 0 0 21CISM-W 0 0 2 28 17 13 0 0 0 60CICN-SL 0 0 0 37 7 4 1 0 0 49CIABN 0 0 5 28 14 3 0 0 0 50Toyta! 0 0 41 534 270 172 74 37 21 1149
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the position and size of the infection foci. Whenever there was no 
homogeneous disease development on a line, the higher rating was given. 

The tendency of plants to recover from infection by new compensatory
growth is independent of genetic resistance. It may, however, obscure 
the rating -f damage by diseases and result in the rating of false 
resistance. In the 1992/93 season, the cool wet weather in mid May
favored ascochyta blight development on the compensatory growth and 
reduced the opportunity for disease escape, but the patchiness of the 
secondary infection indicates that some disease escapes may have still 
occurred. 

Steps needed to improve the efficiency of resistance screening
include: 1) Facilitate disease development at flowering and pod filling.
2) Increase the uniformity of disease spread during flowering by
providing uniform inoculum in the form of spore suspension, and 
increasing the number of lines of susceptible checks between the test 
entries; and maintaining the susceptible check at a disease rating of 
about 7 or 8 by increasing the number of check genotypes giving a broader 
range of disease reaction type so as to provide source of secondary
inoculum and reference points for disease reading. (3) Conduct a baseline 
disease reading at the time the mist irrigation is stopped before 
compensatory growth occurs. M.T. Mubaga. 

2.3.2.4. Pathogenic variability of A. rabiei 

Pathogenic variability of A. rabiei has been frustrating the efforts to 
control ascochtya blight with host resistance. While quantifying the 
variability is important, results so far available are not easily
comparable and races frcm different places are not comparable without 
additional work because they have been differentiated using varied 
differentials, environmental conditions and disease rating scales. This 
hampers exchange of information on race-specific resistance and slows 
down progress on resistance breeding that uses gene pyramiding system. 

The objectives of this study were to initiate the standardization 
of methodology used in race identification and to test the virulence 
pattern of the ICARDA isolates and races on the available cultivars used 
by different researchers for race identification. Since studies on 
pathogenic variability require homogeneity of the differential varieties,
single plant selections were done to generate seed source; seed 
multiplication was done in off-season planting. The available single
spore isolates and new isolates from the 1992/93 collection will be 
evaluated in the 1993/94 season. This will complement the work on 
molecular-marker assisted study on variability in the ascochyta blight
fungus (section 2.2.4). 

The question whether the isolates of A. rabiei differ in form of 
pathogenic races or in aggressiveness has not been settled and a 
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demonstration of the existence of either races or differences in 
aggressiveness is important. The six 'races' of A. rabiei were used to 
evaluate resistance of 185 breeding lines in the 1992/93 season. 
Pathogenetic variability of the six races was demonstrated on many of 
these lines, and 18 lines gave clear cut differentiation of the 6 races 
as shown on Table 2.3.5. A cluster analysis was conducted to show the 
relatedness of the six races in their pathogenicity on the 185 breeding
lines an dlso to show their similarity and dissimilarity. 

The relatedness of the individual races is presented in a dendrogram
in Figure 2.3.4. Races 1, 4, and 6 and, to come extent, race 5 clustered 
together. They were similar to one another in their aggressiveness and 
produced the highest mean disease score on the 185 lines. Race 2 is very
mild in pathogenicity and 76% of the 1985 lines rated 2-3 to this race,
but many of the same lines rated 6 and a few 7 and 8 to races 6, 1 and 
4. Even though races 4, 1 and 6 were similar in their aggressiveness, 
they differed on the reaction they incited on different lines as shown 
in Table 2.3.5. These results indicate that the pathotypes in A. rabiei 
can be defined by both their virulence pattern on a set of differential 
lines i.e. races, and also in their aggressiveness which is demonstrated 
in Figure 2.3.5. M.T. Itabaga and K.B. Bingh. 

Table 2.3.5. 	 Disease reaction of eighteen lines of chickpea to 'races'
 
1 to 6 of Asoxchyta rabiei.
 

Chickpea Disease reaction (1-9 scale) 
genotype* Race 1 Race 2 Race 3 Race 4 Race 5 Race 6 

ILC 72 4 2 4 5 3 4
 
ILC 187 6 2 3 4 4 6
 
FLIP 82-97 6 2 3 7 6 7
 
FLIP 82-243' 6 6 4 8 6 6
 
FLJP 83-118 6 5 4 8 2 7
 
FLIP 84-76 4 2 3 3 3 7
 
FLJP 84-92R 4 2 3 4 3 4
 
FLIP 84-93R 4 2 4 3 4 4
 
FLIP 85-99 4 2 2 6 3 2
 
FLIP 88-83 6 2 3 6 3 8
 
FLJP 90-97 3 3 4 8 3 3
 
FLIP 91-235 6 3 2 4 3 3
 
FLIP 91-257 6 4 3 7 2 4
 
FLIP 91-281 4 2 2 3 4 6
 
FLIP 91-316 2 5 3 3 4 4
 
FLIP 91-335 3 2 3 3 6 3
 
FLIP 91-354 3 2 3 3 6 6
 
FLIP 91-380 4 2 4 7 3 4
 

* R indicates 	resistant control, S indicates susceptible control. 
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Rescaled distance cluster combine
 
CASE
 

Label Seq 0 5 10 15 20 25
Lae Sq L I I II 

PH-RI 1
 

PH-R4 4
 

PH-R6 6
 

PH-R5 5
 

PH-R3 3
 

PH-R2 2
 

Average linkage using Euclidean measure.
 

Figure 2.3.4. Cluster analysis to show the similarity of six 'races' of 
Ascochyta rabiei. 

2.3.2.5. The role of talicmorphic stage of A. rabiei in Syria 

The telimorphic stage of A. rabiei has been reported in Syria, butfollow up studies on its role as a source of long-distance movement ofprimary inoculum or/and source of genetic diversity have not been
oonducted. The objective wasof this study to assess the potential ofthe telicmorphic stage as a source of primary inoculum and long distance 
movement of A. rabiei in the air. 
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Biological indicators and sticky slides for trapping spores wereused to assess the distance of A. rabiei novement from chickpea growingarear to areas where chickpea was not grown. Blight infested debris fromthe previous season was also collected from the field during the months
of Febrary to April to look for the presence of ascospores. Ascosporeswere observed in all debris saniples, but they were not fully developed
in February. Observations in March and April showed well developed
ascospores and some empty perithecia indicating that some escospores had 
already been released. 

Plants placed 15-35 km away from the nearest chickpea fields
developed stem lesions of ascochyta blight. Plants placed long distance away from chickpea fields had highest infection incidence during
February and early March exposure 

the 
and less in.ection was observed onplants exposed in late March. This could be caused by windy showers inFebruary and that would theearly March carry inoculum long distance.

The release of ascospores in other areas may have also taken place inFebruary and early March. Ascochyta blight infection was assessed by thepercentage of plants that developed typical stem lesions of A. rabiei.The disease severity was low and indicated that inoculum density in theair was low and that a longer period of plant exposure to inoculum would
give better assessment (Table 2.3.6). 

Few ascospors that were morphologically similar to that of A.rabieiwere observed on trap slides in February only. Other forms of airberne inoculum trapped on slides were (i) minute pieces of debris that were infested with ascochyta, sometimes containing a fruiting structure

(pycnidia/perithecia); 
 (ii) large clusters of conidiospore, and (iii)some thick walled mycelia that cleaved at the area of septation andreleased oidia type of segmetats on water agar. All these were isolatedand purified in culture and gave rise to morphologically typical A.

rabiei cultures. Pathogenicity 
tests to complete Koch's postulates will
be conducted to confirm their role as sources of air-brne inoculum. 
M.T. Hzbaga. 

2.3.2.6. The spread of asoochyta blight from the infection focus 

Infested debris and seed theare two most important sources of primaryinoculum for ascochtya blight, producing several infection foci fromwhere the disease spreads. The frequency of seed transmission can bevery low. Seed transmission ensures a random distribution of the
pathogen in a field, that provides many primary infection-foci from which
the pathogen can spread. The objectives of this study was to determinethe distance of spread of secondary inoculum from the infection focus andto estimate the frequency of infection foci necessary for epiphytotic
disease development under the Tel Hadya conditions. 



Table 2.3.6. The incidence of ascochyta blight on indicator plants after exposure to open air at 
different locations and distances frm dickpea farms. Fortyfive to 50 plants were 
exposed in 8-10 pots. 

location Distance from Percentage of plants infected from one week exposure to 
lickpea air-borne inoculum 

plants Feb Feb 27- Mar Mal Mar 27
21-27 March 6 13-21 21-27 Apr 14 

Tel Hadya (AIO) 0 Frost kill 50% 1% 60% 20% 
Tel Hadya (A16) 0 Frost kill 50% 16% 74% 24% 
Tel Hadya (C) 0 Frost kill 10% 11% 19% 13% 
Tel Hadya (Hill top) 0.5km Frost kill 100% 0 27% 27% 
Mohandesin area 15km Frost kill 10% (leaf) 4% 8% 0 
Aleppo 30km 100% 20% 4% 0 0 
Aleppo 32km Frost kill NT* 7% 3% 0 
Aleppo 35km 60% 10% 2% 0 0 
Control 0 0 0 0 0 

* NT = Not tested. 
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Two infection foci, 2m2 each and 26 m apart, were developed in a 3600
m? field planted with a blight susceptible culture ILC 1929. Plants in
the marked infection foci areas were inoculated with blight-infested
debris and spore suspension of mixed races of A. rabiei on March 5. The
spread of infection from the infection foci was assessed, twice a week,
by following the infection development on non-inoculated plants, and by
measuring the direction and distance of conidiospores spread using trap
slides. Infection development on non-inoculated plants was first
assessed by a preliminary survey of the experimental field to get an
overview of the distance and direction of spread. The results are
presented in Figure 2.3.6. The infection severity at different radial
distances from the infection focus was evaluated using a sampling square
that covered 41-45 plants. Percentage of plants that had disease 
symptoms was counted ard severity rating was done on 1-9 scale.a
Results are presented on Tables 2.3.7 and 2.3.8, respectively, for plot
A and B. All disease spread took place in the month of May. 

Temperatures were favorable for disease development (15-250C) in the
last week of March and the whole of April, but disease did not spread
from the infection foci because of dry conditions during this period
(Figure 2.3.7). Spread of infection to nor-inoculated plants was
observed ten days after sprinkler irrigation (1 hour daily for 10 days).
Infection spread over time included the formation of numerous secondary
infection foci that increased in number and size and covered the entire
field over a period of one month after which temperatures (>30 0 C) became 
limiting (Figure 2.3.6). The number of plants that got killed by blightincreased radially from the infection foci and the spread was farthest 
following the predominant wind direction (Figure 2.3.8). 

Conidiospores were dispersed in singlets and in clusters of varying
sizes. The number of conidiospore dispersed in singlets was fairly
consistent in the different samples taken on the same date (c.v. 15-25%),

but the number and size of clusters of conidiospore were highly variable

from one slide to another (c.v. >100%) (Tables 2.3.9 aixl 2.3.10). The
distance of spread of clustered and single conidiospore was similar and
reached 23 meters from the edge of the field, the farthest distance ofsampling. Conidiospore in clusters usually have higher inoculum
potential and can spread a longer distance and survive adverse conditions 
better than spores in singlets. 

Plants in the infection foci formed only 0.002% of the plants in the
3600 m2 experimental plot area, and favorable conditions occurred for only
or- month of the season when plants were at flowering and early pod
fon.ation. If the same percentage of infected plants had resulted from
infected seed, the primary infection foci would have been smaller in
size, but more numerous and distributed over the entire field. These
results indicated that an epiphytotic disease development, similar towhat has been presented, could result frcm only 0.002% infected plants,
if a cultivar is susceptible and environmental conditions are similar. 
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Table 2.3.7. Spread of ascochyta blight in the field measured by % of plants infected (%INF) and disease 
severity (DS) on all diseased plants at different distances from infection focus A'. 

Date of Distance of spread from the infection focus 
assessment 3m 6m 9m 12m 

No. of %INF DS No. of %INF DS No. of %INF DS No. of %NF DS 
plants plants plants plants 

12.5.1993 Mean 43.67 91.59 3.31 43.33 65.50 2.24 43.33 39.17 1.61 - -

SE + 0.27 3.77 0.39 0.27 7.40 0.15 1.52 9.92 0.24 - - -

16.5.1993 Mean 42.33 96.01 4.38 41.00 71.31 2.69 42.33 42.12 1.81 - - -
SE + 0.72 2.33 0.52 0.00 6.23 0.15 0.72 14.51 0.31 - - -

23.5.1993 Mean - - - 42.67 84.16 4.10 41.33 64.57 2.30 41.33 56.58 2.28 
SE + - - - 0.54 5.56 0.68 0.27 7.54 0.34 0.27 13.75 0.59 

26.5.1993 Mean - - - 42.33 9.1944.73 41.00 77.07 2.77 42.67 72.07 2.81 
SE + - - - 0.72 3.50 0.61 0.47 5.47 0.38 0.54 10.43 0.71 
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Observations were made at 02:00, 08:00, 14:00 and 20:00 hours each day. 
Figure 2.3.8. Frequency of wind directkr, April ad May 1993. Observativs were made at 02:00, 08:00,14:00 and 20:00 hours each day.
 



Table 2.3.8. Spread of ascochyta blight in the field measured by % of plants infected (%INF) and disease
severity (DS) on all diseased plants at different distances frcr infection focus 'B'. 

Date of Distance of spread from the infection focus 
assessment 3m 6m 9m 12m 

No. of %INF DS No. of %INF DS No. of %INF DS No. of %INF DS
 
plants plants plants 
 plants
 

12.5.93 Mean 43.33 88.31 2.66 43.00 68.42 2.10 45.00 46.36 1.70 - - -
SE + 0.54 5.11 0.24 0.47 6.66 0.18 0.94 6.37 0.21 - - -

16.5.1993 Mean 45.33 88.34 3.41 41.33 84.76 2.70 45.00 60.25 3.35 - - -
SE + 1.36 7.07 0.27 0.27 4.62 0.21 0.82 5.63 1.09 - - -

23.5.93 Mean 
SE + 

-
-

-
-

-
-

42.33 
0.27 

90.47 3.47 
5.14 0.61 

42.00 
0.47 

64.50 2.47 
8.73 0.40 

41.33 
0.27 

28.32 
12.44 

1.3 
0.1 

26.5.1993 Mean 
SE + 

-
-

-
-

-
-

41.67 
0.72 

96.82 4.23 
2.59 0.60 

42.33 
0.27 

79.70 3.33 
7.92 0.57 

41.33 
1.09 

51.29 
8.90 

1.8 
0.2 



Table 2.3.9. 

DateNo. 

28.4.1993 Mean 
CV% 

4/5/1993 Mean 
CV% 

10/5/1993 	Mean 

CV% 


18/5/1993 	 Mean 

CV% 


25/5/1993 	Mean 


Number of spores trarEd on sticky slides placed at different distances 
infection focus. 

of snores at different distances radial to thei-fcton focus2m 

24.75 
21.64 

3m 

-

-

4m 

23.25 
29.55 

5m 

-

-

IBm 

- .. 

23m 28m 33m 38m 

14.00 
16.50 

-
-

11.25 
24.38 

-
-

-
- -

- -
-

-
-

11.42 
22.75 

-
-

10.33 
29.91 

-
-

-
- -

-
-

- 0.50 
100.00 

12.71 
110.01 

4.50 
135.63 

4.40 
58.56 

5.50 
63.64 

- -

frm an 

43m 

-

11.0
 
90.00
 



Table 2.3.10. Number of clusters of conidiospores traz:.ped on sticky slides placed at different distances 
fron the infection foci. 

Date No. of spores at different distances radial to the infection focus 

-

2m 3m 4m 5m l8m 23m 28m 33m 38m 43m 

28/4/1993 Mean (A) . .. . 
(B) . .. . 

4/5/1993 Mean (A) .. ....... 
(B) 0.27 - 0.18 ...... 

CV% (A) - - - . 
(B) 2i;o.08 - 316.23 ...... 

10/5/1993 Man (A) . - - .-
(B) - 1.67 - 0.58 ...... 

CV% (A) - - - . 
(B) - 78.74 - 130.15 .... .. 

18/5/1993 Mean (A) 
(B) 

CV% (A) 
(B) 

-

-

-

-

-

-

-

-

-

-

-

-

0.50 
0.50 
100.00 
100.00 

1.57 
4.14 
112.00 
144.50 

0.25 
1.00 
173.21 
173.21 

0.60 
0.60 
133.33 
200.00 

0.00 
0.50 
0.00 
100.00 

0.67 
2.67 
70.71 
155.92 

25/5/1993 Mean (A) - - - - - - -
(B) . .......
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The percentage of infected plants obtained after seed treatment withbencmyl, thiabendazole, captan, calixin, maneb and thiram applied singlyand in oambinations is often still 1-2%. These results confirm that anintegrated approach that reduces the rate of disease spread is necessaryto control ascochtya blight. The results also indicate that inoculum caneasily move from one to another farm. M.T. Mmbaga, W. Ka'ade and W.
Khmry (Lebanese University). 

2.3.3. The Fusariun Wilt-Sick Plot 

In order to be able to screen chickpea germplasm and breeding materialfor root rot and wilt there was a need to develop a sick plot. Effortshave been underway for seascnslast 2 to develop such a plot. Plantsthat had been inoculated with the chickpea wilt pathogen in Oct 1992 didnot develop typical symptoms of vascular wilt, perhaps because thetemperatures ware tco low for Fusarium wilt development. In order toassess the presence and level of Fusarnoxyspornm f. sp ciceri inoculumin the soil, the 2 h sick plot was dividec into INx 5 plots. About 20plants that showed mild unclear symptoms and 20 healthy looking plantswere uprooted from section andeach diagnosed for the presence of F.oxysporum in the collar and the stem regions by using culture technique.The maximum incidence of F. oxysporum in culture was 38%, mainly from thecollar region, from only small part of the sick plot.a F. oLysporum wasnot observed in same areas, while other areas had dry root rot pathogen(Rhizoctonia bataticola) well expressed in symptoms and in culture 
isolation. 

Another planting and inoculation were done in Nov 15, 1992 using thesame isolate and procedure. Wilt symptoms were expressed very late whenthe crop was in full podding. The observations suggested that either theinoculum density in the soil was still low, or the isolate in use was notaggressive or the inoculation procedure or the amount of inoculum beingadded in the new planting did not have much impact. 

The sick plot was mapped out according to the status of inoculumpresent in the soil as shown in Figure 2.3.9. Section A had the highestaverage amount of wilt pathogen (38%) and only 2%dry root rot. SectionB had both wilt (30%) and dry root rot (20%) pathogen. Section C hadmainly dry root rot (18%) and only 1% fusarium wilt- Since dry root rotis also a problem in farmers fields, either occurring alone or associatulwih wilt, it was found unnecessary to eliminate it from the sick plot. 

The three sections will be developed in stages, starting withsection A, followed by section B and then C. This will reduce the er-abeing inoculated at any one time and will permit to concentrate thedevelopment of more uniform inoculum in that section soil. Fane overlapof the sections under development will occur during the normal plantingseason and off-season planting will continue until the entire field has 
been fully developed.
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Highly aggressive isolates of fusarium wilt pathogen were obtained 
from four fields in Jinderess in May 1993. Pure cultures and infected 
stAm pieces from Jinderess were used to inoculate section A of the sick 
plot in June 1993. Infecting seed 3-4 h before planting ensures a high 
wilt incidence that generates infected debris to be plowed back into the 
soil. Therefore, seed for planting was coated with macerated conidia and 
mycelia before planting. A mixture of three susceptible varieties (ILC 
482, FLIP 83-48 and IIC 1929) in equal proportions by weight were used 
for planting. 

0.6h 
Fusarium wilt 

0.7h 0.7h 
Dry root rot Fusarium wilt & 

dry root rot 

Figure 2.3.9. The wilt and root rot sickplot at Tel Hadya. 
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Other isolates collected from Kamishly and Hama areas were
multiplied in culture and used to inoculate seed for a similar off-season 
planting done in Oct 1993. The inoculum density and uniformity of
inoculum distribution on section A will be assessed using ILC 482 in 
spring 1994. his procedure generated wilt incidence of about 75% within 
one month in the June planting. M.T. Mmbaga and K.B. Singh. 

2.4. Chickpea Entom1ogy 

Studies on control methods and host-plant resistance to chickpea
leafminer, Liriomyza cicerina Rondani, were continued. As for the past
2 years damage by podborer, Helicoverpa armigera Hb., has been 
increasing, all experiments were also evaluated for podborer damage. 

2.4.1. Population Dynamics of Chickpea Leafminer and its Paasitoids 

Chickpea leafminer pcpulations were sampled by D-Vac in winter- and 
spring-sown chickpea plots at Tel Hadya. In winter-sown chickpea
leafminer started occurring in early April, reached a first peak in early

May and a second in late May before crop maturity (Figure 2.4.1). In
spring-sown chickpea leafminer appeared slightly later, in mid April, and 
did not show two peaks typifying two generations, but rather a continuous 
build-up reaching a peak in mid May. Population of parasitoids, mainly
Opius monilicornis and Diglyphus isaea, followed same asthe trend the 
population of leafminer (Figure 2.4.1). S. Weigand and A. Joubi. 

2.4.2. Monitoring of Podborer 

Because of the high pod damage in 1992 season monitoring of podborer
populations by pheromone traps was continued after chickpea harvest in 
cotton fields and in 1993 also in tomato crops planted near the previous
chickpea fields. 

In 1992 the catches in most traps in Tel Hadya were low, except for
field B 4 where high numbers were recorded, especially in the beginning
of the season (Figure 2.4.2). As this field is closer to the fields
planted with sunmr crops outside the station, the high c;tches in
April/May might reflect the adults moving in from their overwintering
sites. In cotton the highest number of podborer were recorded in Tel 
Hadya village reaching over 1200 moths per trap. In the chickpea fields 
outside Tel Hadya high podborer numbers were only caught in Al Ghab, but 
in northern Syria (Alkamiye, Afrin and Jind-_ress) numbers were low. 

In 1993 pheromone catches were similar at Tel Hadya stat )n. In 
cotton fields around Tel Hadya high numbers of podborer were recorded in 
Zitan in May and in Banus in September, where populations were low last 
year (Figure 2.4.3). Banus is located near Hadya, thus highTel the 
population recorded in late September can be expe,--ted to invade Tel Hadya 
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station after hibernation. In the chickpea fields outside Tel Hadya high 
numbers of moths were caught in Al Ghab area, especially in Sheikh 
Yousef, but also in Alkamiye, where numbers were low in 1992. 

Winter chickpea 

No. of adults 16 m row 

I Leafminer 
80 j 	 Parnlids 

60

40

20.
 

0
28/3 1/4 5/4 12/4 15/4 22/4 27/4 I/5 6/5 9/5 13/5 17/5 20/5 23/S 27/5 2/6 

Dates
 

Spring chickpea
 

No. of adults /6 m row
 

Learminer 
80 - Parasihoids 

60 

40 	 / 

/ \ 

20.. 

283 1/4 5/4 12/4 15/4 22/4 27/4 1/5 6/5 9/5 1./5 17/5 20/5 23'/5 27'/5 2/6 

Dates 

Figure 2.4.1. 	 Development of population of adults of leafminer and 
parasitoids, as sampled by D-Vac at different sampling 
dates in wintkr- and spring-sawn chickpea at Tel hadya, 
1992/93. 
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Figure 2.4.2. Phertmone trap catches of podborer, Helicoverpa
chatmigera, in chickpea fields at Tel Hadya station (A),
farmers otton fields around Tel Hadya (B) and chickling
on-farm trials (C), 1991.92. 
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Figure 2.4.3. 	 Phercmone trap catches of podborer, Helicoverpa 

charmigera, in chickpea fields at fel Hadya station (A), 
farmers toMato and cotton fields (Banus and Zitan) and 
cotton fields (Jitkass and Zerbe) around Tel Hadya (B)
and chickpea on-farm trials and following cotton fields 
(C), 1992/93.
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The data show the high variation in H. armigera populations in
regions and years indicating the iqmortance of monitoring. Because of
its wide host range management of podborer should be considered in a 
systems perspective as the damage on chickpea is linked to the 
surrounding crops. B. Weigand and A. Joubi. 

2.4.3. Chemical Control of Leafminar and Podborer 

The effectiveness of neem (Azadirachta irdica) seed extract applications
as a safe chemical for leafminer and pcdborer control was further tested 
in winter- and spring-sown chickpea at Tel Hadya and in spring chickpea
at 3 on-farm locations (Afrin, Sqelbiye and Sheikh Yousef). Three sprays
consisting of 0.5 kg neem seads per 10 1 water at a rate of 500 1/ha
applied in late Aipril, early May and 	 late May were compared with one 
spray of Thiodan 35 EC (2 oc/l at 500 1/ha) applied in early May. Check 
plots were sprayed with water (500 1/ha) on the same dates as the neem 
extract. At Tel Hadya, in addition sprayone of Decis 25 (1 cc/i) and 
one. and two sprays of a Bt product in winter- and spring chickpeas,
respectively, were tested for podborer control. 

At Tel Hadya, in winter chickpea, the leafminer damage was medium 
reaching a Visual Damage Score (VDS) rating of 5.3 aon 1 to 9 scale and 
was reduced significantly only by Decis (Table 2.4.1). Podborer damage 
was less severe than last year ",ith only 7 % pods damaged in the check,
but still significantly reduced by spray of neem only. The Bt spray did 
not have any effect; Thiodan and Decis slightly reduced the pod damage,
but not significantly. Yield differences were not significant. 

In spring-sown chickpea leafminer damage was about the same as in
winter chickpea (Table 2.4.1). The mining was significantly reduced by
Thiodan and Decis, whereas neem and Bt did not have any effect. Although
podborer damage was low, it was reduced significantly by all treatments. 
Seed yield was significantly increased by Thiodan and Decis. 

Table 2.4.1. 	 Effect of three applirations of neem-seed extract, and one 
spray of Thiodan 35EC, Decis, and Bt on leafminer 
infestation (VDS), pod borer damage and seed yield (kg/ha) 
at Tel Hadya in winter- and spring-sown chickpea, 1992/93. 

Wijter Sprina
Treatment VDS %pod Seed VDS %Pod Seed 

(17 April) damage yield (2 June) damage yield 

New 4.5 1.8 1741 5.3 0.6 1071 
Thiodan 4.5 4.5 1626 2.3 0.3 1150 
Water 5.3 16997.0 	 5.3 4.9 1053
 
Decis 2.8 3.9 1801 2.0 0.6 1173
 
Dipel (Bt) 5.3 8.7 1758 5.8 3.0 1059 
LSD 5% 1.95 5.14 122.5 1.73 1.42 61.4 
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At the on-farm locations leafminer damage was low at Afrin (VES 3), 
relatively high at Squeilbiye and Sheikh Yousef (VDS 5.5 and 6, 
respectively). At all locations the damage was reduced by neem spray, 
but differences were not significant. At Sqelbiye and Afrin podborer 
damage was low (3.5% and 1.5%), but still reduced by neem spray (Figure 
2.4.4). Only at Sheikh Yousef rod damage was high with 15.7% and reduced 
to 1.5% in neem-sprayed plots. Thiodan also reduced pod damage, but less 
effectively than neem spray. At Sqelbiye seed yield was significantly 
increased by neem, at Sheikh Yousef by neem and 'hiodan, whereas at Afrin 
yield differences were non-significant. 

% pod dallnage
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5 

0 
Sqeilblye Sheikh yousef Afrin 

Seed yield (t/ha)
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Sqeilblye Sheikh yOUser Afrin 

Figure 2.4.4. 	 Effect of 3 applicatinns of neen-seed extract as cnpared 
to one spray of Thicxian 35 DC on podborer infestation and 
seed yield in spring sown chickpea at 3 locations, 
1992/93.
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These results confirned the results of the previous two years,neem extract effectively reduces the perc'nt pod damage in 
that 

chickpea, butis less effective for control of leafminer. Next season a new commercialsynthetic neem product produced in India will be tested, as this wouldmake the application of neem practical in coutries where the neem tree 
cannot be grown. 

To study the effect of neem on the leafminer parasitoids leafminerand parasitoid populations were monitored by D-Vac sampling at Tel Hadya.In winter- and spring-sown plots differencesno in the number of bothleafminer and parasitoids were recorded in the treatments (Figure 2.4.5).However, in this sampling the number of insects was low as compared tothe D-Vac sampling in Figure 2.4.1. Most likely, this is due to samplingin different rows each time in border plots for the general population
monitoring, whereas in the experiment the same row was sampled each ti" 2which would continuously reduce the number of insects. Next season,sampling will be done less frequently and an unsprayed check will beadded to the water sprayed one to exclude the possibility that the water sprays reduce leafminer and parasitoid populations. S. Weigand and A. 
Joubi. 

2.4.4. Host-Plant Resistance to Leafminer 

Of the previously selected 8 prcnising chickpea lines three (ILC 1216,IC 3828 and IZ 5901) were grown in winter and spring together with thesusceptible check (ILC 1929) without and with one application of Thiodan 
35 BC (2 cc/i). 

Leafminer infestations were monitored by placing water filled traysbetween chickpea rows to collect larvae dropping from leaves to soil forpupation and by counting the percent mining in 10 plants per plot. Inwinter-sown chickpea plots without insecticide application, the numberof larvae per tray was highest in ILC 1216 at most sampling datesexceeding the susceptible check, whereas no differences existed between
the other 3 lines (Figure 2.4.5). 
 In spite of the high number of larvae,the percent mining in ILC 1216 was This waslow. also found last season
and is probably due to the late maturity of ILC 1216 which continues

vegetative growth when the susceptible IIW 1929 is maturing thereby
reducing the percent mined leaves. However, in spring-grown plots thenumber of larvae and the percent mining was also hign in ILC 1216 showingthat this line cannot be considered as resistant. In winter- and springgrown plots ILC 5901 had the lowest number of larvae and percent mining,but only in spring differences were significant. Thus ILC 5901 remainsto be the most resistant to chickpea leafminer and will be tested on
farmers fields next season. 

The percent pod damage was rather low this season, ranging between5.5 and 7% in winter and 2 and 4 % in spring without significantaifferences between lines and treatments. Except for 3828ILC seed 
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yields were higher in winter sowing in all treatments. Significant 
differences in yield were only found between chickpea lines but not due 
tc insecticide application. Yields of ILC 1929 were significantly higher 
than of the oth -x three lines. S. Weigand, K.B. Singh, and A. Joubi. 
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Figure 2.4.5. 	 Effect of 3 applications (arrows show date of spray) of 
neem-seed extract as compared to one spray of Thiodart 35 
DC on leafminer and parasitoid populations in winter- and 
spring-sown chickpea, Tel Hadya, 1992/93. 
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3. LWI'f nGoROVDI 

Average lentil yields are low because of poor crop management and the low 
yieid potential of landraces. In South Asia and East Africa diseases are 

also a major constraint to production. Accordingly an integrated 
approach to lentil improvement is being pursued at ICARDA covering the 
development of both improved production technology and genetic stocks. 
A high priority has been placed on transferring to national programs the 
results of research on lentil harvest mechanization systems to reduce the 
high cost of harvesting by hand in the West Asia and North Africa region. 
Agronomic research to develop improved production practices is conducted 
in coordination with the Farm Resource Management Program, and is 
extended to the region via the International Testing Network. Increasing 
the biologically-fixed nitrogen in the wheat-based cropping system is the 
aim of activities in Rhizobium research and Sitona weevil control. 

3.1. Lentil Breeding 

Lentil breeding at. ICARDA focuses on three contrasting agro-ecological 
regions. The importance of the regions in term of lentil production and 
the allocation of resources in breeding are summarized together with the 
respective breeding aims in Table 3.1.1. 

Table 3.1.1. Major target agro-ecological regions of production of 
lentil together with the allocation of resources in 
breeding and key breeding aims. 

Regio-n % of lentil area % of Key characters 
in developing resources for recabination 
countries 

Mediterranean 24 75 Biomass (seed + straw), 
low to medium attributes for mechanical 
elevation 	 harvest, wilt resistance
 
S. Asia and 51 20 	 Seed yield, early maturity 
E. Africa resistance to rust,
 

ascochyta and wilt
 
High elevation 14 5 	 Biomass, winter hardiness, 

attributes for mechanization 

3.1.1. Base Program
 

3.1.1.1. Breeding schme
 

The breeding program is divided into three streams directed toward the 
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three target, agro-ecological zones mentioned above. A description ofthe scheme of breedir was given in the ICARDA Annual Report 1985 (Pages
206). 

Approximately 250 crosses are made annually and handled in a bulkpedigree system using off-season generation advancement. This season weused Terbol Station in Lebanon at 950 melevation for the summer nursery.Segregating Populations targeted for the different regions aredistributed through the International Testing Network to nationalprogLams for selection and cultivar development in situ. Lines withspecific characters are distributed in the same manner. 

3.1.1.2. Yield trials 

Selections from the breeding program for West Asia and North Africatested in preliminary and advanced yield trials 
are 

at three locationsvarying in their annual average rainfall, namely Breda (long-term averageannual rainfall total c. 260 mm) and Tel Hadya (c. 330 m) in SyriaTerbol (c. 550 mnm)in Lebanon. winter of 
and

The 1992/93 season was colderthan average with 54, 48, and 83 frost nights recorded at Breda, TelHadya and Terbol, respectively. he rainfall was thebelow lor-termaverage in Syria but well distributed, whereas it was above average atTerbol in Lebanon with 285, 276, and 664 mm received to the end of Mayat Breda, Tel Hadya and Terbol, respectively. Bicmass mean yields were3.4 t/ha at Breda, 4.1 t/ha at Tel Hadya and 6.2 t/ha at Terbol. Thesame trend was observed for seed yield production with 1.1, 1.6 and 2.5t/ha realized at Breda, Tel Hadya and Terbol, respectively. A summaryof the results of the yield trials is given in Table 3.1.2. 

For seed yield the percentages of lines significantly outyielding thebest check at P = 0.05 were 12, 2 and 4 % at Terbol, Tel Hadya and Breda,respectively. More test lines merely ranked above the best check forseed yield, representing 1516, and 28 % of the total lines tested atTerbol. Tel Hadya and Breda, respectively. The results for bicmass
follow the same pattern as for seed yield. 
 W. Erskine. 

3.1.1.3. International nurseries 

The lentil international breeding nurseries have evolved in response tothe needs of NARSs from the provision of untargeted yield trials to adiversified array of crossing blocks/resistant sources, segregatingpopulations and yield trials for each of the three major target agroecological regions of production (Table 3.1.3). Since 1987, for example,we have diversified and targeted tie supply of segregating material fromtwo into four different nurseries - Cold Tolerant, Large-seeded, Smallseeded and Early. In the same period, new nurseries of stress resistantmaterial have been launched against rust, Ascochyta blight, Fusarium wilt
and cold. 
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Table 3.1.2. Results or the lentil yield tri.als (preliminary and 
advanced) for seed (S) and biomass (B) yields (kg/ha) at 
three contrasting rainfed locations; Terbol (Lebanon), Tel 
Hadya and. Breda (Syria) during the 1992/93 season. 

Location Terbol Tel Hadva Breda 
S B S B S B 

Number of trials 6 6 9 9 7 7 
Number of test entries* 132 132 191 191 147 147 
% of entries sig. (P<0.05) 12 2 2 1 4 4 
exceeding best check** 
% of entries ranking above 16 23 15 11 28 20 
best check (excluding above) 

Yield of top entry (kg/ha) 2977 7550 2191 4668 1962 5600 
Best check yield (kg/ha) 
Location mean (k:g/ha) 
Range in C.V. (%) 
Mean ach-antage of lattice 

2607 6531 
2477 6157 

6-9 5-9 
2.3 2.2 

1764 4512 
1574 4107 
8-25 7-15 

37.5 40.7 

1296 3846 
1104 3453 

10-24 7-26 
5.2 7.4 

over RBD (%) 

* Entries common over locations. 
** 	 Large-seeded checks: ILL 4400 long-term, 78S26002 improved, Small

seeded checks: ILL 4401 long-term, ILL 5883 improved. 

In the 1993/94 program we have reduced the yield trials for 
distribution because of low seed multiplication. In addition, in the 
trials for the Mediterranean target region we have started distributing 
small seeded lines all of which have resistance to vascular wilt. hus, 
all entries in the Lentil International Screening Nursery - Small seeded 
- 94 have resistance to wilt. 

Table 3.1.3. 	 Lentil international breeding nurseries showing target 
regions and type of nursery in the 1993/94 season. 

Type of nursery 	 Reqion
 
Mediterranean 	 Lower High 

latitudes elevation 

Resis. source/ Large-seeded Early* Cold tolerant* 
crossing block Small-seeded Rust* 

Fusarium wilt* Ascochyta blight* 
Segregating Large-seeded* Early Cold tolerant* 
population Small-seeded* 
Yield trial Early 

aiiured since 	1987. 
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In the last two seasons there has been an increase in the number ofentries in international trials provided by national programs. Ic is ouraim to increase the input of national programs into the internationaltesting program. Included in 1994 international trials were three linesfrom Russia, three from Faisalabad, Pakistan and one from Islamabad,Pakistan. Other entries have been supplied by NARSs and are inmultiplication for inclusion nextin season's trials. 

All plant material distributed by ICARDA urdergoes strict
phytosanitary examination prior to shipment. In lentil among the testsundertaken are ELISA tests for the seed-borne viruses - bean yellowmosaic virus (BYMV), broad bean stain virus (BBSV) and pea seed-bornemosaic virus (Psbmv). The major virus among these is BBSV which istransmitted by Sitona weevil. 
we 

To control the infestation level of BEISVhave planted uninfected seed treated with Promet insecticide toco;itrol the vector. As a result of this control strategy, the percentageof lines infected has been reduced from above 25% to 10c. % (Figure3.1.1). W. Erskine, K. Makkou and R.B. Malotra. 
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Figure 3.1.1. Mne percentage of lentil lines infected with virus (BBSV,

PsbMV, BYMV) over the period 1990-1993 at Tel Hadya 
station, Syria.
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3.1.1.4. Screeing for vascular wilt resistance 

Vascular wilt caused by Fusarium oxysporum f.sp. lentis is the major 
fungal disease of lentil in the Mediterranean region. 

Screening for wilt resistance in the 1992/93 season concentrated on 
adult plant reaction in infected soil in the field at Tel Hadya. The 
field sick plot, developed over a three year period, has a high inoculum 
potential with a relatively uniform distribution (Legume Program Annual 
Report 1992, Pages 134-6). This, in conjunction with frequently-repeated, 
susceptible checks (every third row), has minimized disease escape. A 
range of breeding material and germplasm, both wild and cultivated, were 
screened in the season. A list of confimed resistant sources to lentil 
vascular wilt is given in Table 3.1.4.
 

Table 3.1.4. Sources of resistance to lentil vascular wilt at Tel 
Hadya, Syria. 

Name Accession Parentage Origin 
no. (ILL) 

162 4403 - Pakistan 
78S26013 5588 - Jordan 
FLIP84-43L 5714 ILL 500 X ILL1719 ICARDA 
FLIP85-33L 5871 ILL 176 X ILL 35 ICARDA 
81S15 5883 U197 X ILL4400 Jordan 
FLIP86-38L 6024 ILL 262 X ILL3458 ICARDA 
FLIP86-39L 6025 ILL 1 X ILL 936 ICARDA 
FLIP87-68L 6258 ILL4353 X IA400 ICARDA 
FLIP88-3L 6427 ILL5506 X ILL5582 ICARDA 
FLIP88-34L 6458 ILL5584 X IIL2501 ICARDA 
FLIP89-39L 6797 ILL 223 X 79SH4901 ICARDA 
FLIP90-7L 6976 ILL 30 X ILL 851 ICARDA 
FLIP90-22L 6991 ILL5588 X ILL 223 ICARDA 
FLJP90-36L 7005 ILL 788 X ILL5588 ICARDA 
FLIP90-43L 7012 ILA354 X ILL1880 X ILLB13 ICARDA 
FLIP92-15L 7180 ILL5588 X ILL5714 ICARDA 
FLJP92-27L 7192 ILL5588 X ILL5883 ICARDA 
FLIP92-28L 7193 ILL5588 X ILL5883 ICARDA 
FLIP92-34L 7199 ILL1939 X ILL5883 ICARDA 
FLIP92-39L 7204 IL5676 X ILL1880 ICARDA 

A core collection of 577 accessions from 34 different countries, 
representative of the ICARDA lentil germplasm collection, was evaluated 
for resistance to lentil wilt in the sick-plot in the 1992/93 season. 
Twenty seeds/accession were hill-planted (37.5 on between hills) in a 
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randomized block desiyn with 3 replicates with a susceptible check (ILL4605) sawn in 	 every third plot. Test entries were scored (% of wiltedplants/hill) every three days after April 14 until June 10, when most of
the accessions were mature. 

Data fro'm three scores (April 14 (i') and 28 (5") and 10 May (9") wereanalyzed and 	 there were significant differeces amongst entries forreaction to wilt at each soori-g date (Table 3.1.5). Percentage ofwilted plants ranged between 0 - :. % in the 1' score and 0 - 100% by the5" and 9t scores. Coefficient of correlation between different scorespeaked (r= 0.698) between the 5" and 9" scores indicat. ng that evaluation
might be done at an intermediate stage of disease development. It waslowest (r=0.285) between the 1' and scores9t which indicates theunreliability 	of scoring at an early stage of disease development. 

Table 3.1.5. 	 Reaction of gernplasm accessions and breeding lines
screened for resistance to lentil vascular wilt in the 
field at Tel Hadya in the 1992/93 season. 

Number of % of Number of Totalmaterial resistant total susceptible number 
acc./lines acc./lines acc./lines 

Core germplasm 85 14.7 	 492 577 
collection 

Breeding lines 
 130 40.6 116 
 320
 

The mismatch between early and late disease scores is caused bydifferent patterns of disease development. Four such types of reactionto wilt were observed in relation to plant growth stage (Figure 3.1.2). 

In Type 1, genotypes were resistant to wilt throughout growth and are
represented by the accession ILL 3293 in Figure 3.1.2.

In Type 2, wilt development started 
Barly in the growing season and
progressed to maturity. This early-wilting habit is represented by
the accession ILL 6535 in Figure 3.1.2.
In Type 3, wilt developed relatively late and progressed to maturity.
The accession ILL 6869 represented this reaction type in Figure 3.1.2.In Type 4, wilt developmient did not start until very late in thegrowing season. Accessions in this group were rated resistant at i'and 5th scoring date and susceptible at maturity. This reaction type
is represented by ILL 3119 in Figure 3.1.2. 
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Figure 3.1.2. 	 Disease scores for Ascochyta blight and vascular wilt of 
lines screened for combined resistance at Tel Hadya in the 
1992/93 season. Rating scale 1-9 with 1 = resistant and 9 
= susceptible. 

Based on the final score, two groups of resistant/tolerant accessions 
were formed (Table 3.1.5): Group 1 comprised 22 accessions with an 
average percentage of wilted plants between 0-5%. Group 2 comprised 63 
accessions with an average percentage of 15% (0-20%) wilted plants. All 
85 resistant accessions will be revaluated next season to confirm their 
resistance.
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In addition to gerplasm screening, 320 breeding lincs were alsoscreened for wilt rcsistance in the field in the 1992/93 season (Table
3.1.5). Resistance was found in 130 lines representing 40.6%. Thecorresponding percentage of resistant accessions in the unimprovedgernplasm collection was only 14.7 %. The high proportion of resistantmaterial in the breeding material emanates from the previous widespread
use of wilt-resistant parental lines in the crossing block. 

The screening of wild lentil for resistance to lentil vascular wilt
is reported under Section 3.1.1.9. 

Preliminary investicqations on biocontrol of lentil vascular

Wilt severity was positively correlated 

wilt
 
with inoculum concentration in

laboratory experiments, but the relationship was not mdintained in thefield (Legume Program Annual Report 1992, Pages 136-9). To investigate
this difference, soil samples were collected from sites varying indisease severity within a field. Different media were used to isolate
the microorganisms associated with the various soil samples. 

Antibiosis was studied in vitro by confronting a pathogenic isolateof Fusarium oxysporum f.sp. lentis with each of the isolated bacteria.
This resulted in the identification of nine isolates (Bacillus sp.),

Viich inhibited fungal growth from 33 - 62%.
 

Effects of antagonistic bacteria on seed germination, diseaseseverity, plant height, podding and seed formation were studied in the
labcratory and in pots in the plastic house. Lentil seeds treated with8 of the nine antagonists germinated normally. The remaining isolate
reduced germination to 40%. 

The isolates which showed maximum inhibitory effect on the fungus in
vitro were applied to in pots a plastic house
soil in either a weekbefore planting (3 weeks before inoculation with the fungus) or at
sowing. Adding the antagonist at different concentrations stimulated

plant growth (9-28% increase in plant height), 
 podding and seed formation(4 fold compared to the untreated control), and decreased disease

severity by 20-23%. These effects were 
greatest when the antagonist wasadded before sowing. Also the effect on plant height was pronounced
during the first 2 weeks. The exploitation of these microorganisms will
be researched next season. W. Erskine and B. Bayaa (Aleppo University). 

3.1.1.5. Screening for resistance to Asoochyta blight 

Ascochyta blight (Ascochyta fabae f. sp. lentis) is considered to be among
the most important biotic stresses affecting crop productivity,
particularly in Canada, Ethiopia, parts of the Indian sub-oonthent and
the region of West Asia and North Africa. Losses are not only to thestanding crop, but also through reduced seed quality from infection in
the swathe. chemical control is too expensive for practical blight 
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control and host-plant resistance remains the most feasible and 
environmentally-sound means of disease management. 

Screening for resistance to Ascochyta blight was conducted at Tel 
Hadya in the 1992/93 season. A total of 47 lines were screened in the 
plastic house using the techniques described in Legume Program Annual 
Reports 1991 (Pages 99-102) and 1992 (Page 141). Results revealed 
uniform susceptibility of the check over both trays and re4licates and 
good sources of resistance to Ascochyta blight with 12 lines scoring 1-3 
in the final score (1-9 scale). W. Erskine and B. Bayaa (Alepo 
University). 

3.1.1.6. Screening for resistance to rust 

Rust caused by Uromyces fabae is the major fungal disease affecting 
lentil in the Indian sub-continent, Ethiopia and Morocco. Systematic 
screening for resistance was initiated three seasons ago in collaboration 
with the Moroccan national program in a disease 'hot-spot' at Jenma 
Sheim. Unfortunately, the winter in Morocco was very dy and screening 
was not possible this year. 

3 .1.1 .7. Multiple disease resistance 

As a result of extensive screening for vascular wilt resistance in the 
last season at ICARDA Tel Hadya, we have identified several examples of 
multiple disease resistance within existing breeding material. 

For example, the lines screened for resistance to Ascochyta blight
 
(Section 3.1.1.5) were also screened for resistance to vascular wilt. 
The results show two lines with combined resistance to Ascochyta blight
 
and wilt (Figure 3.1.3).
 

All the various two-way combinations of resistance to the three 
diseases - Ascochyta blight, rust and wilt - are available (Table 3.1.6). 
The rust and Ascochyta screening was done in collaboration with the 
national programs of Pakistan and Morocco. In addition to the two
disease combinations, examples of multiple resistance to all three 
diseases have been identified. The line ILL 6258 is resistant to 
Ascochyta blight and wilt and also moderately resistant to rust. 
Similarly, ILL 6024 has a high level of resistance to rust and wilt, 
moderate resistance to Ascochyta and tolerance to Botrytis blight. W. 
Erskine, B. Bayaa (Aleppo University) and NARSs. 
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Figure 3.1.3. Contrasting reactions to lentil vascular wilt of four 
lines (through time (April 1993) in the wilt-sick area,
Tel Hadya. (Resistance to wilt throughout growth -Line
ILL 3293; early wilter - ILL 6535; medium wilter- ILL 
6869; late wilier - ILL 3119.) 
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Table 3.1.6. 	 Soe examples of multiple disease :-esistance in lentil with 
combinations of resistance to Ascochyta blight, rust and 
vascular wilt 

Accession no. Ascochyta Rust Vascular 
(ILL) blight wilt 

2439 R S R
 
4605 MR R S
 
5588 R S R
 
5714 R S R
 
5871 R na R
 
5883 T R R
 
6024 MR R R
 
6025 R S R
 
6212 MR R S
 
6258 R MR R
 
6264 na R R
 
6458 	 R S R 

R = Resistant, MR = Moderately resistant, T = Tolerant, S Susceptible 
na = Data unavailable. 

3.1.1.8. Screening for winter hardiness 

Lentil is currently sown in sprLqg in Turkey at elevations above c. 850 
m elevation on c. 250 000 ha. Research in Turkey has indicated that 
yields may be increased by up to 50 %by early sowing in late autumn with 
winter hardy cultivars. However, the use of such cultivars is not yet 
widespread in Turkey, because at high elevation the level of winter 
hardirk,.ss is inadequate in cold winters and winter hardiness has not yet 
been transferred fran germplasm sources into acceptable cultivars. 

An effective field screening method is needed to select for winter
hardy material, L-th in segregating and exotic germplasm. In 
collaboration with the Central Research Institute for Field Crops, 
studies to develop a field screening method were conducted at Haymana 
research farm, located south-west of Ankara at an altitude of 1050 m 
above sea level in the winters of 1991/92 and 1992/93. This locationi has 
a long and cold winter season with high snow fall. 

The experiment was done in split-plot design with sawing dates as the 
main-plot factor with a factorial of density x cultivars in sub-plots in 
three replications. Sowing dates were from early October through mdd

2November. Two 	 seed densities were 200 seeds/ and 400 seeds/m2. Eight 

http:hardirk,.ss
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cultivars, including three winter hardy (Sazak 91, ILL 465, ILL 1918),
two winter tolerant (ILL 468, ILL 4400), and three susceptible (ILL
2590, ILL 3493, ILL 5582), were used.
 

The winter in both seasons (1991/92 & 1992/92) being among the
coldest for 20-30 years, the effects and interactions of planting time,
seed density and genetic material on winter hardiness became very clear. 
Combined analysis of two years results revealed the following: 

a. 	 Early sawing differentiated winter-hardiness best. 
b. 	 Seed density affected the cold tolerance of genetic material. At low

plant population levels seedlings were more prone to cold damage than 
at the high density. 

c. 	 Winter-susceptible lines were killed at both seed densities. 
Moderately winter-hardy lines sown early had no survival at tie lower 
density; and, at the higher seed rate, the plant population was
reduced. However, the more winter hardy lines survived at both seed 
densities with a better crop stand at high seed density.

d. 	 Under the conditions of Haymana and in the absence of early rainfall,
irrigation should be used on early sown material to screen for
winter-hardiness to initiate germination and vegetative growth before 
winter.
 

An isozyme survey using starch gel electrophoresis of these eight

lines revealed variation between and within lines for 12 
 loci namely Aat
2 (Aspartate Amino Transferase), Aat-3, Acp (Acid Phosphatase), Adh-i
(Alcohol Dehydrogenase), Adh-2, Adh-3, Idh (Isocitrate Dehydrogenase),
Lap-i (Leucine Aminopeptidase), Mdh-1 (Malate Dehydrogenase, 6Pgd-1 (6-

Phosphogluconate Dehydrogenase), 
 6Pgd-2 and Prx-1 (Peroxilase) . They were
 
monomorphic for the isozymes of Amylase, Diaphorase, Glbcose-l-Phosphate

Trans ferase, Glucose Phosphate Isomerase, Glucose-6-Phosphate

Dehydrogenase, Phosphoglucomutase and Shikimic Dehydrogenase.

Heterozyc;otes were also observed in the populations for Adh-i 
 and Adh-3.
Analysis of these lines for morphological and chemical traits is also
 
being conducted.
 

In addition to refining the selection environment for winter
hardiness, the variability for winter-hardiness in cultivated lentil 
germplasm was examined in the 1991/92 and 1992/9J seasons. 

An experiment was conducted at two locations in lUrkey, namely,
Haymana research farm (elevation 1050 m) and International Winter Cereal
Research Center in Konya (elevation 1050 m). A total of 86 randomly
selected accessions of cultivated lentil were used ran ni from highly
susceptible to winter hardy. A 1-9 scale, with 1= -esistant and 9= 
killed, was used to score for cold tolerance. 

In the 1991/92 season winter damage was greater at Hymana than at 
Konya. The highest score in either replication was taken as the reaction 
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of the entry to cold. The lowest score at Haymana was 4 with only one 
accession achieving that score (Table 3.1.7). However, the lowest score 
at Konya was 2 with more than one accession scored as 2. At Haymana only 
two accessions scored 5 or less, whereas at Konya there were 22. 
Moreover, most accessions were scored as 9 at Haymana; whereas, at Konya 
most were scrLu ts 8. 

Table 3.1.7. 	 riamber of lentil accessions in each reaction group to 
winter cold at Haymana and Konya. 

Cold Konya 	 Haymana Haymana
 
score 1991/92 1991/92 1992/93
 

1 
2 	 2 
3 	 5 
4 	 4 1 
5 	 13 1 8 
6 	 6 4 
7 	 13 12 12 
8 	 24 11 19 
9 	 1C 57 39 

In the 1992/93 season germination at Konya was unsatisfactory because 
of the dry autumn and plants were not scored for winter hardiness. At 
Haymana germination was facilitated by sprinkler irrigation and the 
winter was again one of the coldest for 20 vears. Scoring for winter 
hardiness was made in spring after the susceptible check, Malazgirt 89 
(ILL 1384), was killed. The number of lines falling into each damage 
rating is given in Table 3.1.7. The cold scores are taken as average of 
two replications.
 

In both years range in reaction to winter cold was clear at Haymana. 
There was only one line (ITL 662) with cold scores of 5 or less in both 
seasons at Haymana and the sole season at Konya. There was another line 
(ILL 1879) with a cold score of 5 in both years at Haymana. In addition, 
six other lines had a cold score of 5 at Haymana in 1992/93 season and 
less than 5 at Konya in 1991/92 season. 

Highly significant correlations for cold tolerance score were found 
between Konya 1991/92 and Haymana 1991/92 (r = 0.68-), Konya 1991/92 and 
Haymana 1992/93 (r = 0.59-), Haymana 1991/92 ar Haymana 1992/93 (r = 
0.62-). Clearly, variation for winter hardiness in this experiment was 
due to genotypic differences rather than envirormental differences. 
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Several morphological traits were scored these lines inon a springplanting at Haymana. Some additional chemical analyses are underway. The
relationship between winter hardiness and the chemical and morphologicaltraits will be studied. I. Kusmenoglu (Central Research Institute for 
Field Crops, Ankara Turkey) and W. Erskine. 

3. 1.1.9. Evaluation of wild lentil germplasm 

From 1990 to 1993 we conducted a comprehensive evaluation of wild lentilgenetic resources for resistance to key stresses. The evaluation has
covered winter hardiness and drought tolerance, and resistance to lentilvascular wilt and Ascochyta blight. Additionally we have examined the
variation in agronomic characters. Part of this research was reportedin Legume Program Annual Reports. But it is appropriate to summarize theresults of most of the component parts of the wild lentil evaluation 
project in one place. 

Screening for agronomic characters
 
An evaluation of wild lentil germplasm for 
agronomic characters wasconducted in the field at Tel Hadya for two seasons on a total of 121accessions of Lens species (1990/91 & 1991/92) (Legume Program AnnualReports 1991 (Pages 105-106) & 1992 (Pages 105-7). For grain yield,
straw yield and seed mass, there was no striking variation within thewild species for transfer to the cultigen. However, there were some
accessions of L. culinaris subsp. orientalisthat were faster to flowerand mature than the earliest cultivated check (ILL 4605) in both seasons.This precocity will be of value to the crop improvement program. 

Screeninq for winter-hardiness 
Screening for winter hardiness of 255 accessions of the different
subspecies of the genus Lens, toin addition three accessions of Viciamontbretii (syn. L. montbretii), was done at Maadar in Syria and Hymana
in Turkey during the 1991-92 season. At Maadar there were frost96
nights in the growing season and the absolute minimum temperature was 
16.0°C, and at Hymana there were 109 frost nights and the absoluteminimum temperature was -18.9 0C. In both locations the susceptible
indicators were killed, indicating that the cold was sufficient forscreening. Accessions of L. culinarisssp. orientalisshcwed the highestlevel of winter hardiness among Lens taxa, whereas accessions of L.nigricans ssp. ervoides were the most susceptible. The most winter-hardy
lines and their origins are listed in Table 3.1.8. Correlation showedthat winter hardiness was found in accessions originating frum highelevation areas. A. Hamni, Mr. I. Kusmenoglu (Central Research Institute 
for Field Crops, Ankara) and W. Erskine. 
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Table 3.1.8. 	 Accession number (Acc. no.) and origin of the most winter 
hardy wild lentil lines at Hymana (Turkey), and Maader 
(Syria) in 1991-92 season. 

Acc. no. 	 Winter hardiness 
(IUJWL) Subspecies Origin Hymana Maader 

6 orientalis Turkey MT T 
81 orientalis Turkey T/MT T 
89 orientalis Turkey INT T 
90 orientalis Turkey INT T 
91 orientalis Turkey T/MT T 
97 orientalis Turkey MT MT 

112 nigricans Turkey INT MT 
180 crientalis Syria INT DT 
309 orientalis Turkey INT T 
312 orientalis Turkey INT MT 
313 orientalis Turkey TNT T 

INT = Intermediate; MT = Moderately tolerant; T = Tolerant. 

Screeninq for drought tolerance 
Susceptibility to moisture stress is a key factor in rainfed lentil 
production in the Mediterranean region of West Asia and North Africa. We 
examined the response to drought stress of 121 accessions representative 
of all subspecies of the genus Lens under two moisture regimes (rainfed 
and rainfed plus supplemental irrigations) at Breda during the 1990-91 
(241 m total seasonal rainfall) and 1991-92 (263 nmi total rainfall) 
seasons. 

The cultivated lentils contrasted with their wild relatives in their 
markedly superior bicmass and water use efficiency. Clearly, direct 
selection of wild lentil germplasm for bicuass yield under dry conditions 
is of little value. However, wild subspecies were more drought resistant 
than the cultigen with their low relative reduction in yield with drought 
stress. It may be valuable to transfer this resistance to the cultivated 
lentil. Among wild subspecies, the most resistant to drought were L. 
culinaris ssp. odemensis and L. nigricans ssp. ervoides. There was, 
however, considerable variability within subspecies, indicating the 
possibility of selection for drought resistance within different 
subspecies.
 

Tim to flower accounted for only 2.4% and 6.8%of the variation in 
rainfed yield of wild accessions in the two seasons, showing that, in 
contrast to the cultigen, drought escape was an uninportant resistance 
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mechanism in wild lentil. The drought resistance in wild lentil wasalmost randomly distributed among collection locations with littlerelation to collection site aridity, providing further evidence ofdifferences between wild and cultivated lentil in drought response. 

In sunmary, direct selection of wild lentil germplasm for bicmassyield under dry conditions is of little value, but it may be valuable totransfer the drought resistance of wild lentil to the cultigen. A. Hamdi 
and W. Erskine. 

Screening for resistance to vascular wilt
Wild lentils represent an unexplored potential source for diseaseresistance. Screening 219 accessions of Lens wild species and 2accessions of V. mnntbretii for resistance to a Syrian isolate of thisfungus in the seedling stage was conducted under artificial inoculation
in a plastic house. Resistance at the adult stage was confirmed both in a pot trial in a plastic house and in a wilt-sick plot. 

Three accessions of Lens culinarisssp. orientalis, three accessions
of L. nigricans ssp. nigricans and two accessions of L. nigricans ssp.ervoides maintained their resistance at the adult stage in the plastic
hoaLse. All accessions of L. culinarisssp. odemensis and beth accessionsof Vicia montbretii were susceptible. In the sick plot, only tireeaccessions maintained resistance (Table 3.1.9). Resistance at theseedling stage was often found in accessions collected at northern andwestern sites at low elevations. The most resistant accessions in thefield at the adult stage were Lens culinaris ssp. orientalisIU'J. 79 and113 from Turkey and L. nigricans ssp. ervoides ILWL 138 from Syria. 

Screening for resistance to AscochYta blight
Screening 248 accessions of the ICARDA wild lentil germplasm collection
for resistance to a Syrian isolate of this fungus was conducted underartificial inoculation in a plastic house. The reaction of resistant
accessions was confirmed in a second trial. 

Twenty-four out of 86 accessions of Lens culinarisssp. orientalis were resistant, as were 12 of 35 accessions of L. culinaris ssp.odemensis, 3 of 35 accessions of L. nigricans ssp. nigricans, 36 of 89accessions of L. nigricansssp. ervoides, and all 3 accessions of Viciawntbretii (Table 3.1.10). sixty-four % of resistant sources were fromSyria and southeastern Turkey. Disease reaction was correlated neitherwith the altitude of collection nor with its annual average rainfall.
A significant correlation (r = 0.281) between leaflet width and diseasereaction was due more to the frequency of the resistant reaction withinthe narrow-leaved L. nigricansssp. ervoides than as a function of smallleaf area. Disease reaction was uncorrelated with a range of othermorphological traits. B. Bayaa (University of Aleppo), W. Erskine and 
A. Hamdi. 
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Table 3.1.9. Mean Fusarium wilt score in seedling (trays) and adult 
(pots) stages and percentage of wilted plants (field) of 
the most 	 resistant wild lentil accessions with their 
accession number (IUWL) and country of origin. 

Acc. no. Sub-species 	 Origin Wilt score % wilted 
(ILWL) 	 Trays + Pots plants 

79 L. culinaris ssp. orientalis Turkey 1.3 0.9 34 
113 L. culinaris ssp. orientalis Turkey 2.1 3.2 3 
138 L. nigricans ssp. ervoides Syria 1.43 2.4 15 
SE (±) 1.07 7.1 

+ 1-9 scale; 1= highly resistant and 9= highly susceptible. 

3.1.1.10. 	 Field evaluation of a model of photothermal flowering 
responses in a world lentil collection 

A model to 	predict flowering time in diverse lentil genotypes grown under 
widely different photothermal conditions was developed in controlled 
environments in collaboration with the University of Reading Plant 
Environment Laboratory (Food Legume Improvement Program Annual Report 
1988 (Pages 80-85). The flowering response was found to be governed by 
both temperature and photoperiod and to be well described by the relation 

1/f = a + bTr +cP, 
where f is the time from sowing to first flowering, T and P are the 
respective values of mean temperature and photoperiod during that period, 
and a, b and c are genotypic constants. 

The present study evaluated the model with a world germplasm 
collection in the field in Syria and Pakistan. A total of 369 germplasm 
accessions were evaluated for time to flower at ICARDA, Tel Hadya, Syria 
and at the National Agriculture Research Centre, Islamabad, Pakistan. 
The accessions comprised 25 randany-selected germplasm accessions from 
the following major lentil-producing countries: Afghanistan, Chile, 
Egypt, Ethiopia, Greece, India, Iran, Jordan, Lebanon, Pakistan, Syria, 
Turkey and the former Soviet Union together with elite accessions from 
the ICARDA breeding program and registered varieties. In Syria, the 
experiment was sown in a split-plot design with sowing dates of 30 
December 1986 and 2 February 1987, as main plots and accessions as 
sub-plots in two replications. In Pakistan, a randomized block design 
was used for sowing on 11 November 1986 and on 30 November 1991 in two 
replications. 

http:3.1.1.10
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Thble 3.1.10. Accession number (IU'), country of origin and mean
disease scores from two screenings for those accessions 
with disease scores < 3. 

MAL Origin Disease score ILWL Origin Disease score 
1 2 1 2 

Lens culinarisssp. orientalis Les nigricans ssp. nigricans4 Turkey 1.0 1.0 110 Turkey 1.3 1.27 Turkey i.0 1.4 190 Turkey 1.6 1.0
69 Uzbekistan 1.6 1.8 311 Turkey 1.0 1.077 Unknown 1.0 
 1.1 Lepns nigricans ssp. ervoides80 Turkey 1.0 1.0 41 Turkey 1.2 1.284 Turkey 2.2 1.4 45 Yugoslavia 1.0 1.086 Turkey 1.6 1.3 
 50 Yugoslavia 1.5 1.0
88 Turkey 1.6 1.6 58 Turkey i.0 1.093 Turkey 
 1.0 1.0 63 Turkey 1.0 1.094 Turkey 2.0 2.5 123 Syria i.0 1.0117 Syria I.0 1.2 128 Syria i.0 1.0118 Syria 
 1.2 1.5 129 Syria 2.8 1.8
121 Syria 
 1.0 1.0 130 Syria 1.0 1.0146 Syria 
 1.0 1.0 133 Syria 1.0 1.4
180 Syria 
 1.0 1.0 134 Syria I.3 1.1
181 Syria 1.2 
 1.2 136 Syria 1.0248 Syria 
 1.3 1.0 138 Syria 
1.0 

1.0 1.3
257 Sria 1.6 1.0 139 Syria 1.0 1.0277 Syria 
 1.6 1.0 141 Syria 1.3 1.0302 Turkey 
 1.4 1.9 142 Syria 1.0 1.0
304 Turkey I.0 1.0 158 Syria i.0 1.0315 Turkey I.0 1.5 
 184 Syria i.0 1.0
330 Syria 
 1.0 1.0 185 Syria 1.0 1.0331 Syria 1.0 1.1 186 Syria i.i 1.0Lens culinarisssp. odemensis 193 Syria 1.2 1.020 Unknown 1.4 1.0 206 Yugoslavia 1.8 1.2116 Syria 1.2 
 1.1 207 Yugoslavia 1.0 1.4166 Syria 1.9 1.2 
 208 Yugoslavia 1.0 1.6168 Syria 
 i.0 1.4 259 Turkey 2.1 1.0170 Syria 1.8 
 1.0 261 Turkey I.0 1.1
172 Syria 1.8 
 1.3 262 Turkey 1.2 1.0
173 Syria 
 1.0 1.0 263 Turkey 1.4 1.4
174 Syria i.0 
 1.0 269 Turkey 1.0 1.0
202 Turkey i.0 3.0 273 'hrkey 1.5 1.1203 Turkey 2.6 2.1 274 Turkey 1.0 1.1238 Syria 
 1.2 1.2 285 Turkey 1.7 1.3
254 Syria 2.5 
 1.0 294 Turkey 1.3 1.1
300 Turkey 
 2.9 1.2 303 Turkey 1.0 1.0
Vicia montbretii 318 Turkey 1.0 1.012 Turkey 1.0 1.0 
 323 Turkey I.0 i.0

107 USSR 
 1.0 1.0
 
283 Turkey i.0 1.0 

ILWL : International Legume Wild Lentil.
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Islamabad provided the two warmest envirornents for the vegetative 
phase of plant growth with mean temperatures prior to flowering of T = 
13.2-C ir 1986/87 and T = 12.6 0 C in 1991/92, to which the greatest 
contrast was an early sowing at Tel Hadya with a mean temperature of T 
= 9.8 0 C (Table 3.1.11). There was, however, a striking increase in 
temperature in Tel Hadya from mid-March (when the mean 7-d temperature 
was 5.7 0C) to mid-May when the corresponding value reached 24.1 0 C. For 
mean photoperiod prior to flowering, the shortest daylength regime was 
in Islamabad in 1.986/87 with P = 10.5 h d' and the longest days (P = 12.1 
h d') were experienced following late sowing in Tel Hadya. 

Photoperid alone accounted for 69% of the variance in 1/f, the 
reciprocal of time (d) from sowing to flower. In contrast, temperature 
alone did not account for a significant proportion of variation in 
flowering time due to the exposure of plants to supra-optimal 
temperatures in the late-sown Syrian trial. Using the model, mean pre
flowering values of photoperiod and temperature combined additively to 
account for 90.3% of the variance of 1/f over accessions. 

A one-way analysis of variance for time to flower on the basis of 
country of origin showed significant (P < 0.001) differences amongst 
country means. Early flowering was a characteristic of germplasm from 
Bgypt, Ethiopia and India; accessions from Afghanistan, Iran and Turkey 
were typically the latest to flower. There were strongly significant 
differences among countries in the fit of the multiple regression model. 
Accessions from the former Soviet Union and Turkey showed the poorest fit 
to the model, whereas accessions from Chile, Ethiopia and Syria showed 
the best fit. Differences between countries in the mean response to 
temperature (b), photoperiod (g) and the constant a were substantial (P 
< 0.001; Figure 3.1.4). 

Table 3.1.11. Means and standard errors over accessions of different 
phenological characters at two sowing dates in Tel Hadya, 
Syria in the 1986/87 season and at Islamabad, Pakistan in 
the 1986/87 and 1991/92 seasons, together with mean 
temperature (T) mean arnd photoperiod (P) from sowing until 
the onset of flowering. 

Character Tel Hadva Islamabad SE 
Date 1 Date 2 1986/87 1991/92 (±)
 

Time to 50% flower (d) 121 91 126 120 0.6 
Time to first fl. (d) 117 88 1.0 
Node no. first flower 9.7 8.6 0.3 
Time to maturity (d) 161 131 0.9 
Mean temp. (T) ("C) 9.8 11.0 13.2 12.6 
Mean photoperiod (P) (h d') 11.4 12.1 10.5 10.6 
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The lentil was domesticated in West Asia, from whence it spread. The 
variation within West Asia for time to flower was relatively high 
(Diarcnd in Figure 3.1.4A). The distributions of country means for time 
to flower and the genotypic constants a, b, and c illustrate the response 
to selection for adaptation to new ecological environments following the 
spread of the crop from its centre of origin. Dissemination to lower 
latitudes such as those in Egypt, India and Ethiopia has been accompanied 
by an increase in the constant (q) (Figure 3.1.4A) and a reduction in the 
photoperiodic response (Figure 3.1.4B); sensitivity to photoperiod must 
have been actively selected against during that spread. Obligate 
photoperiodic control of the onset of flowering ensures that flowering 
starts annually in the same calendar period, irrespective of fluctuations 
in temperature. Consequently, selection against photoperiodic control 
in a long-day plant such as lentil implies an adaptation to relatively 
short days, which occur at low latitudes and which would otherwise delay 
flowering to an unacceptable extent. Under such conditions the crop 
relies rather more on temperature to ensure that flowering occurs at an 
ecclogically and agronomically appropriate time. 

In an earlier study on lentil germplasm from fewer countries, the 
sensitivity of the crop to photoperiod was found to be related to 
latitude of origin, i.e. materials from the extreme latitudes were more 
sensitive to P (FLIP Annual Report 1988). However, it was unclear 
whether there was a continuous association of photoperiod sensitivity 
with latitude of provenance or two separate cohorts, namely; Group 1
represented by Mediterranean/temperate qermplasm with a strong response 
to photoperiod, and Group 2, Sub-tropical germplasm with a reduced 
response. Tbis study gives evidence of two groups contrasting in 
intrinsic earliness (of which the value a is an approxinate guide) and 
photoparicdic response (c), i.e. Mediterranean/temperate germplasm with 
large values of both the constant a and sensitivity to photoperiod Q?) 
and a second group of sub-tropical gernplasm with a much smaller reosponse 
to photoperiod and a reduced value of the constant a. There is also 
evidence that flowering of the sub-tropical group is more temperature 
sensitive than much of the Mediterranean/temperate group. 

The spread of the crop into higher latitudes, for example into the 
former Soviet Union, has resulted in a small reduction of the 
photoperiodic response, probably reflecting the change in sowing date 
from winter to spring. 

The major evolutionary force in the spread of the domesticated lentil 
is known to have been selection pressure for an appropriate phenology. 
The present study has not only valid-ted a photothermal model over a wide 
range germplasm in diverse field ervironments, but has also shown that 
dissemination of lentil to new environments has caused selection for 
different regionally-specific balances between photoperiod and 
temperature sensitivity to control flowering. 
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This evidence for specific phenological adaptation has led to theadoption of a decentralized breeding program with several differenttarget regions with specific adaptational requirements. A. Hussain(National Seed Registration Ds~earbAnt, Pakistan), M. Tahir, A. Bakhsh(National Agricultur Research) Centro, Islamabad, Pakistan), R.H. Ellis,R.J. Bumerfield, and E.H. Roberts (Plant Enviroment Laboratory,
University of Reading, UK) & W. Erskine. 

3.1.1.11. Quantitative evaluation of Ethiopian landraos of lentil 

As part of back-up research with the Ethiopian program, assistedwe inthe quantitative evaluation of Ethiopian landraces of lentil. One hundredand fifty-six landrace populations collected from 10 Provinces, spanningthe Western, Central, Eastern and Northern Highlands, were evaluated forsix quantitative traits at sitesthree contrasting in altitude inEthiopia. This collection of germplasm is valuable because of the widerange of sites sampled, spanning ten Provinces and an altitudinal rangeof 1600 to 4000 m elevation. However, germplasm from the Western regionwas under-represented and should be collected expeditiously. 

Although we found variation within Ethiopian lentil germplasm, thisvariation did not justify the declaration of Ethiopia as a centreler,Lil diversity as, for example, 
of 

for barley. However, regionaldifferentiation was evident within the material and consistent regionaldifferences among landraces were found for time to flower and maturity,100-seed weight, number of seeds/pod and plant height. 

The overall mean for time to flower was 51 days with the earliestlandrace flowering in days45 (Table 3.1.12). Early flowering was afeature of germplasm from the Western Highlands. For plant height, therange among landraces was wide from 27-49 cn and the early flowering,Western Highlands group were shorter than the other material, on average.Seed size ranged from 2.2-3.2 g/100 seeds over accessions with largerseeded germplasm originating from the Northern Highlands. 

Discriminant analysis confirmed the differences betueen germplasmfrom different areas. The canonical variate diagram shows thedifferentiation between areas (Figure 3.1.5). The x-axis represents 100seed weight, positively, and time to flower, negatively, and the y-axisrepresents time to flower and plant height. In the canonical diagram themost distinctive group is that of the Western Highlands, which is earlyand short in stature. In contrast, the lentils of the Central Highlandswere the least distinctive group. The Central Highlands group occupiesthe middle position both geographically and morphologically, as thisgermplasm was intermediate for all plant traits and the least distinctiveof the regional groups. This implies greatest diversity within germplasmfrom the Central Highlands and genealso flow between the CentralHighlands and the other regions. 

http:3.1.1.11
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Regional differentiation was based, in descending order of 
importance, on 100-seed weight, time to flower and plant height, which 
collectively gave a highly significant F-value of 9.20 with 9 and 307 
degrees of freedom. The most important character 100-seed weight is a 
trait affected by human preference and is of low adaptive value. In a 
previous survey of patterns of morphological variation in lentil 
genplasm from various countries, plant phenology was th e key to 
adaptation on the macro-geographic scale. On the micro-geographic level 
of this study, however, time to flower was only the second most important 
character in differentiation. 
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Figure 3.1.5. 	 Scatter diagram of first two canonical variates for the 
values of the most distinctive (WH) and least distinctive 
(CH) landrace populations and centroids for the regional 
groups of Northern Highlands (NH), Eastern Highlands (EH), 
Western Highlands (WH) and Central Highlands (CH). 
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The crop growing period was 82 days at the lowland site (elevation1600 m) and a month longer (113 d) at the highland site (elevation 2450m), enphasizing the major influence of environment on maturity. Thetesting environments at different altitudes contrasted primarily intemperature. The major disparity in the length of the growing period atdifferent elevations suggested that times to flower and maturity mightbe adaptive characters in relation to altitude. However, selections foryield made at sites contrasting in altitude did not differ in their meantime to flower and maturity. Furthermore, correlations between thealtitude of collection, on the one hand, and both time to flower andreproductive duration, on the other hand, were non-significant. Thisshows that, although plant phenology has adaptive value on a regionalscale, it is of no value in adaptation to different altitudes withinregion. aThe lack of evidence for selection for altitude/temperatureadaptation through plant phEnology is probably due to human influence.Sowing date at any location varies seasonally according to the timing ofthe rains, and seed may be moved to different altitudes within a region.Both these effects dilute selection pressure on the length of the growingperiod. G. Bejiga, 8. Tsegaya, A. Tullu (Alwmaya University ofAgriculture, Ethiopia) and W. Erskine. 

Table 3.1.12. Mean (x) and standard errors (SE) of genotypic means
overall and by region of origin, together withcorrelation coefficients 
 with altitude for the
cnaracters: time to flower (d), time to maturity (d),
plant height (cm), number of seeds per pod and 100-seed 
weight (g) of Ethiopian lentil germplasm.
 

Geographic Time to 
 TIM to Plant Seed no. 100-seedregion flower maturity height per pod weight 

Overall R 50.8 95.6 32.7 1.60 2.60
SE 0.18 0.21 0.26 0.02 0.02
Range 45.3-57.7 85.3-102.0 
27.1-49.3 1.23-2.00 2.17-3.17
Northern M 50.9 95.8 32.8 1.6
Highlands SE 0.29 0.34 

2.7
 
0.43 0.03 
 0.02
Eastern 
 X 51.5 95.8 32.9 1.5 2.5Highlands SE 0.45 
 0.52 0.97 
 0.04 0.03
Central V 50.7 95.6 32.0 
 1.6 2.6
Highlands SE 0.25 0.28 0.26 0.02 
 0.02
Western 
 x 46.0 91.7 30.2 1.6 2.5
Highlands SE 0.33 3.17 1.89 0.11 
 0.06
Correlation 
 0.079 0.009 0.161 
 0.036 0.323
 

with altitude
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Figure 3.1.6. 	 Average number of aborted flowers, aborted pods and full 
pods per plant of four treatments, factorial combinations 
of two lentil genotypes (Talia 2 & ILL 2581) sown on two 
dates (Nov. 28, 1992 & Feb. 1', 1993), at the American 
University Farm, Beqa'a valley, Lebanon.
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3. 1.1.12. Flower and pod abortion in lentil as affected by cultivar 'wd 
sowing date
 

The production, nodal position and fate of lentil flowers was studied ontwo cultivars (Talia-2 and ILL 2581) sown on two dates (Nov. 28, 1992 &
Feb. 15, 1993) in a factorial design with three replications at the
American University of Beirut Farm, Beqa'a, Lebancn. The stn.dy was
undertaken as a prelude to a study of the number of flowers per pecuncle
with the aim of devising a simple sampling method for flower number perpeduncle. The number of flowers on a lentil inflorescence varien
considerably from one to four flowers per peduncle, with up to seven
recorded from the glass-house. This results in different nuribers of podsper peduncle at maturity. There is variation within an individual plant
in the flower numbers per inflorescence, between plants within agenotype, between genotypes and a strong environmental effect on this 
trait. This MSc thesis researd at the American University of Beirut
aims to quantify the variation next season due to these different factors
and to understand the significance of this variability to the final 
yield.
 

Winter sowing gave significantly more yield than spring sowing
(Figure 3.1.6). Cultivar Talia-2 yielded more rhan ILL 2581 in the
winter, but the difference disappeared under spring-sown conditions. 

The average number of flowers per plant was 85.5, of which 19.7 %aborted as flowers and 20.7 % aborted as pods leaving 59.6 % to form 
mature pods. There were significant differences between cultivars in
flower abortion and between sowing dates and their interaction with 
cultivars in pod abortion.
 

The distribution of flowers among branches within the plants wasstudied. Overall, primary branches contributed the dominant portion of
62.3 % to final pod yield with the main stem contributing 21.6 % andsecondaries contributing 16.1 % (Figure 3.1.7). Although primary
branches provide the bulk of flowers, the probability of a flower
aborting or a pod aborting was lowest on the main stem and greatest
secondary on

branches (Figure 3.1.8). Clearly, adjustments to yield from 
stress after flowering and during pod-filling come primarily from flowers 
on secondary branches rather than those on the main stem. H. Tambal, H.Zaiter (American University of Beirut) and W. Erskine. 
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Figure 3.1.7. Average number of aborted flowers, aborted pods and full
 
pods per plant on the main stem, primary branches and 
secondary branches of two lentil genotypes sown on two 
dates at the American University Farm, Eeqa'a valley, 
Lebanon inthe 1992/93 season.
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genotypes sown on two dates at the American University 
Farm, Beqa'a valley, Lebanon in the 1992/93 season. 
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1.1.2. Use of Lentil Germplasm by K&Ws 

3.1.2.1. Advances for the Mediterranean region 

The ICARDA base program provides segregating populations and breeding
lines to national programs in North Africa and West Asia for elevations 
below 1000 m around the Mediterranean Sea. To date, more use has been 
made of lines than segregating populations and few lentil crosses are 
made outside ICARDA in North Africa and West Asia. 

The exploitation of local germplasm within this region has shown 
unequivocally the similarities in adaptation within this lowland 
Mediterranean region. For example, selections from Jordanian germplasm
have been released in Iraq, Lebanon, Libya and Syria. Selections from 
Syrian germplasm are released for cultivation in Algeria and Tunisia. 
Selections from Lebanese and Moroccan germplasm are either released or 
in registration trials for cultivation in S.E. Anatolia in Turkey. 

Table 3.1.13 lists lentil lines released as cultivars and Table 
3.1.14 gives those lines selected for pre-release multiplication and/or 
on-farm trials by NARSs. 

In Syria the red-cotyledon line ILL 5833 will soon be submitted to 
the variety release committee following its testing in on-farm trials 
over the last four years, where it yielded significantly more grain than 
the local check in all geographic regions and rainfall zones. 
Additionally, it has improved standing ability for harvest mechanization 
over the local check and resistance to vascular wilt disease, the most 
important disease of lentil in Syria. 

The line FLIP84-147L (ILL 5816) has been performing well in Jordan 
and has been identified for large-scale multiplication and on-farm trials 
in 1993/94.
 

In Iraq the large-seeded line 78S26002 was registered in 1992. The
 
lentil lin.e - ILL 1939 - has been offered for registration by the South-

East Anatolian Research Institute in Turkey and regional trials have 
shown that ILL 2126 and FLIP86-3L (ILL 5989) perform well in the region. 

In North Africa, the lines 78S26002, FLIP84-58L (ILL 5728) FLIP84
114L (ILL 5784) have been identified as high yielding by the national 
program on the basis of their superior performance in the last three 
seasons in Tunisia. In Libya the line El Safsaf 3 (78S26002) was released 
in 1993 for cultivation for the East of the country and FLIP84-51L (ILL
5722) is in large-scale testing for irrigated conditions in Central Libya
at Meknosa. Lentil production and area continue to decline in Algeria
but the lines ILL 468, NELA5R, LB Redjas and Balkan 755 are in seed 
increase for future use by farmers. In the National Lentil Yield Trial 
the Algerian Program found FLIP87-48L (IL 6238) and FLIP85-7L (ILL 5845) 
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as top-yielders on the coast, FLIP84-145L (ILL 5815) best on the low 
plateau, and FLIP 87-30L (ILL 6220) and FLIP84-101L (ILL 5671) good for 
the high plateau. 

Table 3.1.13. Lentil cultivars released by national programs 

Country Cultivar Year Specific features 
nare release 

Algeria Syrie 229 
Balkan 755 

1987 
1988 

Yield, seed quality 
Yield, seed quality 

ILL 4400 1988 Yield, seed quality 
Argentina Arbolito 1991 Yield, tall and early 

(ILL 4605x-4349) 
Australia ILL 5750 1989 Yield 

FLIP84-51L(ILL 5722) 1993 Yield, red cotyledon 
FLIP84-58L(ILL 5728) 
FLIP84-154L(ILL 5823) 

1993 
1993 

Yield, red cotyledon 
Yield, yellow cotyledon 

Bangladesh Falguni (IIA353x353) 1993 Rust res., yield 
Canada Indianhead (ILL 481j 1989 Green manure 
Chile 
China 

Centinela (74TA470) 
FLIP87-53L 

1989 
1918 

Rust res., yield 
Yield in Qinghai Province 

Ecuador INIAP-406 (FLIP 84-94L) 1987 Rust res., yield 
Egypt 
Ethiopia 

Precoz (ILL46C5) 
R 186 
ILL 358 

1990 
1980 
1984 

Intercroppir.g in sugarcane 
Yield 
Rust res., yield 

NEL 2705 1993 Rust res., yield 
FLIP84-7L (ILL5680) 1993 Rust res., yield 

Iraq 
Jordan 

78S26002 
Jordan 3(78S 26002) 

1992 
1990 

Yield, standing ability 
Yield, standing ability 

Lebanon 
Libya 
Morocco 

Talya 2(78S 26013) 
El Safsaf 3(78S26002) 
Precoz (ILL 4605) 

1988 
1993 
1990 

Yield, standing ability 
Yield E. Libya, st. ability 
Rust res., yield 

Nepal 
N Zealand 

Sikhar (ILL 4402) 
FLIP87-53L (ILL 6243) 

1989 
1992 

Yield 
Yield, red cotyledon 

Pakistan Manserha 89(ILL 4605) 1990 Ascochyta & rust res. 
Sudan Rubatab 1 (ILL 813) 1993 Yield in Northern areas 

Aribo 1 (ILL 818) 1993 Yield in Jebel Mara 
Syria 
Tunisia 

Idleb 1 (78S 26002) 
Ncir (ILL 4400) 

1987 
1986 

Yield, reduced lodging 
Large seeds, yield 

Nefza (ILL 4606) 1986 Large seeds, yield 
Turkey Firat 87 (75Kf 36062) 

Erzurum 89 (ILL 942) 
1987 
1990 

Small 
)ield 

seeds, yield 
in spring sawing 

Malazgirt89(ILL 1384) 
Sazak 91 (NEL 854) 

1990 
1991 

Yield in spring sawing 
Winter sowing, red cotyledon 

U.S.A. Crimson (ILL 784) 1991 Yield in dry areas 
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Table 3.1.14. Lentil lines in pre-release multiplication or on-farm 

testin by NARSs. 

Mediterranean region
Algeria ILL 468, ILL 1889Bgypt FLIP84-51L, FLIP84-112L, 
Jordan 
 FLIPa4-147L
 
Lebanon FLIP86-2L, FLIP87-56L
 
Libya FLIP84-51LMorocco FLIP86-15L, FLIP86-16L, FLIP87-19L, FLIP87, 22L
Syria 
 ILL 5883
Tunisia 78S26002, FLIP 84-58L, FLIP84-114L 
Turkey 
 ILL 1939
 

High elevation 
Iran ILL 842, ILL 949

Pakistan FLIP84-4L, FLIP85-7L
 

S. Latitudes 
Ethiopia FLIP86-12L, FLIP86-16L, FLIP86-18L
Nepal ILL 2578, ILL 4404
Pakistan 7519 from ILLl x ILL 2573 
Sudan ILL 818
Yemen ILL 4605, FLIP84-14L 

Morocco suffered severe drought this season. In lentil experimentsat Merchouch (200 mm rain received) and Jemaat Shaim (180 mm rain) someyield was achieved by early flowering and maturing lines. Later maturinglines were barren. Several good early lines, with known rust resistancein previous years, were identified for inclusion in Catalog TrialsDrought precluded screening 
nextseason. for rust this season. The followinglines with resistance to rust FLIP86-15L (ILL 6001), FLIP86-16L (ILL6002), FLIP86-19L (ILL 6005), FLIP86-21L (ILL 6007), FLIP87-19L (ILL
6209) and FLIP87-22L (ILL 6212) 
 are in the catalogue trials. 

In Egypt the early lines FLIP84-51L (ILL 5722) with small seeds andFLIP84-112L (ILL with5782) large seeds are inboth pre-releasemultiplication. National Agricultural Rassarch gstems. 

3.1.2.2. Advances for southern latitude region 

This region comprises the sub-continent of India and Ethiopia whereearly flowering habit is required an
together with resistance to rust,ascochyta blight and wilt. The importarne of foliar pathogens contrastswith other major areas of lentil production. 
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There are three strong lentil breeding programs in Pakistan with two 
in Faisalabad and the remaining program in Islamabad. Over the last five 
years ICARDA has worked closely with these programs in joint selection 
as the focus of a thrust to broaden the genetic base of lentils in South 
Asia. Progress is now apparent and two lines are to be registered 
shortly and are in 250 on-farm trials/ demonstrations this season. One 
of them is the early line 87519, selected from a segregating population 
from ICARDA, opening a new potential cropping niche, because it flowers 
18 days before the local, allowing its late sowing (mid-Dec.) in fields 
vacated by late paddy rice. The new niche can extend the potential area 
of the crop considerably. It has resistance to rust, Ascochyta and 
Botrytis. The line is already in our international early trials. 

The major production problem in Bangladesh addressable through 
breeding is rust. We have been making targeted crosses for Bangladesh 
of rust resistance sources with the local susceptible cultivar 'L5' in 
the base program at Tel Hadya. Selections have now been made in 
Bangladesh of adapted rust resistant plants in the F, generntion from this 
material and a selection from the cross ILL 4353 x ILL 353 was released 
in 1993.
 

India has a strong lentil breeding program coordinated under the All 
India Coordinated Pulse Imprcvement Project of the Indian Council of 
Agricultural Research (ICAR). We have good relations with ICAR. During 
the 1989/90 season ILL 4605 was included in every crossing block in India 
on the basis of its large seed and ccmbined resistance to rust and 
Ascochyta blight. During the 19)0/91 season there were a total of 60 
test entries in the All-India Coordinated lentil trials, of which 12 
entries core from crosses with TLL 4605 as a parent. The Indian 
Agriculture Research Institute, New Delhi has selected two ICARDA lines 
([IS 362 and IS 2865) for inclusion in the All India trials with large 
seeds (5.5 g/100 seeds), early flowering and a high yield potential. 

Nepal grows more than 120,000 ha of lentil spread from the Terai area 
adjacent to India to the lower Mid-Hills. The Grain Legume Improvement 
Program of Nepal has shown that lines from the Pakistani/ICARDA breeding 
orogram are excellently adapted to Nepali conditions. For example, the 
cultivar Sikhar (ILL 4402) originated in Pakistan and the best introduced 
lines in Nepal come from the joint Pakistan/ICARDA breeding program. 

In Ethiopia NEL 2705 and FLIP 84-7L (ILL 5680) were released in 1993. 
Ada and Akaki are the areas where the released line NEL 358 is becoming 
very popular and a study on its impact is underway. 

In Sudan Rubatab 1 (ILL 813)was released for cultivation in the 
Northern Province and Aribo 1 (ILL 818) was registered for use in Jebel 
Mara Region in 1993. National Agricultural Research Systems. 



122 

3.1.2.3. Advanoes for high altitude region 

The high altitude region primarily consists of those regionsAfghanistan, Iran, Pakistan and Turkey where lentil is 
of 

normally grown as a spring crop because of the severe winter cold. This season at Ankarathe national program of Turkey has again demonstrated that winter-sownlentil has a higher yield potential than the spring-sown crop, providedthere is sufficient winter-hardiness in the cultivar. In the LentilInternational Cold Tolerance Nursery at Ankara the checks weresusceptible to cold and killed and the ILL lines 468, 1918, 465 and 983 were tolerant and selected in descending order of merit. 

In Iran the lines ILL 842 and ILL 949 are promisirq and due for 
testing on farmers' fields.
 

The lines FLIP84-4L and FLIP85-7L are in the pre-release stage at theArid Zone Research Institute, Quetta, Pakistan on the basis of their coldtolerance and larger seed size than the local cultivar. National 
Agricultural Research Systems. 

3.1.2.4. Advances in other areas 

The New Zealand Institute for Crop and Food Research has registeredlentil FLIP87-53L (ILL 6243) as a variety during 1993. It is a redcotyledon line which has out-performed the ccmiercial standard and iswell received by the lentil trade for use either whole or split. 

In Australia there is now considerable interest in lentil. Prior tothe testing of germplasm from ICARDA, lentil assessment in Australia waslimited to a few lines representirg phenological extremes - extra earlyand extra late flowering and maturity. ICARDA Mediterranean-adapted
material has fitted in well into the vacuum. In Victoria seed of the redlentils FLIP84-51L (ILL 5722) and FLIP84-58L (ILL 5728) and the greenlentil FLIP84-154L (ILL 5823) were handed over to a private company forcamnercialization by the Victorian Institute for Dryland Agriculture onthe basis of their consistent yield advantage. It is hoped that theselines will be the basis for a viable lentil industry. In New South Walesthe lines FLIP84-5LL (ILL 5722) and FLIP86-16L (ILL 6002) are in multilocation testing following their selection at Tamworth over several seasons. The most promising new selection in South Australia is FLIP84
61L (ILL 5731). 

The line Crimson (ILL 784) released for the dryland areas of the U.S.Palouse region in 1991 was grown on about 3000 ha last year. Yields havebeen high at 2-3 t/ha and the area is expected to triple next season asseed becanes available. National Agricultural Research Systems. 



123 

3.2. Application of Biotechnology 

3.2.1. Lentil Mapping Project 

This project is a collaborative research program between ICARDA and 
Washington State University. The objective of this study is to evaluate 
if new biotechnologies such as the use of DNA-marker (RFLP, PCR) can be 
used in a system of marker assisted selection to support lentil breeding 
strategies at ICARDA. 

Asrochyta and Fusarium diseases cause the most severe biotic 
stresses in lentils within the region. One parent of the mapping 
population (ILL 5588) carries resistant gene(s) for Ascochyta and 
Fusarium. The mapping populations z-rc bning use. t: devs1op rarkers 
closely linked to th.? resistance employing both linkage mapping as well 
as bulk segregation analysis. Once established, the marker(s) can be 
used to follow up the resistance genes in other crosses of the breeding 
program. Frthermore, the populations will be used to generate a genetic 
linkage map for lentils to learn more about the inheritance of both 
qualitatative and quantitative genes. 

3.2.1.1. Development of the mapping ppulation 

L692-15-8(F) x L92-7-16 (ILL 5588) crc- s 1 and L92-17-2 (ILL 5588) x 
L692-16-1(S) cross 2 were established by Dr. F. Muehlbauer in 1992. ILL 
5586 carries resistant gene(s) for Ascochyta and Flisariumand the other 
two parents are single pla. ,i: selections from the same genetic background 
for slow (S) and fast (C) isozyme alleles. The populations were 
constructed originally for the use of isozymes. The chosen crossing 
scheme should ensure that segregation for each isozyme can be recorded 
in either of the poulations. 

The populations will be advanced using Single Seed Descent (SSD) to 
develop homozygous lines for quantitative trait loci (QIL) analysis 
(Figure 3.2.1). Meanwhile linkage mapping is carried out on F2 
populations using RFLP, PCR, isozyme, and morphological markers. The 
screening for reaction to Ascochyta and Fusarium will be carried out 
after seed increases on F3 or F4 families. The resistance reaction can 
be traced back to the corresponding F2 family. Markers, identified 
through segregation analysis, which are associated or linked with the 
resistance have to be verified in the homozygous lines in F7. Additional 
markers might then also be developed by cloning cosegregating markers 
with the resistance in bulk segregation analysis. After a seed increase 
lines will be planted and tested in the field for all available 
qualitative and quantitative differences. With a statistical QTL 
analysis using MAPMAKER program traits can then be linked to defined 
chronosome regions and specified markers. 



LENTIL MAPPING PROJECT:ICARDA/WSU
 
TIME GENERATION ACTI VI TiI!eS 

/91 L-(5588)x L692(S) Crosses in WSU
 
L692(F) x L(5588)
 

/92 
 F1
 
04/93 F2 	 Isozymes, morphology 

RAPD-, RFLP-markers 
0/93 SSD F3 RAPD-analysis 

01/94 	 SSD F4 	 Ascochyta and wilt 

screening on 
F3 families

04/94 	 SSD F5 RAPD-,RFLP-markers 
10/94 SSD F6 RAPD-,RFLP-markers 

W/95 	 Field F7 QTL-analysis 
Test RAPD-markers 

Figure 3.2.1. Development and advancing of the mapping pcpulations to develop homozygous lines for a QTL-analysis. 
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3.2.1.2. The mapping approach 

Within the mapping populations morphological, isozymes and PCR markers 
are being used to establish a linkage map. Segregation for 
morphological, isozymes and PCR markers is given for cross 1 below (see 
Table 3.2.1 and 3.2.2). 

Morphological Markers: In cross 1 the epiootyl color segregated 
according to an expected mendelian ratio of 3 green to 1 red (Table
3.2.2). Even though the cotyledon color and the presence of leaf 
tendrills varied for the parents, the F2 population did not show 
segregation. 

Table 3.2.1. 	 F2 data file of cross 1 for segregation analysis with the 
MAPMAKER 1.9 program. A describes a banding pattern 
homozygous for parent A, B homozygous for parent B, C for 
not being AA (either AB or BB), D for not being BB (either 
AB or AA) and - for missing data. 

Marker* 	 Segregation in 38 individual F2 plants 

GS (morphol.) A CtCCC 
AAT4 (isozyme) CCtCCCACACCCCCACA-COCtCCttttxCCCCCAA 
AA72 (isozyme) HHBBAAHAAAABHBHHA-AHBBHAAAAHAHAHHHAA 
113 (RAPD) DBBBBDBDBBBBBDBDBDBDBBBBBDDBBDBBBBDBDB 
J18 (RAPD) DDBDBDDODDODBBBDDDDDBDBDBDDDDBDDDDD 
ME2a (isozyme) HBAHA-AHBHBHB}LA HBB-H 
M2a (RAPD) DOODDDBDB--DDBBDIDD-D-DDB-DID-DOW-DDDDD 
M2b (RAPD) DDDDBDBD--DBDDDDD-B-BBB-BBBBBBB-BBBBB 
M3a (RAPD) CAAAC CCAACCCACAAAAAC C 
M3b (RAPD) DDIDID)DBBBDDDBDDDBBDDBBBBBBDBDDDIDBBBB 
M6c (RAPD) -DDDDD-DDDB-D-DBDDODDBD-DDDDDDBD-
M7a (RAPD) BBBBBDBDIDDDDDDDD-DD-BBDDBBBBBDDOODBBB 
M7b (RAPD) ACACACAACCAAAAAC-CAA-CCAAANACACAAACAC 
Ml8a (RAPD) DIDD-D-DB-DBD--D-D-DD-DDOIDDDIDDDD 
Ml8b (RAPD) CttC-A-CC-CA--CAC-ACACC-CCCACCxCACAC 
X8 (RAPD) DDDDDDDB-BDDD-DDBBBBBBDBBBBDBDDOBBDB 
Yll (RAPD) CCCCAACCCACC----------------CCAACA 
Y14 (RAPD) A-CACtACCCCACCCACCCCCCcCAcc-ACCA 

*GS is epicotyl color, AAT and ME isozymes, and I,J,M,X and Y are RAPD
markers of the Operon kits with the same initials. 

Isozym s: For isozyme analysis green plant material was collected from 
all individual mature plants. Two different gel systems were used, the 
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standard and the histidine gel. At the AAT-locus AAT-2 and AAT-4 (Figure3.2.2) segregated while at the ME-locus only ME-2 showed variation. Thesegregation for AAT-2 and ME-2 could be recorded as a 1:2:1 segregation,whereas presence or absence of the isozyme band at the AAT4 locus wasrecorded as a 3:1 segregation (Table 3.2.2). All three isozyme loci hada skewed segregation, segregation did not fit an expected 3:1 or 1:2:1mendelian segregation (Table 3.2.2).
 

Table 3.2.2. X'-square analysis for the segregation of markers in the F2 
population of cross 1. 

Marker Number of individuals for X2
the different classes square* 

GS (morphol.) A=27, 0=71, X2= 0.51AAT4 (isozyme) A=44, C=53, X-20.37**AAT2 (isozyme) A=36, H-=47, B=14, X=0.07**ME2 (isozyme) -A=19, H=41, B=36, X2= 8.06**113 (RAPD) B=26, D=13 X=36.95**J18 (RAPD) 
 B= 9, D=29 -X= 0.03M2a (RAPD) -B= 5, D=27 X-= 2.29M2b (RAPD) A=13, C=19 X2= 5.33**M3a (RAPD) A=15, C=22 
 X2= 8.98**
M3b (RAPD) B=16, D=21 X2= 6.57**M6c (RAPD) B= 4, D=28 X2= 2.67M7a (RAPD) B=16, D=20 X2= 7.26**Ml8a (RAPD) R= 2, D=28 X2= 6.53**Ml8b (RAPD) A= 8, C=23 X2= 0.01X8 (RAPD) B=16, D=20 X2= 7.26**Y11 (RAPD) A= 7, C=-31 X2= 0.79Y14 (RAPD) A= 9, C=-28 X2= 0.01
 
* 
 Threshold value at a probability of 95% for 1 df (A,C or D,B) = 3.84

and for 2 df (A,H,B) = 5.99; ** indicates markers with skewed
segregation.
 

RAPD-Markers (Random Amplified Polymorphic EVA): 
 DNA was isolated from
all F2 individuals according to standard procedures. The RAPD primers(10 mers) are commercially available from Operon Technologies (availableat ICARDA kits F to Z). The PCR-amplification protocol was standardizedfor DNA template and primer concentration, enzyme, nucleotide and Mg++concentration on a Hybrid thermocycler and the Perkin Elmer system 9600.Standard reactions of 50 jil volume, contained 50 ng of DNA, 200 PM ofdNTPs, 5pM of primer and 1U of Taq-polymerase. The amplification programwas 1 cycle for 2 min at 940C for DNA denaturation, 40 cycles of 
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anplification for 1 min. at 92 0C, 1 min at 360C and 2 min at 72 0C and a 
final step for 5 min at 720C.
 

Parent 1 and 2 of cross 1 were screened for polymorphisms with the 
same primers (Figure 3.2.3). A polymorphism between the parents is 
supposed to be genetically inherited if the reaction conditions applied 

Figure 3.2.2. Segregation at the isozyme locus AAT. The upper band 
segregates at the AAT-4 locus, the botton segregation zone 
segregates for AAT-2/3. From left to right: lane I parent 
1, lane 2 parent 2, followed by segregation for 18 
individuals. 
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are the same. An identified polymorphic marker is subsequently appliedto the segregating population (Figure 3.2.4). RAPW-segregation isrecorded as a dominant marker (3:1 seregation), presence and absence a specific banding pattern. Absence 

of 
describes homozygosity for oneparent (A or B), whereas presence of a bawl can be either hamozygosityfor one parent or heterozygosity. Linkage analysis was performed usingMAPMARKR. The following linkages revealed:were 

M3b - X8 35.7 cM 25.5% 
X8 - M2b 2".2 cM 21.6% 

Figure 3.2.3. Parental screening for polymorphism with RAPD-markers.
From right to left: lane 1 and lane 2 = amplification
product of parent 1 and 2 with priner 1-13, lane 3 and 4=amplification product of parent 1 and 2 with primer J-18.Following pairs of parents are screene with M-2, M-3, M
7, M-16, M-18, S-3, X-8. 
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Figure 3.2.4.a 	 Segregation of RAPD-primer M7 in the F2 of cross 1. Frot 
right to left: Parent 1 lane 1, parent 2 lane 20, lane 
2-19 F2 individuals. The first segregating band from the 
top of the gel is given the letter a, the marker is M7a. 
Additional segregating bands below are indicated with 
continuous following letters b, c etc. The second 
segregating band is M7b. 

Figure 3.2.4.b. Segregation of RAPD-primer M18 (Dxplarations see 4a). 



130 

The high number 	of skewed segregation ratios might be due to a) thelow number of individuals tested for segregation and/or b) due to 	askewed segregation of parental alleles 	within the population. As the
second mapping 	population is almost the reciprocal cross of the firstmapping 	 population, this population will be tested for the segregation
of RAPD-markers 	 to detennine the quality of the population for linkagemapping. I. Mahxo4 and M. Baun, W. Erskine, B. Bayaa (Alepo
University) and 	F. Muehbauer (WSU). 

3.2.2. 	 Genetic Variation and Phylogenetic Relationships among Cold 
Tolerant Accessions of Lentil 

To complement the screening for winter hardiness in lentil (see section
3.1.1.8), 4 cold tolerant (ILL 3516, ILL 1405, ILL 1879 and ILL 630), one
cold resistant (ILL 662) and two cold susceptible (ILL 1189 and ILL 485)accessions of lentil were fingerprinted with the (GGAT)/DraI probe/enzyme
combination to study the genetic variation among them (Figure 3.2.5).
The data was analyzed using Wagner parsimony method and compared withtheir geographical origin (Figure 3.2.6). All 7 accessions were grouped
into 4 groups, depending on their genetic divergence. Cold tolerant lines
from India (ILL 	3516) and Iran (ILL 1405) are genetically different from
the cold tolerant lines from Turkey (ILL 1879, ILL 630). 

1 2 3 4 
5 

6 7 M 

Figure 3.2.5. 	 DNA fingerprint of 7 lentil accessions using (GGAT),/DraI 
probe/enzyme combination. Lanes 1-7 show the
fingerprints of ILLs 485, 630, 662, 1189, 1405, 1879 and
3516 respectively. Lane 8 ontains the molecular weight
marker, 	 lambda EcoRI/HindIII digest. 
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The cold resistant line (ILL 662) coming from Turkey is more closely 
related to Indian and Iranian old-tolerant lines than to Turkish cold
tolerant accessions. The two cold susceptible accessions (ILL 1189 from 
Iran and ILL 485 from Lebanon) are highly divergent. From this 
observation we could conclude that resistance/tolerance to cold is in 
different genetic background as confirmed by their different geographic 
origin. F. Weigand, S.M. Udupa, W. Erskine and I. Kismenoglu. 

Accession Cold Reaction Origin 

3'LL 3516 Tolerant India 

34 

ILL 1189 Susceptible Iran 
63 42 

ILL 1405 Tolerant Iran 

100 	 ILL 662 Resistant Turkey 

ILL 1879 Tolerant Turkey 

ILL 630 Tolerant Turkey 

ILL 485 Susceptible Lebanon 

Figure 3.2.6. 	 Phylogenetic relationships among 7 lentil accessions. The 
numbers at the forks indicate the number of times the 
group consisting of the accessions to the right of that 
fork occurred among the 100 bootstrap replicates. 
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3.3. Lentil Mechanization
 

3.3. 1. Spring-tyne Harrow for Weed control 

Lentil harvest is the major production problem in the Mediterranean
region because of the high cost of harvest labour. Systems ofmechanization have been developed to decrease the cost of production ofthe crop (see FLIP and LP Annual Reports 1986-1992). 

In Syria the major traditional production areas of lentil were inAleppo and Idlib Provinces until the end of the 1980s, when harvestmechanization in the Kameshly area lifted the lentil area dramatically.In Kameshly about 80,000 ha of lentil were sown in 1989 and approximately
25 %were harvested by swathe-mower in 1990. 

An important aspect of lentil management which is a pre-condition forharvest mechanization is weed control. Considerable research has beenconducted 
' 

on chemical weed control and recomndations for products areavai> k'c in many countries. Mechanical weed control may be considered as an alternative or as an adjunct to chemical control. As the bestplant population levels for lentil production in the Mediterranean basin are above 250 seeds M 2 
, it is difficult to use inter-row cultivation on
lentil. In Canada dryland lentil farmers often supplement their chemicalweed control with the use of a spring-tyne harrow when the crop is about10 cm tall. The operation is 

and 
done across the whole field uprooting weeds some lentils. It is only feasible while the weeds are still smalland an super-optimal rate of seeiing is required to compensate for crop

losses.
 

[urinj 1993 we experimented with mechanical weed control using aspring-tyne harrow on a lentil crop drilled on December 22, 1992 at 440-. 
seeds m Tie working width of the harrow was 3 m and workii.3 speed wasc. 8 km(P < 0.05) h'. Strips of the field were harrowed on February 28,

1993 and some of these strips ware harrowed again on March 5, 1993.
There were thus three treatments: 1. No harrow (control), 2. Single pass
of the spring-tyne harrow, and 3. 
 Two passes of the spring-t'vie harrow.Plant counts of weed and crop density were made in quadrats (0.25 m?)
within each treatment.
 

The resulting plant counts are shown in Figure 3.3.1. The weeddensity in the unharrowed lentil was 67 plants M 2 thewith dominantspecies .inapis arvensis. The spring-tyne harrow significantly (P <0.05) reCuced both weed and crop density. This reduction was linear andthe regression of weed density on to the number of harrow passes was y= 67 - 27x . FAch harrow pass reduced weed density by 27 2plants m or 40
%. Similarly the reduction in the crop density was also linear at y = 434 - llOx and significant at P < 0.05. Each harrow pass reduced the
crop siand by 110 plants M2. This has to be compensated in advance atseeding. In this case the 2initial density of 434 plants M was super
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optimal and a single pass of the harrow reduced the weed density by 40 
% 

"2 
and reduced the crop density to around the known optimum of 300 plants 

m . Our preliminary observations shcw that the spring-tyne harrow is 
promising in this environment and it merits further testing. J. Diekmann 
and W. Erskine. 

500 

O Weed no. 

X Lentil no. 
400 

y=434-1 1Ox 
E 
U) 300 

0 
Cd+-

C 200 

100 
y=67-27x 

0 	 2 
Number of passes 

Figure 3.3.1. 	 Plant counts of weed and crop density from 0.25 m2 

quadrats of lentil with different numbers of passes of the 
spring-tyne harrow for weed ontrol. Standaid errors are 
shown as bars.
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3.3.2. Short Course on Legume Harvest Mechanization 

A legume harvest mechanization short course was conducted at Tel Hadya
from 9 to 20 May 1993 jointly organized by the Legume Program and the
Pasture Forage and Livestock Program, including lecturers from Farm
Resource Manaqement Program and Station Operations. The course was
attended by a total of 8 participants from Algeria, Egypt, Lebanon,
Sudan, Syria, Turkey and Yemen. The purpose of the training was to
demonstrate various systems of legume production and mechanization in 
order to decrease production costs. 

The program of both lectures and practicalo included harvest
machinery, particularly different mowers (self-propelled and tractor
drawn) and the combine harvester. Other topics covered were the problems
of mechanization, the breeding and agronomy of mechanization for
different legumes, seed-bed preparation, economics and techniques for
farmer interviews and on-farm trials. In addition, trainees presented
the situation of legume production and mechanization in their own 
countries.
 

3.4. Lentil Entomology 

3.4.1. Effect of Sitona crinitus on Lentil Yield 

Fxperiments were conducted at Tel Hadya, Jinderess and one on-farm 
location, Alkamiye using Promet insecticide at 12 ml/kg lentil seed for
Sitona control. At all three locations N1, technique used to quantifywas 

the effect of insecticide control 
of Sitona on nitrogen fixation. 

Oviposition of Sitona started in mid February, earlier than last
 
year. At all locations the niuber of eggs per 
soil sample was greatly
reduced by Promet treatment. The mean nodule damage was low (5%) at
Alkamiye at the first sampling date (29 March), when at Tel Hadya and
Jinderess already 48% damage was noted. This was observed previously
also and is due to lower temperatures at Alkamiye. 

At all locations Promet treatment significantly (P>0.05) decreased 
the nodule damage and increased lentil seed and biological yields (Figure
3.4.1). 

Plant samples were taken at harvest and analysed for nitrogen
content. No significant differences due to treatment were found,
although the nodule damage ranged from 60% at Alkamiye to 74% at
Jinderess and was significantly reduced by Promet treatment (Table
3.4.1). The nitrogen yields, however, were significantly higher with
Promet treatment at all locations, apparently due to crop yield
increases. Soil samples from all treatments were also taken and analysed
for NH4 and NO, and total nitrogen content, but differences were not 
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significant.
 

Promet Tel Hadya
 

Check-


Promet jinderess
 

Check -


Promet Alkan _y_
 

Check

80 60 40 20 0 1 2 3 4 5 6 

% nodule damage Yield (t/ha) 

U % nodule damage R- Seed yield L Total yield 

Figure 3.4.1. 	 Effect of application of Promet on lentil seed and 
biological yield and nodule damage by Sitona crinitus at 
3 locations, Syria, 1992/93. 
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Table 3.4.1. Effect of Pramet (12 ml/kg seed, P 12) treatment on lentil 
percent nitrogen content, seed,
and 

total and nitrogen yieldnodule damage Sitona 3by at locations in Syria,
1992/93. 

Location Treatment %N Lentil yield N yield % nodule 
(kg/ha) (kg/ha) damage on

Seed Total 11 April 

Tel Hadya Check 2.09 1178 3950 82.6 71.8 
P 12 2.15 1338 4647 
 100.1 6.2

S.E.M. 
 0.04 32.6 32.3 2.1 
 0.1

LSD 5% 
 NS 146.6 145.3 9.5 5.9
 

Jirneress Check 
 2.48 1796 3492 85.0 
 74.6
 
P 12 2.47 2288 
 4606 113.9 3.9

S.E.M. 0.05 
 72.1 132.7 4.6 
 2.8

LSD 5% NS 
 324.6 596.9 20.9 
 12.5
 

Alkamiye Check 
 2.46 1717 
 3710 91.1 59.8

P 12 2.45 2303 
 5105 124.9 2.6

S.E.M. 
 0.03 105.4 167.6 4.5 
 1.0
LSD 5% 
 NS 474.1 754.3 20.2 
 4.6
 

This season, Promet treatment for Sitona control was evaluated inthe lentil on-farm verification trials at 6 locations in some major
lentil growing areas 
of Syria (in the south, middle, northwest, north andnortheast). Sampling for nodule damage was carried out twice, in the endof March and early May. At all locations Sitona nodule damage was found,
but severity differed between locations (Table 3.4.2). In the first
sampling (end of March) high nodule damage of more than 70% was recordedin southern and middle Syria (Daraa and Hama areas), whereas in Aleppoand Hassakeh the damage was only about 30 to 45%. These differences innodule damage resulted in visible plant growth differences. Plants fromcheck plots at high damage sites were smaller and yellowish as comparedto plants from Promt treated plots. At the second sampling (early May)differences in nodule damage between locations were less. At alllocations Promet treatment significantly reduced nodule damage. Lentilseed and biological yield, however, did not differ significantly betweentreatments, perhaps because of high residual fertility of the soil. 
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Table 3.4.2. 	 Effect of Prcmet (12 ml/kg seed) treatment on lentil seed 
and total shoot yield and nodule damage by Sitona at 
different locations in Syria, 1992/93.
 

Location Treatment % nodule damage Lentil yield 
_kq/ha) 

28 March 5 May Seed Total shoot 

Daraa 
Da'el 	 Check 74.3 87.3 758 1518
 

Prt 1.4 31.4 726 2821
 
Hama 
Souran 	 Check 70.0 80.0 1491 2929
 

Pramet 0.3 5.9 1780 2837
 
Idleb 
Afes Check 61.8 63.0 2106 3824
 

Pramet 0.9 7.8 2090 4236
 
Aleppo
 
Kafer Naseh Check 33.5 84.8 479 1267
 

Pramet 0.1 9.9 915 1462
 
Hassakeh
 

Om Elrabia Check 33.9 68.8 n.a. n.a.
 
Promet 0.7 6.2 n.a. n.a.
 

These results show that sitona occurs in all the lentil growing areas 
in Syria but in the southern region damage is severe. In Aleppo and 
Hasakeh area nodule damage was low in March but had increased to high 
levels in May. Most likely Sitona infestations start later and slower 
here than in south because of lower temperatures. The experiments also 
confirmed the effectiveness of Prcmet treatment for Sitona control. S. 
Weigand, A. Joubi, and A. Seoud (ARC, Douma). 

3.4.2. Aphid 	Control in Lentil 

Because of relatively low aphid infestation the experiment for economic 
control using different levels of aphid infestation as threshold could 
not be carried out as planned. Only the following treatments could be 
applied: seed treatment with Gaucho 35 (Imidchlorid) at 2.85 ml/kg seed, 
one spray of Pirimor 50 (0.5g/l) at the lowest infestation level of 50 
to 200 aphids per board (20 n x 50 cm) and weekly spray. The highest 
number of aphids was recordeu in late April, but only reached a mean of 
45 aphids per board. The seed treatment with Gaucho did not have a 
significant effect on the number of aphids. This insecticide has been 
found to give effective control of aphids in cereals in Egypt and Sudan. 
The Gaucho treatment is less effective in Syria perhaps because it does 
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not persist for the long period of about 5 months between sowing andaphid infestation in lentil here as caepared to only 2 months in cereals 
in BEypt and Sudan. 

Sampling for nodule damage in the plants from this experiment showedthat Gaucho does not have an effect on Sitna, as the nodule damage was a mean of 82 % with Gaucho and 85 % in the check. This was confirmed ina small greenhouse experinent in which Sitona adults were placed onlentil plants at seedling stage treated with Prcmet, Gaucho and check.Within 24 hours all Sitona on Prcamet treated plants were dead, whereasthe ones on Gaucho treated plants continued to survive causing as muchfeeding damage as the ones on the non treated lentil. S. Weigand and A. 
Joubi. 
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4. FXXGE LGUM IMPROV E11 

Rapidly growing livestock population of the dry areas of West Asia and 
North Africa has accentuated demand for fced. &'rlier, natural range 
lands provided almost the entire feed supply for anials, but overgrazing 
during the last three decades has severely degraded the natural 
vegetation, leading to feed shortage. These shortages are especially 
acute during late sunmer and early winter. Growing suitable annual 
forage-legume crops, such as vetches (Vicia spp.) and chicklings 
(Lathyrus spp.), can alleviate this problem. These crops are one of the 
major options to interrupt barley monoculture or to replace fallow in 
barley-basod rotations in dry areas. These annual crops can be used for 
grazing during winter and early spring and harvested for hay in spring 
or for grain and straw at full maturity. They differ from food legume 
crops only in the end use - they are used to feed livestock, whereas food 
legimes mainly for human consumption. 

Although there is a large diversity of species of Vicia and Lathyrus 
in the Mediterranean region, only a few have been used as feed crops and 
these have received little attention in the past by plant breeders and 
agronomists. Legume program pays particular attention to such annual 
species of these two genera which could be adapted to areas where 
seasonal rainfall ranges from 250 to 400 mm. 

4.1.. Forage Legume Breeding 

The general objective of our breeding program is to develop and produce 
improved cultivars of feed-legume crops and to target these crops to feed 
livestock in areas with less than 400 mm. It is also desirable to have 
widely adapted cultivars that can be recomrended for different locations 
with similar agroecological conditions. While attempting to improve 
yield potential and adaptation to environment, emphasis is laid on 
ensuring that the palatability, intake and nutritive value of herbage, 
hay, grain and straw are acceptable. This work is being done in a close 
collaboration with PFLP. 

In vetches, we are dealing with Vicia sativa L. (conon vetch), V. 
villosa ssp. dasycarpa Tan. (wooly-pod vetch), V. ervilia L. (bitter 
vetch), V. palaestina R. (Palaestine vetch), and V. panonica GR. 
(Hungarian vetch) to develop improved cultivars. In chicklings, we 
concentrate on Lathyrus sativus L. (comon chickling or grasspea), L. 
cicera L. (dwarf chickling) and L. ochrus L. (DG) (ochrus vetch). Work 
is also done on Vicia sativa ssp. amphicarpa Dorth (underground vetch) 
and Lathyrus ciliolatus L. (underground chickling) which produce pods 
both underground and aboveground. Two approaches are adopted to develop 
improved lines of Vicia and Lathyrus spp. In one, selection is effected 
in the wild accession- to develop improved cultivated types. In the 
second, hybridization is done to introgress desirable traits, using the 
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selections from wild accessions. The work is carried out by a multidisciplinary team involving breeder, physiologist, pathologist,ertomologist and animal nutritionist. A description of the scheme ofbreeding was given in the 1992 Legume Program Annual Report. 

In 1992/93, germplasm of Lathyrus spp. was evaluated incollaboration with GRU. Prordsing genotypes (selections) of Viciasativa, V. ervilia, V. narbonensis, V. panonica, V. hybrida, V.palaestina and Lathyrus sativus were tested in preliminary microplotfield trials at Tel Hadya (seasonal total rainfall 277 imm). Promisinglines of V. villosa ssp. dasycarpa and non-shattering V. sativa weretested in Tel Hadya, and promising lines of V. narbonensis, L. sativus,L. cicera and L. ochrus were tested at Tel Hadya and Breda (seasonaltotal rainfall 285). After screening common chickling for lowneurotoxine (BOAA) acontent, crossing program was initiated in 1990/91for improving nutritional quality of the crop by breeding. F1 and F2generations were grown in 1992/93 at Tel A study toHadya. investigatethe potential of subterranean vetch (V. sativa ssp. ampiicarpa) underactual grazing conditions and its effect on the subsequent barleyand its self-regeneration after barley, 
crop 

was continued. Crosses of V.sativa ssp. sativa and V. sativa ssp. amphicarpa were made and F1 and F2plants were studied. The reaction of promising lines against majorfoliar and root diseases was monitored. All the breeding work was doneunder rainfed conditions without suplementary irrigation. 

As an international center with major responsibilities for WANA,aim to serve the national feed improvement programs through: 
we 

(1) assembling, classifying, evaluating, maintaining and distributing
germplasm;

(2) developii and supplying breeding populations with adequatediversity to be used in different environments; and(3) co-ordinating international trials to facilitate multilocation
testing and identification of widely adapted cultivars. 

4.1.1. Germplasm Evaluation 

4.1.1.1. Agronomic evaluation of chickling accessions 

The appraisal was carried out of 1082 accessions representing 30 speciesof Lathyrus in nursery in arows trial in collaboration with the GeneticResources Unit (GRU). A total of 100 entries of L. sativus, L. ciceraand L. ochzus were selected on the basis of visual evaluation of seedlingvigour, winter and spring growth, cold effect, leafiness, erect growthhabit, arid earliness to floiwer and mature. Further evaluation of theirherbage and seed yields, reaction against major foliage and rootdiseases, and BOPA content will be done in 1993/94. Results of theLathyrus geimplasm evaluation are reported in the 1993 Annual Report of
GRU. A.A. El Moneim and L.D. Robertson. 
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4.1.1.2. Evaluation of vetches and chicklings for cold tolerance 

To compare the tolerance level of various vetch and chickling species and 
to identify sources of tolerance to cold in each species two experiments 
were conducted. Two susceptible-cum-indicator checks of camn vetch, 
IFVI 534 and IFVI 708, and two checks of comnon chickling, IFIA 199 and 
IFLA 432, were included for screening of the respective species. 

The test entries along with the checks were grown in a randomized 
block design with two replications at Tel Hadya. The plantings were done 
on 1 Oct 1992 and one irrigation (40 m) was applied to ensure good 
germination. The susceptible check was included after every 10 test 
lines. The crop experienced freezing temperatures for 48 days and the 
minimum temperature was -8.70C on 17 Jan 1993. Visual cold tolerance 
ratings on a 1-9 scale (1= no cold damage, 9= killed by cold, were 
assigned after the susceptible checks gave a rating of 9. The higher 
rating of the two replications was considered as the actual cold
tolerance rating of the lines. 

Vetches: 
Three hundred and twenty one accessions of various vetci species found 
cold tolerant during 1991/92 were evaluated for reconfirmation of their 
cold tolerance reaction in the 1992/93 season. Almost all the accessions 
rated tolerant (rating <4) except 1,1,2 and 2 accessions from V. ervilia, 
V. hybrida, V. narbonensisand V. peregrina, respectively (Table 4.1.1.) 
which were rated 5.
 

Table 4.1.1. 	 Reconfirmation of cold tolerance reaction in germplasm 
accessions of vetches during 1992/93 season at Tel Hadya. 

Cold rating (1-9 scale, l=free, 9=highly susceptible) 
Species 1 2 3 4 5 6 7 8 9 Total 

V. ervilia - - 5 24 1 - - - - 30 (100) 
V. hybrida - - 58 1 1 - - - - 60 (60) 
V. narbonensis - - 45 7 2 - - - - 54 (96) 
V. peregrina - 24 13 1 2 - - - - 40 (40) 
V. sativa - - 28 12 - - - - - 40 (103) 
V. villosa - 7 89 1 - - - - - 97 (97) 

Total - 31 238 46 6 1 - - - 321 (496) 

Values in brackets are the total number of accessions tested for cold 
tolerance during 1991/92. 
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cbicklings:
Two hundred and thirty eight accessions found tolerant to cold in 1991/92season were evaluated for confirmation of their cold-tolerance reactionduring 1992/93. All the accessions (except in five accessions where theearlier rating of 4 was increased to 5) were found cold tolerant during1992/93 season (Table 4.1.2). 

Table 4.1.2. Reconfirmation of cold tolerance reaction of 238accessions of various species of chicklings during 1992/93
season at Tel Hadya. 

Species Cold rating (1-9 scale, 1=free, 9=hiqhly susceptible)
1 2 3 4 5 6 7 98 Total 

1992/93
 

I'. annuus - 21 -  - - -. apliaca - 21 (21)- 2 78 1  - - - 81 (85)!,. cicera 


- - 53 9 2 -  - - 64 (70)1-. hieoosolihLitanus - 1 44 - 2  - 47 (47)L.nvirmuratus - 
- - 7-  - -,. - - 7 (7)oc-us - - -1  - - - - 1 (48)L. pfeudocicera - - 13 3 1 -  - -1'. sativus 17 (17)
- - - - - - - - - 0 (203) 

Total - 3 216 14 5 -  - - 238 (498) 

Values in brackets are the total number of accessions tested for cold
tolerance in 1991/92. 

In addition to the above mentioned evaluation, 445 new accessions
were evaluated for cold tolerance and the results revealed that almost340 accessions were tolerant (with rating of <4). It was interesting tonote that out of the new accessions evaluated a few accessions of L.sativus and L. o-hrus also showed tolerant reaction (Table 4.1.3). R.S.Malhotra, A.A. El Moneim and M.C. Saxena. 

4.1.2. Preliminary Microplot Evaluation 

Microplot Yield Trials (MYT) provide the first opportunity for breedersto examine the agronomic characteristics of their selections fromgermplasm evaluation with the objective of getting high herbage and seedyields, resistance to biotic and abiotic stresses and good nutritive 
value.
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Table 4.1.3. 	 Cold tolerance reaction of new accessions of various 
chicklirg species during 1992/93 season at Tel Hadya. 

Species Cold rating (1-F scale, l=tree, 9=highly susceptible) 
1 2 3 4 5 6 7 8 9 Total 

L. annuus - 3 12 - - - - - - 15 
L. aphaca - 39 8 - 4 2 - - - 53 
L. blepharicarpus - 7 18 - 3 1 - - - 29 
L. cassius - 6 - - 1 - - - - 7 
L. cicera - 10 15 - 1 2 - - - 28 
L. cilicicus - 2 - - - - - - - 2 
L. clymenum - - 1 1 1 1 - 7 3 14 
L. gorgoni - 12 30 2 - 1 1 - - 46 
L. hierosolymitanus - 15 4 - - - - - - 19 
L. Ilirsutus - 3 1 - - - - - - 4 
L. incospicuus - 58 6 3 3 . . . . 70 
L. marmoratus - 2 6 - - - - - - 8 
L. nissolia - 2 - - - - - - - 2 
L. ochrus - 1 - 1 4 3 4 2 - 15 
L. pseudccicera - 11 3 1 2 - - - - 17 
L. sativus - 2 - 17 10 12 9 10 2 62 
L. sphaericus - 1 3 - - - - - - 4 
L. vinealis - - 2 - 2 - - - - 4 

Other lathyrus species - 18 12 2 7 6 1 - - 46 

Total 	 - 192 121 27 38 28 15 19 5 445 

In 1992/93 season microplots of six Vicia spp. and two Lathyrus spp. 
were planted at Tel Hadya in 3.5 m2 plots arranged in triple lattice 
design. Numbers of entries for each trial are shown in Table 4.1.4. 
Seed rate for Vicia villosa ssp. dasycarpawas 80 kg/ha and for the other 
species was 100 kg/ha and fertilizers were applied at 40 kg P205/ha. 
These microplot experiments were in two sets. One was harvested at 100% 
flowering to determine the herbage yield (CM) and the other was harvested 
at maturity to measure seed and straw yields and other agronomic traits. 

4.1.2.1. Common vetch (Vicia sativa) 

Two sets each of 25 selection, of common vetch were tested at Tel Hadya. 
In the first trial (Trial 1), selections were evaluated for the second 
time and in the second trial (Trial 2) this was the first evaluation. 
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Table 4.1.4. Forage legume species and number of entries tested at Tel 
Hadya 1992/93 in microplot yield trials.
 

Species 
 No. of entries (selections)
 

Vicia sativa Trial 1 25
V. sativa Trial 2 25
V. evilia 25
V. narb-xnensis 
V. panonica 

36 
25
V. hybrida 16
V. pilaestina 16
Lathyrus sativus 
 16
 

Total 

184
 

In Trial 1 the results of the ten most promising lines are shown inTable 4.1.5. The herbage production (CM) at 100% flowering varied from2623 to 3617 kg/ha, total biological yield at maturity ranged from 3664to 4682 kg/ha, while the harvest index ranged from 34 to 39%. The hightotal biological and seed yields of IFLVS 2483 , 2496 and 2504 wereattributed to their rapid winter growth, early flowering and maturity andbetter frost tolerance. IFLVS 2483 is also characterized by highleafiness and leaf:stem ratio, and resistance to lodging. 

In Trial 2 the results of the top 12 promising lines are shown inTable 4.1.6. Herbage yield varied from 1783 to 4060 kg/ha, grain yield
ranged from 938 to 1710 kg/ha, and the harvest index from 29 to 45%. Therelatively low herbac and grain yields were due to low rainfall. Commonvetch is adapted to rainfall above 350 mnm. Selections in Trial 1 aremore adapted to lower rainfall and they underwent selection for twoyears. Hence yields were higher Trialin 1 than Trial 2. 

4.1.2.2. Vicia erviLja (Bitter vetch) 

Twenty five selections were tested at Tel Hadya. atHerbage yield (DM)100% flowering varied from 2646 to 4347 kg/ha, total biological yield atmaturity ranged for 3619 to 4630 kg/ha,
952 

while the grain yield varied fromto 2130 kg/ha. Table 4.1.7 shows the performance of 12 topselections. Bitter vetch showed good tolerance to cold with rapid winterand spring growth. Its yields are therefore substantially better thanthose of common vetch, and it is clear that this neglected species
deserves further attention. 
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Table 4.1.5. 	 Herbage, biological and grain yields, harvest index (%), 
days to flowering and maturity of the top 10 selections of 
cownon vetch (V. sativa) in preliminary yield trial 1 at 
Tel Hadya.
 

Selection Herbage Biological Grain HI Days to 
IFLVS yied yield yield 

(kg/ha) (kg/ha) (kg/ha) (%) flowering maturity 

2483 3346 4682 1779 38 112 146 
2484 2959 4317 1511 35 114 148 
2486 2924 4466 1563 35 113 151 
2487 2632 4186 1549 37 114 148 
2488 3014 4247 1529 36 112 146 
2489 3092 4014 1485 37 114 149 
2490 2974 4130 1528 37 114 149 
2496 3113 4329 1645 38 112 147 
2501 3167 4297 1504 35 110 146 
2504 3170 4453 1692 38 112 147 
Grand mean+ 3035 4089 1513 37 112 149 
SE ± 201 237 88 1.5 0.6 1.0 
LSD (P=-0.05) 577 679 252 4.4 1.7 2.8 
CV (%) 11.4 9.9 10.0 7.3 0.9 1.1 

+ Mean for all 25 selections. 

Table 4.1.6. 	 Herbage, biological and grain yields, harvest index (%), 
days to flowering and maturity of the top 12 selections of 
comn vetch (V. sativa) in preliminary yield trial 2 at 
Tel Hadya.
 

Selection Herbage Biological Grain HI Days to 
IFLVS yield yield yield 

(kg/ha) (kg/ha) (kg/ha) (%) flowering maturity 

2560 3363 3882 1475 38 114 154
 
2566 3371 3393 1493 44 115 152
 
2567 3147 3800 1710 45 105 144
 
2607 3456 3834 1687 44 114 148
 
2610 4060 3963 1625 41 110 146
 
2616 3125 3578 1,510 45 120 156
 
2617 3046 3979 1671 42 115 151
 
2618 3380 3929 1493 38 115 149
 
2621 2757 3733 1493 40 117 156
 
2626 3303 3761 1542 41 ill 151
 
2627 3395 3793 1555 41 109 147
 
2628 3652 3767 1582 42 112 146 
Grand mean+ 2959 3582 1397 39 116 155 
SUL+ 226 180 83 1.9 0.6 1.0 
ISD (P=0.05) 648 517 239 5.6 1.7 2.8 
CV (%) 13.2 8.8 10.3 8.6 0.9 1.1 

+ Mean for all 25 selections.
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Table 4.1.7. 	 Herbage, biological and grain yields, and days toflowering and maturity of the top 12 promising lines ofbitter vetch (V.ervilia) in preliminary yield trials at
 
Tel Hadya.
 

Selection 	 Herbage Biological Grain Days toIFLVE yield yield yield

(kg/ha) (kg/ha) (kg/ha) 
 flowering maturity
 

2563 4085 4543 
 1999 113 152
2508 4347 4451 
 2003 112 
 146
2509 
 3645 4350 2001 
 110 147
2510 
 4138 4317 
 1986 110 147
2512 
 4040 4349 1957 
 11 1492513 
 4096 4424 
 1858 110 
 149
2516 3949 4630 
 2130 108 145
2517 4224 
 4391 1932 
 110 147
2520 3635 
 4402 1981 112 
 151
2522 4078 4489 
 1975 108 146
2646 
 3435 3902 1756 
 116 152
2649 3351 
 4242 1909 
 117 158
 

Grand mean+ 3668 4273 
 1803 114 
 153
SE ± 205 196 109 
 0.7 1.2LSD (P=0.05) 589 556 313 	 2.1 3.4 

CV (%) 9.7 8.0 10.5 1.1 1.3 

+ Mean for all 25 selections. 

4.1.2.3. Narbon vetch (Vicia narubaniensis) 

Thirty six selections of narbon vetch were tested in microplot fieldtrials at Tel Hadya.The total biological yield varied from 3733 to 4933kg/ha, grain yield from 1389 to 2072 kg/ha, whereas the harvest indexranged from 36 to 45%. Narbon vetch showed good cold tolerance withrapid winter growth and early maturity. The early genotypes were ableto set seeds and form pods before the onset of late spring heatescape damage from broomrape (Orohanche crenata 
and 

Fosrk.). The totalbiological yield was therefore negatively correlated with days toflowering and maturity (r=-0.408, P<0.05 and r=-0.403, P-0.05). Theresults indicate the need to search for early maturing genotypes ofnarbon vetch. The 16 selections which combined high biological and grainyields, high harvest index and early maturity are shown in Table 4.1.8. 
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Table 4.1.8. 	 Biological and grain yields, and harvest index (%), days 
to flowering and maturity of the top 16 promising 
selections of narbon vetch (V. narbonensis) grown at Tel 
Hadya. 

Selection Biological Grain Harvest Days to
 
IFLVN yield yield yield
 

(kg/ha) (kg/ha) (kg/ha) flowering riturity
 

2376 4933 2072 42 103 136
 
2377 4785 1962 41 107 136
 
2379 4543 1908 42 101 142
 
2381 4234 1863 44 103 140
 
2384 4298 1848 43 100 137
 
2385 4683 1920 41 100 138
 
2386 4386 1886 43 101 135
 
2389 4366 1790 41 102 138
 
2395 4420 1768 40 103 140
 
2396 4459 1828 41 107 140
 
2397 4650 2046 44 100 138
 
2463 4475 196-) 44 98 140
 
2598 4122 1855 49 100 135
 
2600 4283 1757 41 101 139
 
2602 3945 1657 42 107 141
 
2635 3919 1646 42 105 140
 

Grand mean+ 4353 1741 40 112 149
 
SEM± 262 112 1.2 0.5 0.8
 
LSD (P=0.05) 739 314 3.3 1.5 2.5
 

CV (%) 10.5 12 5 0.8 0.9 

+ Mean for all 36 entries. 

4.1.2.4. Hungarian vetch (Vicia panonica) 

Twenty five selections were assessed in microrlot field trials at Tel 
Hadya. Herbage yield variod from 1906 to 2719 kg/ha, whereas, grain 
yield varied from 975 to 1429 kg/ha. Hungarian vetch showed some cold 
tolerance, had slow winter growth which was followed by rapid spring 
growth and long flowering period. The low herbage production is due to 
the low winter growth. Table 4.1.9 shows the performance of top 9 
selections for both high herbage and grain yields. 
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Table 4.1.9. 	Herbage, biological and grain yields, and days to
flowering and maturity of the top 9 selections of V.
panonica in preliminary yield trials at Tel Hadya. 

Selection 	 Herbage Biological Grain Days to 
IFLVP 	 yield yield yield


(kg/ha) (kg/ha) (kg/ha) flowering maturity 

2653 2719 
 3547 1135 
 119 160

2655 2292 
 3475 1112 
 119 163

2665 2375 3560 1246 
 122 162
 
2667 2091 4124 1402 122 164

2669 2189 4060 1421 123 165
 
2670 2528 4179 
 1429 123 165

2672 2110 
 3970 1310 129 166
 
2673 2446 4121 1360 121 161
 
2674 2111 
 3716 1189 123 
 164
 

Grand mean+ 2320 3803 1179 121 163
 
SEM± 176 190 69 
 0.7 0.7

LSD (P=0.05) 
 501 544 197 1.9 2.1
 

CV (%) 13.2 8.7 10.2 0.9 0.8 

+ Mean for all 25 selections.
 

4.1.2.5. Broad-podded vetch (Vicia hybrida) 

Sixteen selections of this species were tested in microplot field trials 
at Tel Hadya and the performance of the best six prcnising selections isshown in Table 4.1.10. Herbage yield varied frcm 2107 to 2685 kg/ha,
total biological yield varied from 2991 to 3881 kg/ha whereas, grain
yield varied from 815 to 1128 kg/ha. The crop showed a prostrate andcoqmct growth 	habit and a slow winter growth followed by a rapid spring
growth. This makes the species more suitable for grazing than as a grain
crop, although for grazing also it will be inferior to the underground
vetch (Vicia sativa ssp. amphicarpa). Its low harvest index and low
grain yield were partly due to the prostrate growth habit that makes seed 
harvest difficult. 

4.1.2.6. Palaestine vetch (Vicia padaestina) 

Sixteen selections of this species were evaluated in microplot yield
trials at Tel Hadya. The biological, herbage and grain yields of thebest seven selections are shown in Table 4.1.11. Herbage yield varied 
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from 1733 to 2454 kg/ha, total biological yield from 2739 to 3438 kg/ha, 
whereas, grain yield varied from 777 to 1284 kg/ha. Although frost 
susceptible, the crop was able to recover quickly after frost damage. 
The yields were, however, poor. It grows in areas receiving 250 nm 
rainfall. It is a sprawling vetch that needs much selection and 
hybridization before becoming acceptable as a feed legume crop. 

Table 4.1.10. 	 Herbage, biological and grain yields, and days to 
flowering and maturity of the top 6 promising selections 
of Vicia hybrida in preliminary yield trials at Tel Hadya. 

Selection Herbage Biological Grain Days to 
IFLVH yield yield yield 

(kg/ha) (k'g/ha) (kg/ha) flowering maturity 

2540 1416 2991 1017 108 153
 
2541 2685 3573 929 109 153
 
2544 2149 3238 1036 106 150
 
2546 2672 3723 968 108 154
 
2547 2223 3300 1089 110 155
 
2551 2221 3346 937 108 153
 

Grand mean+ 	 2377 3426 949 109 154
 
SE 161 249 64 0.6 0.8
 
ILSD (P=-0.05) 475 733 185 1.7 2.3
 

CV (%) 11.8 12.5 12.0 U.9 0.9 

+ Mean for all 	16 selections. 

4.1.2.7. Comon chickling (Lathyrussativus) 

Sixteen selections were tested at Tel Hadya. Results of the top 6 
selections are shown in Table 4.1.12. Herbage yield varied from 2147 to 
3085 kg/ha, biological yield from 3763 to 5125 kg/ha, whereas, the grain 
yield from 1618 to 2255 kg/ha. Lathynis sativus was moderately affected 
by cold in early spring. It is characterized by slow winter growth, 
rapid grcwth in the spring and long flowering period. The late rain 
favoured attack by powd.ry mildew (Erisiphepisi) when pods were forced. 
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Table 4.1.11. 	 Herbage, biological and grain yields, and days to 
flowering and maturity of the best 7 selections of V. 
palaestina in preliminary yield trials at Tel Hadya. 

Selection Herbage Biological Grain Days to 
IFLVPa yield 

(kg/ha) 
yield 
(kg/ha) 

yield 
(kg/ha) flowering maturity 

2523 
2525 
2526 
2528 
2529 
2533 
2536 

1928 
2027 
2454 
2263 
2064 
2414 
2155 

2912 
3438 
3075 
3318 
3008 
3016 
3132 

990 
1272 
1230 
1261 
1143 
1116 
1284 

ill 
11 
109 
110 
110 
108 
108 

149 
154 
148 
153 
152 
150 
147 

Grand mean+ 
SEM± 
LSD (P=0.05) 
CV (%) 

2103 
198 
583 

16.3 

3011 
201 
590 

14.2 

1084 
93 

270 
15.0 

i1 
0.5 
1.4 
0.7 

152 
0.9 
2.8 
1.1 

+ Mean for all 16 selections. 

Table 4.1.12. 	 Herbage, biological and grain yields, and days to
flowering and maturity of the best 6 promising selections 
of Lathyrus sativus in preliminary microplot yield trials 
at Tel Hadya. 

Selection Herbage Biological Grain Days to 
IFLLS yield yield yield

(kg/ha) (kg/ha) (kg/ha) flowering maturity 

554 	 2210 4200 1848 116 
 168
 
560 	 2307 5125 2255 117 166

563 	 2367 4045 1699 
 115 164
 
566 	 2770 4233 1905 
 115 160

568 	 2631 3984 
 1793 117 166

587 3085 4260 
 1917 113 157
 

Grand mean+ 2523 4370 1879 
 116 164
 
SE ±4 147 291 131 
 0.4 0.7
LSD (P=-0.05) 433 857 386 
 1.3 2.1

CV (%) 10.0 12.0 13 0.7 0.8 

+ Mean for all 	16 selections. 



151 

4.1.2.8. Relationship of yield with winter growth and phenology 

For cool-season feed-legume species winter growth and early flowering and 
maturity are important selection criteria. Table 4.1.13 shows the 
correlation coefficients of total biological yield with some major 
characters. In V. sativa, V. ervilia and V. narbonensis, winter growth 
is significantly correlated with total biological yield. Early winter 
grcwth gives a good opportunity for early grazing, providing animals with 
green fodder in early spring when other feed resources are scarce. Leafy 
types of V. sativa can be grazed in early spring. 

Days to flowering and maturity weie negatively correlated with total 
biomass proluction in V. sativa, V. ervilia and V. narbonensis. The 
early genotypes of these species produced more biomass than the late 
ones. In contrast, in V. panonica days to flowering and maturity were 
positively correlated with total biomass. This is mainly due to its slow 
winter growth and late maturity (Figure 4.1.1). There is a clear need 
to continue search for early maturing genotypes of V. sativa, V. ervilia 
and V. narbonensis and genotypes with rapid winter growth and early 
maturity in V. panonica for the high elevation cold regions. 

Yield levels of V. sativa, V. ervilia, V. narbonensis and L. 
sativus, suggest that they could be used by farmers who want straw and 
grain for winter feeding. V. sativa could also be recamiended for hay 
making in the sprinq, whereas, V. hybrida and V. palaestina would be 
suitable
 
yields. 
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Figure 4.1.1. 	 Variation in Phenology of 6 Vicia spp. and 2 Lathyrus spp. 
grown at Tel Hadya 1992/93. 



Table 4.1.13. Correlation of total bicmass with other agronmic traits in six Vicia spp. and oneLathynrs spp. in microplot yield trials. 

Characters Vicia Vicia Vicia Vicia Vicia Vicia Lathyussativa ervilia narbonensis panonica palaestina hybrida sativus
 

Winter growth 
 0.465* 0.471* 
 0.403* -0.417* -0.205 -0.148 -0.211Days to start flowering -0.514* 
 -0.725*** 
 -0.518* 
 0.414* -0.263
Days to maturity 0.166 -0.386
-0.528** -0.780*** -0.455* 
 0.514* -0.163
Total seed yield 0.794*** 0.796*** -0.084 -0.432*
0.770*** 0.664*** 0.757**
Straw yield -0.379 0.923***
0.932*** 0.334 

Harvest Irdex 

0.853*** 0.865*** 0.779** 
 0.955*** 0.953***
-0.281 
 0.527** 
 0.073 
 0.039 
 0.332 -0.772** 0.183
 

* Significant at P = 0.05; ** significant at P = 0.01 and *** significant at P = 0.001.
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4.1.3. Advanced Yield Trials 

Experiments were carried out to test promising lines of wooly-pod vetch 
at Tel Hadya and of narbon vetch, camixn chickling, dwarf chickling and 
ochrus chickling at Tel Hadya and Breda. These lines were selected on 
the basis of their performance in microplot yield trials. The trials 
were sown and managed as microplots but with larger plot size (28 m2). 

4.1.3.1. Advanced Yield Trials of wooly-pod vetch at Tel Hadya 

hirty six lines were tested at Tel Hadya. There were great differences 
in winter growth, days to flowering and maturity, herbage yield at 100% 
flowering, degree of leaf retention and harvest index. Herbage yield 
varied from 2533 to 3265 kg/ha and yield from 107 to 555 kg/ha. Seed 
yield was negatively correlated with days to flowerxq and maturity (r= 
0.795 and -0.685, respectively, P<0.001), although not the herbage yield. 
The harvest index ranged from 5 to 17%. The best twelve lines (high 
yield of both herbage and seed) are shown in Table 4.1.14. 

Table 4.1.14. Herbage, biological and grain yields, harvest index (%), 
and days to flowering and maturity for the top 12 lines 
of wooly-pod vetch grown in AYT at Tel Hadya. 

Selection Herbage Biological Grain HI Days to 
IFLVVD yield yield yield 

(kg/ha) (kg/ha) (kg/ha) (%) flowering maturity 

2424 2811 2944 471 16 117 158
 
2432 2790 3165 538 17 122 160
 
2435 2564 3265 555 17 121 152
 
2436 2893 2929 498 17 122 162
 
2438 2603 3667 550 15 120 162
 
2439 3163 3199 506 15 120 160
 
2442 2894 3163 506 16 118 157
 
2443 2617 2924 497 17 123 161
 
2450 2867 2906 465 16 120 159
 
2454 3103 3375 540 16 119 160
 
2455 2889 3206 545 17 119 158
 
2457 2881 3100 465 15 118 158
 

Grand mean+ 2817 3175 454 14.3 121 161 
SEM± 109 279 53 1.6 0.5 1.0 
LSD (P=0.05) 313 792 153 4.6 1.4 2.9 

CV (%) 6.7 15.2 20.4 19.4 0.7 1.1 

+ Mean for all 36 lines.
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Wooly-pod vetch is unaffected by broomrape (Orobanche crenata Forsk)and tolerant of cold. It is also characterized by rapid winter growthwith a long flowering period. This gives the species the advantage ofsuitability for early grazing for a long period, even at moderate to highelevations and in broomrape infested lowlands in the WANA region. 

4.1.3.2. Advanoed yield trials of other vetches and chicklings at Tel 
Hadya and Breda
 

Twentyfive promising oflines narbon vetch (Vicia narbonensis) andsixteen each of common chickling (Lathyrussativus), dwarf chickling (L.cicera) and ochrus chickling (L. ochrus) were evaluated under rainfedconditions at two contrasting locations i.e. Tel Hadya and Breda, inthree years 1990/91, 1991/92 and 1992/93. The two locations were chosento sample the environmental conditions of the cereal zone in Syria.Climatic conditions during the three years are described in thecorresponding Annual Reports of the Legume Program. The two locations
in each of the three years were treated as separate environment to givesix environments altogether, with annual rainfall range from 241 to 352 
nMM. 

The experiments were sown in a triple lattice design with threereplicates. Plot size was 5 x 5.8 m2. The experiments were sown withan Ojyord experimental drill soon after the first autumn rains.Seeding
rate was 100 kg/ha. Field germination was about 95% in all experiments.All plots received a basal dressing of 40 kg P205/ha. Observations ondisease incidence, parasitic weeds aid nematodes were made. Genotype xenvironment (GxE) interactions were analyzed using linear regression
(Perkins & Jinks, 1968). 

The study of genotype (line) x environment interactions leads tosuccessful evaluation of stable lines which could be used in futurebreeding programmes. The "stability" is measured linear regression
(b value) of line mean 
as a 


yield on the average of all lines in eachenvironment. It is a measure of the response of a particular line tochanges in environment. Any significant deviation from the averageresponse (b=1.0) is because of the genotype (line) x environmentinteraction. In addition to the regression coefficient, deviation aroundregression lines (Sb) is considered as measurea of stability. The bestline is one which has high mean yield across environments along withregression coefficient not significantly different from 1.0 and the leastdeviation from regression (S). Coefficients of determination (r- values)are also computed from linear regression analysis as a measure of 
goodness of fit. 

Results of narbon vetch:

Mean total biological and grain yields and three 
stability parameters
i.e. regression coefficient (b), deviation around regression lines (Sb)and coefficient of determination (r) are given in Table 4.1.15. 
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Tabla 4.1.15. 	 Mean total biological and seed yields and estimates of 
stability parameters for 25 lines of narbon vetch based 
on six environments. 

Lines Total biological yield Seed yield 
IFLVN (kq/ha) (kq/ha)
 

X b ±, X b ±s, r2
 

2561 4007 1.08 0.25 0.83 1362 0.86* 0.13 0.91
 
2380 3958 1.06 0.12 0.95 1567 1.05 0.10 0.96
 
2383 4211 1.06 0.07 0.98 1599 1.01 0.05 0.98
 
2387 3618 1.04 0.11 0.95 1514 1.04 0.01 0.96
 
2388 3949 1.02 0.09 0.97 1406 0.86* 0.07 0.96
 
2390 3828 0.86* 0.21 0.95 1415 0.84* 0.19 0.92
 
2391 3685 0.96 0.11 0.95 1369 0.84* 0.14 0.89
 
2392 4119 1.16* 0.19 0.95 1543 1.19* 0.18 0.90
 
2393 3818 0.94 0.07 0.97 1443 1.05 0.05 0.98
 
2461 4051 1.03 0.13 0.94 1438 1.07 0.14 0.93
 
2462 3968 0.92 0.12 0.94 1433 1.07 0.09 0.96
 
2464 3960 0.80* 0.17 0.84 1328 0.81* 0.15 0.88
 
2465 3952 0.95 0.09 0.96 1367 1.05 0.10 0.96
 
2466 3694 0.93 0.13 0.93 1279 1.04 0.12 0.94
 
2467 4068 1.01 0.09 0.97 1428 1.06 0.10 0.96
 
2468 4008 1.14* 0.16 0.92 137*7 0.92 0.10 0.95
 
2469 4004 1.04 0.07 0.98 1444 1.04 0.09 0.97
 
2470 3956 0.99 0.10 0.96 1363 0.99 0.12 0.94
 
2471 3982 1.02 0.12 0.94 1437 1.03 0.09 0.96
 
2473 4117 1.00 0.11 0.95 1476 1.07 0.10 0.96
 
2474 3966 1.20* 0.21 0.96 1455 1.22* 0.25 0.96
 
2475 3908 0.95 0.08 0.98 1487 1.04 0.06 0.98
 
2476 3821 0.86* 0.17 0.97 1436 0.91 0.07 0.97
 
2477 4149 0.92 0.02 0.94 1631 0.92 0.05 0.98
 
2478 4127 1.08 0.05 0.99 1446 1.10 0.09 0.95
 

Grand 3957 1442
 
mean
 
SE 297 124
 
LSD 582 242
 
(P=-0.05)
 

* Significantly different from 1.0 at 0.05 probability level. 
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Differences among the 25 lines for both bological and grain yieldswere significant. Total biological yield ranged from 3618 to 4211 kg/ha,while grain yield rainged from 1279 to 1631 kg/ha. On the basis ofenvironmental mean values (Table 4.1.16), 	 variations among environments were significant. Mean biological yield varied from 1929 kg/ha atenvironment 4 to 5358 kg/ha at environment 2, while grain yield variedfrom 677 kg/ha at environment 6 to 2052 kg/ha at environment 1. Meanperformance was high at both Tel Hadya and Breda in 1992/93, whenrainfall was 277 and 285 mm and total number of frost days 59 and 54,wasrespectively. This indicates that narbon vetch could be adapted to lowerrainfall areas with <300 in and it tolerates the frost spelis occurringduring winter and early spring. Narbon vetch is also characterized by
rapid winter growth and early maturity. 

Table 4.1.16. 	 Mean total biological yields and seed yields (kg/ha) in 
Vicia narbonensis for the six environments. 

Envir. Loc. Year Rain No. of Biological Seed
No. (m) frost yield yield
 
days
 

Yield Rank Yield Rank
 

1 TH 1990/91 290 35 4
3724 	 1237

2 1-H 1991/92 352 57 5358 1 2052 

5
1
3 TH 1992/93 277 59 4810 2 1844 2
4 BR 1990/91 241 35 1929 6 677 6
5 BR 1991/92 264 73 
 3225 5 1282 4
6 BR 1992/93 285 54 4716 3 
 1564 3
 

Mean 
 3957 	 1443

LSD 
 823 	 343
 
(5%)
 

Pooled analysis of variance showed that the mean differences betweenlines and environments were significant at (P<0.05). 	 The genotype(lines) x environment interaction component was found to be 	significant.
A large portion of this was accounted for by the linear component. 

Considering the two complex characters, biological yield and grainyield, lines IFLVN 2383, 2473, 2477 and 2478 had high mean yields,regression coefficients not significant from unity and low (q) values.They would thus be considered as the most 	 stable lines acrossenvironments. -rom our previous observations, these lines showed greatercold tolerance and seedling vigour and early maturity. Their full 
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exploitation in future breeding program would be beneficial. Lines IFLVN 
2392 and 2474 had high mean yields, had regression coefficients 
significantly above unity and greater deviation from regression 
suggesting that these lines are adapted specifically to favourable 
environments. In contrast, lines IFLVN 2390 and 2464, had relatively 
high yields along with regression coefficient significantly below 1. 0 and 
greater deviation fran regression revealing that these lines are adapted 
specifically to unfavourable environmental conditions. Their 
exploitation would prove to be very useful under poor environments. 

Results of oommon chickling: 
Mean total biological and grain yields across environments and three 
stability parameters are given in Table 4.1.17. Differences among the 
16 lines for both biological and grain yields were significant. The 
biological yield varied from 2440 to 2950 hg/ha, whereas, the grain yield 

Table 4.1.17. 	 Mean total biological and seed yields and estimates of 
stability parameters for 16 lines of coomion chickling 
based on six environments. 

Lines Total bio.ogical yield Seed yield 
IFLLS (kq/la) (kci/ha) 

X b ±S' r2 X b ±S' r 

587 2892 0.74* 0.22 0.74 975 0.72* 0.14 0.86 

504 2789 1.07 0.09 0.97 980 1.02 0.04 0.99 
505 2547 1.06 0.09 0.97 814 0.98 0.08 0.97 
508 2775 1.07 0.05 0.95 953 1.03 0.03 0.94
 

510 2914 1.21* 0.13 0.96 1050 1.29* 0.13 0.94 

516 2695 0.92 0.15 0.90 806 0.96 0.10 0.95 

519 2835 1.20* 0.15 0.94 832 1.19* 0.08 0.98 

520 2665 1.05 0.13 0.94 804 1.05 0.07 0.98 

522 2766 0.91 0.07 0.97 888 0.83* 0.04 0.99 

527 2666 1.20* 0.09 0.98 930 1.22* 0.17 0.98 

528 2440 0.93 0.07 0.98 900 0.90 0.05 0.98 

529 2880 0.82* 0.12 0.92 962 0.86* 0.03 0.99 

530 2638 0.97 0.09 0.96 782 1.00 0.06 0.98 

531 2648 0.74* 0.09 0.94 822 0.78* 0.09 0.94 

533 2511 1.11 0.15 0.93 847 1.1 0.09 0.97 
535 2950 0.97 0.07 0.88 900 1.04 0.07 0.98 

Grand mean 2726 	 892 
SFN± 236 	 115 
LSD 462 	 225
 
(P=0.05) 

* significantly different from 1.0 at 0.05 prrxibility level. 
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ranged from 782 to 1050 kg/ha. On the basis of the environmentalvalues, environment 	 mean2 (Tel Hadya 1991/92) gave the highest biological 	andgrain yields, while the lowest biological yield was in environment(Breda 1990/91) and the lowest grain yield 	

4 
was environment 1, (Tel Hadya1990/91) (Table 4.1.18). Mean performance was relatively high at both
Tel Hadya and Breda in 1992/93. Relatively high rainfall and corducivetemperatures at Breda in 1992/93 encouraged development of diseases suchas Ascochyta blight (caused by Ascochyta pisi. f.sp. lathyri) onchickling. Therefore, 	 ccnMon conmn chickling produced lower biological andgrain yields at Breda than at Tel Hadya during 1992/93 (Table 4.1.18). 

Table 4.1.18. Mean total biological yields and seed yields (kg/ha) inLathyrus sativus for the six environments.
 

Envir. Loc. Year 
No. 	

Rain No. of Biological Seed

(mm) frost yield 
 yield
days _____________Yield 
Rank 
 Yield 
Rank
 

1 TH 1990/91 290 
 35 2433 
 4 310
2 TH 1991/92 	 352 57 3744 
6
 

1 1464 1
3 TH 1992/93 	 277 
 59 3366 2 1311 2
4 BR 1990/91 	 241 35 
 1335 6 
 344 5
5 BR 1991/92 	 264 73 
 2584 5 
 950 4
6 BR 1992/93 	 285 54 
 2894 3 
 973 3
Mean 
 2726 
 892
LSD 
 653 
 318
 
(5%) 

The pooled analysis of variance showed that genotypeenvironment interaction was significant and 	
(line) x 

great portion of this wasaccounted for by the linear component. 

Lines IFLLS 504, 508 and 535 had high 
mean yields across
environments and b values not significantly different from
deviation around regression lines (q), suggests 
1.0, and low
 

that these lines arestable with wide adaptation. IFLLS 510 527and wereyielding, showing linear 	
found to be highresponse

conditions. 	 to the changes in environmentalThese two lines could be recompended for the improved andfavourable environments. Two lines IFIES 587 and 531 were found to behigh yielding but less responsive to changes in the elivironments and thuscould be exploited for poor environmental conditions. Inclusion of boththese lines in future breeding progranmes under unfavourable conditionswould be highly desirable. 
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Reumlts of dwarf chickling: 
Differences among lines for biological and grain yields were not 
significant (Table 4.1.19). Mean total biological yields across 
environments for the 16 lines ranged frcm 2987 to 3364 kg/ha, and for 

Table 4.1.19. 	 Mean total biological and seed yields and estimates of 
stability parameters for 16 lines of dwarf chickling based 
on six environments. 

Lines Total biological yield Seed yield 
IFLLC (kc/ha) (kq/ha) 

X b -Sh r X b ±S, r, 

501 3153 1.20* 0.17 0.97 1109 2.25* 0.18 0.90
 
486 3311 1.17* 0.06 0.99 1191 1.00 0.12 0.94
 

487 3272 0.96 0.02 0.99 1240 1.05 0.03 0.99
 

488 3069 1.03 0.12 0.94 1124 0.89* 0.14 0.90
 
489 3214 1.06 0.14 0.94 1223 1.14 0.10 0.96
 
490 2987 1.00 0.03 0.99 1152 1.10 0.06 0.98
 
491 3084 0.87* 0.06 0.98 1207 0.98 0.08 0.96
 
492 3198 0.80* 0.02 0.94 1163 0.82* 0.07 0.92
 
493 3240 0.98 0.03 0.99 1194 0.97 0.03 0.99
 
494 3268 1.08 0.12 0.95 1218 1.13 0.10 0.96
 
495 3201 0.99 0.11 0.95 1177 0.97 0.07 0.97
 
496 2993 0.89 0.09 0.95 1140 0.89 0.05 0.98
 
497 3179 0.98 0.18 0.87 1215 0.89 0.09 0.95
 
498 3255 1.02 0.11 0.96 1148 0.90 0.09 0.95
 
499 3164 0.93 0.06 0.98 1132 0.97 0.07 0.98
 
500 3364 1.03 0.05 0.99 1239 1.20* 0.04 0.99
 

Grand 3183 	 1179
 
mean 
SE 215 96
 
LSD 422 188
 
(P=0.05) 

* Significantly different from 1.0 at 0.05 probability level. 

grain yields from 1109 to 1240 kg/ha. Variations among environments were 
significantly different (Table 4.1.20). Mean biological yields ranged 
from 1819 kg/ha at Breda 1990/91 to 2895 kg/ha at Breda 1992/93, whereas, 
seed yields ranged frown 680 kg/ha at Breda 1990/91 to 1685 kg/ha at Breda 
1992/i-3. Breda 1992/93 gave the highest biologica) and grain yields, 
while Breda 1990/91 gave the lowest yields. Statistically non
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significant values were found for line x environment (linear) interaction
for both biological and grain yields, indicating that differences among
most of the 16 lines regression coefficients were not present. This
reflects the narrow genetic diversity of the material under study. This was, not the case in narbon vetch and con chickling. The little
variation in the regression coefficients indicated of thethat most 16
lines did not have different environmental response. Two lines IFLLC 491aiid 492, showed high mean yields with regression coefficient
significantly below unity and low deviation from its regression line,evealing that they are specifically adapted to unfavourable conditions.
IFLLC 501 and 486 were found to be high yielding, showing linear response
to the changes in the environmental conditions. These lines could berecommended for the favourable environments. Inclusion of both these
lines in future breeding prcgrammes aiming at developing high yielding
lines of dwarf chicklicj would be useful. 

Table 4.1.20. Mean total biological yields and seed yields (kg/ha) in 
Lathyrus cioera for the six environments. 

Envir. Loc. Year Rain No. of Biological Seed
 
No. (mm) frost yield yield
 

days
 
Yield Rank Yield Rank
 

1 TH 1990/91 290 35 2789 4 536 5
2 TM 1991/92 352 57 3819 2 1539 3
3 TH 1992/93 277 59 3740 3 
 1552 2
4 BR 1990/91 241 35 1819 6 680 6

5 BR 1991/92 264 73 3036 5 1082 4

6 BR 1992/93 285 54 3895 
 1 1685 1
 

Mean 
 3183 1179
 
LSD 
 597 265
 
(5%) 

Results of ochrus chickling:

Variation among environments was significant (P<0.05) 
for mean biological
and grain yields (Table 4.1.21). Mean yields ranged from 546 (Breda
1990/91) to 3270 kg/ha (Tel Hadya 1992/93), and from 150 kg/ha (Breda
1990/91) to 1202 kg/ha (Tel Hadya 1992/93) for biological and grainyields, respectively. 'Tel Hadya 1992/93' was the highest yielding
environment for both biological and grain yields. 
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Table 4.1.21. Mean total biological yields and seed yields (kg/ha) in 
Lathyrus ochrus for the six tnvironments. 

Envir. Loc. Year Rain No. of Biological Seed 
No. (m) frost yield yield 

days 
Yield Rank Yield Rank 

1 TH 1990/91 290 35 1841 5 386 5 
2 TH 1991/92 352 57 1967 4 714 4 
3 TH 1992/93 277 59 3270 1 1202 1 
4 BR 1990/91 241 35 546 6 150 6 
5 BR 1991/92 264 73 2568 3 772 3 
6 BR 1992/93 285 54 2732 2 1139 2 

Mean 2154 727 
LSD 609 243
 
(5%) 

Differences among the 16 genotypes (lines) for biological and grain 
yields were significant (Table 4.1.22). Biological yield ranged from 856 
to 1892 kg/ha, while grain yield rmged from 625 to 856 kg/ha. The 
highest yielding line was IFLLO 548. This line had better tolerance to 
cold and drought compared with other lines. It has high yields across 
environments with regression coefficients significantly different from 
unity and low deviations from regression. It could be recommended for 
poor environments with low rainfall and frequent cold spells. 

The development of forage legume cultivars from different species 
which maintain a high level of performance over a range of environments 
is our main goal. Therefore, assessment of genotype (line) x environment 
interaction is important in forage legmnr- breeding program for 
evaluating promising lines for their adaptc.'dlity. The use of two 
contrasting sites in three years could help us to identify adapted lines 
for specific environment. 

In depicting "poor" and "good" environment, it seems reasonable that 
for biological and grain yields the environment should be precisely 
described for each species. For example, ochrus chickling is adapted to 
low rainfall areas and can grow on soil infested with Orobanche because 
of its resistance, but is poorly adapted to areas with high frequency of 
frosts. In contrast, narbon vetch and dwarf chickling are susceptible 
to Orobanche, drought, and frost spells at early spring. Therefore, in 
our studies ochrus chickling was the lCest yielding species, whereas, 
narbon vetch and dwarf chickling were the highest yielders (Figure 
4.1.2). 
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Table 4.1.22. Mean total biological and seed yields and estimates
stability parameters 

of 
for 16 lines of ochrus chickling

based on six environments.
 

Lines 
 Total biological yield 
 Seed yieldIFL) (kg/ha) 
2 

(kg/ha)
X b ±+S, r X b _S 

185 2278 0.94 0.10 0.95 
 734 1.00 
 0.12 0.94
537 2285 1.02 0.04 
 0.99 
 850 1.10 
 0.06 0.98
538 2328 1.10 0.06 
 0.99 625 
 1.12* 0.03 
 0.99
539 2095 0.83* 0.09 0.95 
 745 0.89 0.09 0.95
540 2308 0.93 0.06 0.98 
 791 0.99 0.03 0.99
541 2181 1.02 0.20 0.87 
 737 0.88* 0.13 0.92
542 1915 0.94 0.16 0.89 730 
 1.00 0.16 
 0.90
543 1892 1.09 0.14 
 0.90 699 
 1.07 0.08 0.97
545 2047 1.09 0.18 0.90 
 715 1.07 
 0.16 0.91
546 2153 0.99 0.14 
 0.92 691 1.07 0.11 0.96
547 2014 0.90 0.12 
 0.94 730 
 0.91 0.09
548 2400 0.86* 0.07 0.97 
0.96
 

856 0.88* 0.06 0.98
549 2099 1.01 0.09 0.97 
 652 0.98 0.08 0.97
550 2172 1.11 0.10 0.97 656 0.961.03 0.10
551 2142 1.06 0.07 
 0.98 685 
 1.03 0.04 
 0.99
104 2198 1.10 0.14 0.94 738 0.99 
 0.06 0.96
 

Grand 2154 727 
mean 
SEK± 220 
 88
LSD 430 
 172
 
(P=0. 05) 

* Significantly different from 1.0 at 0.05 probability level. 

On the basis of the extensive testing reported here, seriousconsiderations will be given to release the most adapted lines incollaboration with national programs. In future, emphasis willon be laidantinutritional factors such as BOAA in lathyrus spp., enhancement ofcold tolerance in ochrus chickling, increased leaf retention and high L/Sratio in common vetch and wooly-pod vetch, early winter growth, podshattering and disease resistance in all species. 
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Figure 4.1.2. Average performance of feed legume species at Tel Hadya and Breda over three years 1990/91, 
1991/92 and 1992/93.
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4.1.4. Nutritional Quality in Chicklings 

Chicklings (Lathyrus spp.) are a drought tolerant, protein rich food andfeed legume in areas with less than 350 n rainfall. Lathyrus sativusis particularly adapted to dry conditions. It was the major coponent
of human diets and animal feed in the times of drought induced faminesin Asia and Africa. One of the drawbacks of L. sativus, however, is that
its excessive consurption causes "Lathyrism", a nervous disorder
resulting in incurable paralysis of the lower limbs of human beino ordomestic animals, which is attributed to the presence of the free amino
acid B-N-Oxalylamino alanin (BOAA) in seed. One of our main objectives
in breeding chicklings is to develop lines nearly free from theneurotoxin (BOAA) and adapted to low rainfall areas and investigate thepossible association of neurotoxin with agronamical and morphological
characters of the genotypes and their reaction against insects anddiseases. The chemical estimation of BOAA is quite laborious andexpensive and this puts a limit on screening and further identification
of low BOAA lines. ICARDA, in collaboration with the Grain Research
Laboratory of Winnipeg, Manitoba, Canada, has developed a rapid method
using near infrared reflectance (NIR). 

4.1.4.1. Evaluation of BOAA content in new selections of Lathyrus spp. 
at Manitoba
 

One hundred and sixteen saples, representing 70 lines of Lathyrus
sativus, 24 cf L. cicera and 22 of L. ochlrus were assessed for their BOAA
content using i4TR. The results indicated that none of the Lathyrus spp.lines was BOAA-free, although several of them were quite low in BOAA.Samples of L. cicera showed a range from 0.01 to 0.22% with a mean of0.16%. L. the rangesativus, shcwed biggest from 0.16 to 0.74% with a mean of 0.48%, while L. ochrus lines were in BOAA,highest ranging from
0.46 to 0.67% with a mean of 0.57%. Presence of such a range in BOAAcontent in available lines suggests that there is a good potential forbreeding L. sativus and L. cicera lines with low BOAA content. Abcud El-Salih (Der El-Zour Faculty of Agriculture), Phillip Williams (GrainResearch Laboratory, Winnipeg, Manitoba, Canada) and A.A. El Moneim 

4.1.4.2. Evaluation of crude protein and BOAA content in AYT entries at 
ICARDA
 

The sixteen promising lines of L. sativus, L. cicera and L. ochrus, which were evaluated at Tel Hadya and Breda in 1992/93, were assessed forprotein and BOAA contents lising NIR (NE= Model 5000) at ICARDA. Everytenth sample was verified by Macro-Kjeldahl method for crude proteincontent, and by the conventional chemical method of Briggs et al (1983)
for BOAA content. Results are shown in Tables 4.1.20a, b, and c. 
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Table 4.1.23a. Crude protein (CP%) and BOAA content (%) in 16 lines of 
Lathyrus sativus at Tel Hadya and Breda, 1992/93. 

Line CP(%) BOAA(%) 
IFLLS TH Br TH Br 

587 26.2 27.4 0.465 0.413
 
504 25.2 27.3 0.347 0.363 
505 25.2 27.5 0.280 0.395
 
508 25.0 27.4 0.274 0.412 
510 25.0 27.5 0.345 0.415 
516 25.6 27.6 0.272 0.436
 
519 25.6 27.3 0.287 0.372
 
520 25.3 27.3 0.282 0.439
 
522 25.7 27.4 0.335 0.469 
527 26.1 27.5 0.310 0.391
 
528 26.3 26.0 0.260 0.393
 
529 24.4 27.2 0.369 0.397
 
530 24.7 25.7 0.263 0.380
 
531 24.2 27.5 0.294 0.468
 
533 24.7 27.1 0.349 0.436
 
535 24.1 26.5 0.401 0.403
 
Mean 25.2 27.1 0.320 0.410
 
SEM± 0.69 0.57 0.06 0.03 

In L. sativus, the protein content ranged from 24.1 to 26.2% at Tel 
Hadya and from 25.7 to 27.6% at Breda. BOAA content varied from 0.26 to 
0.47% at Tel Hadya and from 0.36 to 0.47% at Breda. Iathyrus cicera 
showed the lowest BOAA content which varied from 0.077 to 0.344% at Tel 
Hadya and from 0.135 to 0.40% at Breda. L. cchrus lines had the highest 
BOAA content which varied fran 0.456 to 0.716% at Tel Hadya and from 
0.587 to 0.775% at Breda. These results confi-rn the interspecific and 
intraspecific differences in BOAA content obtained from NIR analysis at 
Manitoba, Canada with other selections of the three species. 

our observations demonstrate that lines with early maturity, and 
smaller seeds of light cream colour contain low concentrations of BOAA. 
These characters can serve as markers for selecting low BOAA lines and 
would be of particular significance in our breeding program. These 
characters will be given high attention in selecting high potential lines 
with low BOAA content in F3 families in 1993/94. A.A. El Jozvim, M.C. 
Sax a and Hani Nakou. 
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Table 4.1.23b. Crude protein (CP%) and BOAA content 
(%) in 16 lines of

Lathyrus cicera at Tel Hadya and Breda, 1992/93.
 

Line CP) BOAA(%)IFLLC 
 T1 
 Br 
 Br
 

501 23.2 
 27.1 0.140 
 0.282
586 28.8 
 27.1 
 0.340 
 0.363
587 24.1 
 26.0 
 0.196 
 0.232
588 24.5 
 25.7 
 0.186 
 0.214
589 24.2 
 26.3 
 0.344 
 0.341
590 24.5 
 24.9 
 0.148 
 0.198
591 24.0 
 25.8 0.238 
 0.220
592 24.2 
 26.0 0.096 
 0.176
593 
 26.2 
 26.6 
 0.159 
 0.174
594 25.9 
 25.8 
 0.173 
 0.167
595 
 24.1 
 26.8 0.077 
 0.135
596 25.2 27.7 
 0.262 
 0.221
597 
 24.7 
 26.7 0.239 
 0.291
598 
 24.6 
 25.2 0.342 
 0.400
599 25.2 26.0 
 0.266 
 0.258
500 
 32.2 
 24.7 
 0.142 
 0.317
Mean 24.60 
 26.15 
 0.210 
 0.250
SE ±4 0.87 0.80 0.09 
 0.08
 

Table 4.1.23C. 
Crude protein (CP%) and BOAA content 
(%) in 16 lines of

Lathyrus ochrus at Tel Hadya and Breda, 1992/93.
 

Line 
 CP%) 
 BOAA(%)
IF'lO 
 Il-
 Br 
 'H 
 Br
 

185 26.5 
 27.7 
 0.535 
 0.611
537 25.4 
 27.7 
 0.652 
 0.756
538 25.6 
 25.9 
 0.572 
 0.658
539 26.0 
 27.2 
 0.716 
 0.741
540 25.9 
 26.9 
 0.600 
 0.742
541 26.4 
 27.2 
 0.598 
 0.661
542 
 24.4 
 25.6 0.589 
 0.587
543 
 24.9 
 26.8 0.651 
 0.775
545 25.0 27.3 
 0.456 
 0.608
546 26.0 
 28.5 
 0.556 
 0.695

547 26.0 
 27.9 
 0.545 
 0.704
548 25.9 
 27.7 
 0.549 
 0.639
549 
 27.8 
 27.6 
 0.558 
 0.612
 

26.4
550 27.9 0.534 0.578
551 26.7 
 27.2 0.490 
 0.587
104 26.8 
 27.9 
 0.599 
 0.702
Mean 25.98 
 27.31 
 0.580 
 0.670
SEM± 
 0.82 
 0.74 0.06 
 0.07
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4.1.5. Genetic Studies 

4.1.5.1. Seed retention in common vetch 

An essential characteristic of a grain legume crop, and a desirable one 
in a forage legume crop is the ability to retain its seeds long enough 
to allow mechanical harvesting at full maturity. Pod shattering in 
common vetch reduces its popularity as a forage legume crop for fallow 
replacements. The vetch seeds germinating during the cereal phase of the 
rotation represent a serious "weed" problem. 'Therefore, a breeding 
programe to develop non-shattering cultivars suitable for mechanical 
harvesting war initiated in 1985, using three natural wild non-shattering 
mutants, 	with undesirable agronomic traits.
 

The genetics of pod-shattering of coxxnon vetch was studied by using 
P1, P2, Fl, F2, BCl, BC2, BC3, BC4 and BC5 generations obtained from 
crosses between non-shattering wild types and promising breeding lines 
with hicgly desirable agronomic traits but with high proportion of pod 
shattering. The results revealed that nun-shattering trait is 
conditioned by a single recessive gene. Incorporation of this gene into 
agronomically promising lines was achieved by backcrossing and s .lection 
for non-shattering trait in erect, leafy and early types. Six superior 
families, IFLVS (NS) 2565, 2558, 2557, 2014, 1448 and 715, were selected 
having 95-97% non-shattering pods as opposed co 40-45% in the original 
breeding lines. 

Incorporation of non-shattering gene into our breeding lines of 
common vetch resulted in a range of non-shattering lines which are now 
grown in some countries. IFLVS 715 was released as a variety in Jordan. 
It is a variety of high L/S ratio, erect ard relatively drought tolerant. 
The reduction of pod-shattering was sufficient to allow normal header 
harvesting at maturity with minimal loss of seeds. Reduced pod
shatteri at maturity in common vetch is the major agronomic advance 
achieved 	in ccwmon vetch.
 

4.1.5.2. 	 Studies or.' the hybrids between V. sativa ssp. saLiva and V. 
sativa ss-. amphicarpa 

Tb increase the productivity of underground vetch (V. sativa ssp. 
ampiicarpa) and to improve drought and cold tolerance of comon vetch (V. 
sativa ssp. sativa) work was initiated in 1989/90 to hybridize the two 
subspecies, to transfer and combine the desirable traits and to increase 
variations for selection. In 1992, F,families descending from F2 single 
plant selections of four crosses were selected. The selected plants had 
4-9 undergroind pods, cold and drought tolerance like V. sativa ssp. 
amphicarpa, and more vigorous above ground growth than the original 
amphicarpous types. Selection for F4 families was obtained by bulking an 
equal number of seeds of 20 F,plants from the selected F families. 
Because yield always gives low heritability values, we uses recurrent
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restricted phenotypic selection (RRPS), was effective inwhich more

increasing above gruund biomass yield and maintain reasonable 
numbers of 
underground pods. 

4. 1.5.3. Inroviw nutritional quality of Lathyrus sativus by breeding 

One of our main objectives of L. sativus breeding is developing promising
lines with low BOAA content and high yield. So far, little work has been
done to determine the genetic basis of variation in the neurotoxin 
content. Having identified low BOAA content (18  316 gg/g seeds) lines,
a program was started to study the genetic control of this neurotoxin. 

In !990/91 four low neurotoxin lines (testers) were crossed with 21lines, making 84 crosses. Gene markers such as seed, flower and stemcolours were used to eliminate pods which might have developed from
self ing and to identify F, hybrids. F, plants were obtained in 1991/92.
In 1992, 192 families descending fron F, single-plant selecticns of the
84 crosses were selected for early maturity, small seed size and lightcream seed colour. These characters are considered major selection
criteria for breeding low neurotoxin (BOAA) Lathyrus sativus. The
material generated will be further analysed to study the inheritance of 
low BOAA content. 

4.1.5.4. Genetic studies of cyst t,,matode (etarodera cicari) resistance 
in oemon vetch 

Seven lines of conmn vetch (Vicia sativa L.), namely IFLVS 713, 1429,
2003, 2025, 2023, 2040 and 2052, were diallel mated to produce both
direct and reciprocal crosses. IFLVS 713 and 1429 were found to be
resistant, TFLVS 2003 was susceptible, whereas IFLVS 1429, 2052 and 2040 were found to be highly susceptible. The 42 F, seeds were obtained in1992/93. In 1993/94, Fthe 42 1

1'swith the seven parents will be tested
for their resistance under artificial conditions in the plastic house. 

4.2. Crop Physiology
 

4.2.1. Relationship of Cold Toleranoo with Sane Physiological and 
Biochemical Traits
 

In this study, the objective was to identify a screening technique for

cold tolerance that is quantitative, rapid, reproducible, sensitive, costeffective, environmentally independent mostand importantly non
destructive.
 

biochemical characters such as content of various sugars in roots
have been found by several workers to be implicated in cold tolerance.

Also proportion of dry matter distribution to roots, which could
indirectly reveal the amount of sugars in the roots, was suggested as a
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a cold. 
recently, chlorophyll fluorescence kinetics has been used to quantify the 
reaction of genotypes to cold stress. 

'xrait to determine the ability of plant to o4thstad More 

Preliminary studies conducted during 1991/92 indicated that 
chlorophyll fluorescence kinetics measured on leaflets of stressed plants 
belonging to Lahyrus ochrus, Vicia sativa and V. ervilia could be a 
useful technique to measure the degree of cold tolerance/susceptibility 
on a species basis. However, this technique i.' coparatively new and 
doubt has been raised as to its reliability inspite of its ability to 
satisfy the requirements mentioned above, and the advantage of being 
highly computerized. This study therefore tested additional techniques 
such as field scoring, sugar content in roots and proportion of dry 
matter distributed to roots to evaluate the validity of chlorophyll 
fluorescence technique. As the ultimate objective in this study was to 
identify cold tolerant genotypes specially in L. ochrus, which has been 
normally classified as a cold susceptible species. This technique was 
mainly used to screen cold tolerant genotypes in L. ochrus during 
1992/93. In 1992/93, we had two accessions (numbers 82 and 109) of L. 
ochrus, which were found to be tolerant to cold during the 1991/92 
winter, to be used as controls. 

The results indicated that there was a close relationship (Y=-
8.607X +64.82; r=-0.841**) between the chlorophyll fluorescence kinetics 
(Y) measured as the rate of rise in induced chlorophyll fluorescence (Fr) 
and cold damage rating (X) (Figure 4.1.3). The total sugar content in 
roots, measured on contrasting genotypes showing various degrees of 
damage due to cold, indicated that this technique could be useful in 
screening plants on a species basis (Y=-6.541X + 59.74; r--0.66*) but its 
expression is dependent on the growth environment, involves a destructive 
method, and it has failed to detect the difference in cold damage on a 
genotype level within a species such as L. ochrus. The proportion of dry 
matter distribution to roots, however, not only quantified the reaction
 
at species level but also at genotyl,- level within a species, such as L. 
ochrus. It was independent of growth environment, measurements obtained 
under plastic house condition could be related to cold effect under field 
condition; the disadvantage being that it too is a destructive method and 
can only be used to screen on a pure line basis where individual plants 
can be sampled and analyzed. M. Ratinam, A.A. El Moneim and M.C. Saxe=. 
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Figure 4.1.3. Relationship between cold damage score and the rate of
rise in induced chlorophyll fluorescence in stressed
plants established under ontrolled condition. 

4.2.2. Preliminary Study on the Effect of Boron an Beed Setting in 
Wooly-pod Vitch 

Several soils in WAM\ normally show deficiency of boron. Field
experiments conducted in various parts of the world on different cropsindicated that boron application appreciably increased the seed yieldalthough no visible boron deficiency symptom was observed on any of them.At the biochemical level, a direct relation between boron concentration
and enhancement of pollen tube length was noticed. 
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The seed yield in wooly-pod vetch (Vicia villosa ssp. dasycarpa) is 
generally low. The variability for this character amongst the accessions 
evaluated so far at ICARDA was found to be very narrow. Various reasons 
have been postulated for the low yielding ability of this species inspite 
of the fact that it. produces large number of flowers. This species 
flowers very late (128-151 days) in comparison with other forage legume 
species (93-120 days). Consequently, the flowering, fertilization and 
seed formation coincides with unfavourable conditions such as drought and 
hot weather which in turn may lead to reduced grain yield. In the 
present study, a preliminary investigation was carried out to find out 
whether application of lx'ron on to the flower had any influence on seed 
setting and hence the seed yield. 

A split-plot design with time of spraying as the main plot and 
concentration of boron as the sub-plots was used. The treatments were 
replicated three times. Borax (NaB 7.10FLO, l1%boron) was used as the 
source of boron. Four concetrations of boron (0.0, 0.3, 0.6, arxd 0.9% 
by weight) ,.cre sprayed at 100% flowering at two different times (morning 
aind evening). 'Merewas a gradual increase in seed yield with increase 
in boron concentration and spraying in the morning gave better results 
(seed yield 1131 kg/ha) than spraying in the evening (seed yield 1033 
kg/ha) and 0.9% concentration of boron gave higher grain yield (1145 
kg/ha) as against no boron control (105! Ig1/ha) (Figure 4.1.4). M. 
Ratinam and A.A. El Moneim. 

' t'
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Figure 4.1.4. 	 Effect of Boron on seed setting in Vicia villosa ssp. 
dasycarpa. 
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4.2.3. Response of and Genotypic Differences in Food and Feed Legumes 

to Drought 

Experiments on response of food and feed legume crops to drought andgenotypic differences in drought tolerance were repeated for validationof results of 1992 season at the three sites in Syria - Tel Hadya, Breda
and Jinderess. The objectives were: 

1. to quantify yield losses due to drought,2. evaluate relative differences in drought resistance and water-use 
efficiency (WUE), and
3. test a simple method of field screening for evaluatifg response of a
large number of genotypes. 

Site characteristics 
Soils at Breda are high in silt and CacoD, low in native fertility andnutrient holding capacity (low CEC), compared to soils of Tel Hadya orJinderess (Table 4.2.1). Effects of low rainfall on crop growth wereaccentuated at Breda because of the low available water in these soils. 

Climatic conditions during the 1993 (1992/93 crop season) at thethree sites are shown in Figure 4.2. 1. For the third consecutive yearrainfall at Tel Hadya was low (277 mm) compared to the long term average(352 mm) (Table 4.2.1). In 1993 rainfall at Tel Hadya was even lowerthan thle rainfall at Breda (285 mm), dry site.the Thermal regimes(occurrence of frost and absolute minimum temperatures), in general, weresimilar to 1992 season at Tel Hadya and Jinderess but at Breda frostevents were few (73 in 1992 compared to 38 in 1993) and the absolute
miniirm higher (-6.50C) than in 1992 (-8.2oC). 

Otperimental details
Varying drought intensity treatments were created by partial alleviationof drought of the rainfed conditions. Responses to two kinds of droughtpatterns were studied. One was a drought continuum created by applyinga gradient of irrigation using a line-source sprinkler irrigation methodboth at Breda and Tel Hadya. The quantity of water (irrigationrainfall) received at the most wet 

+ 
end of the line-source was 453 mm at
Breda and 439 nmi at Tel Hadya.
 

In an another experiment at Tel Hadya three discrete droughtintensities, rainfed, least drought treatment (with irrigation appliedat frequent intervals), and moderatea drought (staggered irrigationfrequencry of the least drought treatment) were created by an overheadboom of sprinklers suspended over the crop and drawn by a mobile hosedrawn irrigation machine (M3000/125-410, 56766 Ulmen, Germany). Quantityof water (irrigation + rainfall) was 448 mm and 364 mm in the leastdrought and moderate drought intensity treatments. At Jinderess, whereirrigation facilities are not available at the experimental site, westudied genotypic differences in rainfed crops.
 



173 

70 500 
Breda I - Brede 6 Tl Hodve!y0 Jinderis 

0 , 0 Cumulative rinffll
 
400
 

0 
300

40 

50 20 

22

70 mandonay 30 -MaX.temp. 

_0 t
10
 

10 

400 2 

00
 
20

3"0°- 20 

; I
 
Oat Na. D. Jan Feb Mar Apr Mey Jtu. 0O Nov Oea Jan Feb Ma, Apr May Jan 

4..1.Climatic at Breia,Figue condiltions Tel Hadya, and] Jind~eress,
Syira, 1992/93. 



174 
Table 4.2.1. Some selected weather parameters at the three experimental 

sites.
 

Caracteristics 
 Breda Tel Hadya Jinderess
 

Location
 
Latitude (N) 
 350 551 350 551 360 22'Longitude (E) 370 10' 360 551 360 41'Altitude 
 350 
 362 
 231
 

soil
Soil type* Typic dhramoxerertic Palexerollic 

calciorthid calcic chromoxererticrhodoxeralf 

clay

Silt (%) 40-44 60-63 60-6141-45 31-33 33-34Sand (%) 4-815-25 
 4 

CEC (meq/l00 g) 28.0 
 51.4 
 64.8
pH 
 8.3-8.5 
 8.1 
 7.8-7.9
E)C (1:1) ds M' 0.3-5.0 0.2-0.3 0.1-0.2 

Kjeldahl N (ppm) 
 100-650 
 210-460 
 280-670
Organic matter (%) 0.3-1.2 0.5-1.1 0.5-0.8CaC (%) 30-50 
 28-29 
 20-24
Active lime (%) 9-22 9-11 11-12
 

Available water 12.3 
 14.6 14.7Field capacity 31.9 39.3 45.3Permanent wilting 
 19.6 
 24.7 
 30.6
 

Weather 

Rainfall (mnn) 
 285 
 277

Long term (1979-1992) 264 

417 
441
Number of frost days 

328 
38 50

Temperature (abs. min.) -6.5 
53 

-8.7 -8.0 

Nutrients applied 

P (kg/ha) as triple super
phosphate 23 23 23 

* Based on USDA soil taxonomy, 1975.
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Four genotypes in each of the four food (lentil, chickpea, faba bean 
and peas) and feed iegumes (Vicia sativa, Lathyrus sativus, Vicia 
narbonensis, and Vicia villosa ssp. dasycarpa) were studied. Only one 
genotype (Acc. # 2650/2571) of Vicia sativa ssp. amphicarpa, a crop which 
bears both aerial and subterranean pods characteristic of the subspecies, 
was included in the line-source study at Breda and Tel Hadya. 

Plantings were done on 5 Dec at Breda, on 10 Dec in the line-source 
trial at Tel Hadya (Tel Hadya-l) and on 28 Dec 1992 in the irrigation 
trial with three discrete irrigation treatments at Tel Hadya (Tel Hadya
2), and on 21 Dec 1992 at Jinderess. 

soil moisture: 
Total (averaged over all crops) soil moisture in the top 120 cm soil 
profile during the crop season (Figure 4.2.2) showed that the soil 
moisture recharge continued for a longer period of time at Jinderess (a 
wet site), followed by Tel Hadya and Breda. At Tel Hadya there was a 
greater build up of soil moisture in trial 'Tel Hadya-l' which was 
planted 18 days earlier. Soil moisture discharge proceeded in the 
reverse order, with earliest being at Breda (Figure 4.2.2a). 
Supplemental irrigation enhanced the soil moisture status and delayed 
commencement of discharge (Figure 4.2.2b and 4.2.2c). 

Soil moisture extraction patterns (averaged over the food and feed 
legum2 crops) in the 120 cm soil depth for the rainfed (Figure 4.2.3), 
moderate drought (Figure 4.2.4) and least drought (Figure 4.2.5) 
treatments are shown for Tel Hadya, Breda and Jinderess. Crops extracted 
moisture from the top 75 cm at Breda, around 90 cn at Tel Hadya and 105 
cm at Jinderess, irrespective of the irrigation treatments. However, 
bulk of the soil moisture was extracted from the top 60-75 am at Breda 
and Tel Hadya and around 90 c at Jinderess. 

The zone from where intense soil moisture extraction (depletion 
below the initial soil moisture status at planting) occurred was the top 
30-45 c at Breda and Tel Hadya and top 70 am at Jinderess. Difference-s 
in soil depth from where intense soil moisture extraction took place 
perhaps reflects the zones of extensive root proliferaticn. Soil 
moisture recharge occurred below these depths as indicated by the build 
up of soil moisture above the initial status at the time of plantings 
(Figure 4.2.6 and Figure 4.2.7). This recharge at Breda and Tel Hadya 
was in the top 90 c but occurred up to 120 cm at Jinderess. In the 
trial Tel Hadya-], the zone of intense soil moisture extraction was 
restricted to top 30 an only. Crop differences in soil moisture 
extraction wete narrow at Tel Hadya, both for food and feed legumes. 
Lentil and faba bean were more effective in extracting greater amounts 
of soil moisture at Breda and chickpea closely followed by lentil at 
Jinderess (Figure 4.2.6). Among the feed legumes, Vicia villosa ssp 
dasycarpa and Lathyrus sativus (Figure 4.2.7) were effective exploiters 
of soil moisture.
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Figure 4.2.2. changes in total soil moisture (mi water in the top 120 an
soil depth) averaged over food ard feed legumes with time
in (a) drought (rainfed), (b) moderate drought (partially
irrigated), and (c) least drought treatments at Breda, Tel 
Hadya-l, Tel Hadya-2, and Jirderess, Syria, 1992/93. 
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Figure 4.2.4. Average (over four food and four feed legumes) soil
moisture profiles in the moderate drought (partially
irrigated) treatments at Breda, Tel Hadya-i and Tel Hadya
2, Syria, 1992/93.
 



179 

Least drought 
Waier nim In It cmi depth) Wat. (m I 15 cm dapth) 

10 20 30 40 so so 0 20 30 40 so so 

. Wate In 	 15 •epth 

. .erM • 

.. .. . .. p . - .. _ _ 

I 
moiter profiles in 5 dhelht 

'5 	 .7 

0* 	 /% 

6 	 / 

/ 

BrdTl Htalya- n e ay 2 yi,19/3
 

I;I
 

... Sowing ... . Flowering - Maturlly 

Figure 4.*2.*5. 	 Average (over four food and four feed leumes) soil 
moisture profiles in the least drought treatments at 
Breda, Tel Hadya-i and Tel H-adya 2. Syria, 1992/93. 
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The differences in soil moisture depletion patterns prumarily
reflect water extraction by the crop roots and this process seeims to bestrongly influenced by environmental factors, primarily soil physical
properties which are not easily amenable to modilication. Studies onroots in tiled grown plants will be useful in improvinrg understirnirxg of
the dynamics of water use by these rood aid feed lequm? -r)p;. 

Phenolcgy and yield
Faba bean was the first and chickpea the last to flower, the di!lerence
being more than 20 days (Table 4.2.2). Crop differences in n iturity,
however, were narrow. Mean rainfed seed yield was lower at Hreia thanTel Hadya, but irrigated yields were similar (Table 4.2. 3). Response to
irrigation in shoot mass was larger than in seed yield and, therefore,
the harvest indices in the irrigated treatments were lower (Table 4.2.3). 

Table 4.2.2. Crop and cultivaral differences in days from sowing to 
flowering and flowering to maturity in food and feed 
legumes at Breda, Tel Hadya and Jinderess. 

Days to flower Days to maturity_ 

crop* Br 
Tel Had _a_ 
1 2 Jill Br 

Tel iayv
1 2 Jin 

CiP 130 112 125 117 166 151 166 157 

Lens 122 104 117 109 150 139 151 145 

FB 109 94 104 92 155 143 158 164 

Peas 126 105 119 109 156 136 152 145 

VS 123 109 119 112 152 141 155 153 

LS 127 108 121 109 161 147 161 161 

VN 120 103 117 107 150 138 153 148 

VVD 123 109 121 112 157 142 156 157 

SEm 0.1 0.4 0.5 0.2 0.9 1.3 

LJSD(O.05) 0.4 1.1 1.6 0.5 2.5 3.8 

CP = Chickpea, Lens = Lentil, FB = Faba bean, VS = Vicia setiva, IS = 
Lathyrus sativus, VN = Vicia narbonensis, VVD = Vicia villosa ssp.
dasycarpa. 
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Table 4.2.3. Effects of irrigation on seed yield (t/ha). 

Location Rainfed irrigated SE LSD CV% 

Seed yield (t/ha) 
Bredd 0.8 2.4 0.03 0.09 22 

Tel Hadya 1 1.2 2.1 0.09 0.36 52 

2 1.4 2.5 0.04 0.10 20 
J inderess 
Tel Hadya 

1.8 -

Shoot mass (t/ha)
 
6.7 0.20
Breda 2.4 0.07 20 

Tel Hadya 1 2.7 5.5 0.28 1.1 66 

Tel Hadya 2 3.1 6.8 0.07 0.21 17 
Jinderess 3.7 -

Harvest index (%) 
Breda 36 36 0.5 1.3 14 

Tel Hadya 1 47 39 1.3 5.1 29 

Tel Hadya 2 46 40 0.4 1.0 9 
Jinderess 46 -

Crop differences in rainfed yield were small, both at Breda and Tel
 

Hadya and response to irrigation was large in Vicia narbonensis (Table 
4.2.4). 

Non-irrigated seed yield was positively correlated with days to 

flowerir across crops, genotypes, and locations (Table 4.2.5) which 
showed that the time when dry matter partitioning coaienced into the 
seeds (escape from drought), -i the narrow range of flowering duration 
of various crops and their genotypes studied, may not be an important 
constraini of seed yield in winter planted legume crops in mediterranean 
environments if selectio)n for adapted phenelogy is practiced. Negative 
relationships between time of flowering and seed yield are observed 
commonly in crops grown in severe terminal drought enviremnts, such as 
spring-planted chickpea in WANA or the poctrainy season crops in the warm 
winter environments of semi-arid tropics (SAT), particularly when 
genotypes very diverse in time of flowering outside the range of adapted 
gr up are included in a study. 

A closer relation between shoot mss and flowering tire (higher 'r' 
values, Table 4.2.5) showed that late flowering favors higher shoot mass 
production and may be an important cons'deration if feed (shoot mass) 
production is the primary objective. 
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Table 4.2.4. Crop differences in rainfed and irrigated seed yield, shoot mass and harvest index at Breda, Tel Hadya, and Jinderess
(each values is a mean of four genotypes). 

Rainfj Irigated
Tel Hadva Tel HadvaCrop* Br ? 2 Jin Br 1 2 

Seed yield (t/a)
1.0 1.4 1.5 1.4 
 1.9 2.0 
 2.2
Lens 1.1 1.4 1.5 2.0 2.8 3.1 
 3.3
FB 0.6 1.1 1.2 1.7 3.0 2.8 
 2.7
Peas 0.9 1.0 
 1.2 0.9 2.8 2.2 
 2.3
VS 0.9 1.2 
 1.2 2.2 2.7 2.2
LS 0.8 1.2 1.6 1.7 

2.5 
1.1 1.0 2.1
VN 1.0 1.4 1.7 1.8 3.8 2.6 3.4
VVD 0.6 
 1.0 1.2 
 1.4 
 1.4 1.0
SEn 0.12 0.15 0.16 0.12 

1.8 
0.12 0.15LSD(0.0.5) 0.34 0.41 0.35 

0.16 
0.45 0.34 0.41 0.45 

Shoot mass (t/ha)CP 2.4 2.9 3.2 3.5 4.8 4.6Lens 2.9 3.4 3.6 4.5 
5.9 

8.7 8.1 
 7.8
FB 1.8 2.0 2.1 2.8 6.0 5.0 
 4.9
Peas 2.2 
 1.9 2.4 2.0 
 5.7 4.0 
 4.3
VS 2.5 2.6 2.6 4.5 
 7.3 5.9 
 6.3
LS 2.3 3.0 3.9 4.4 5.4 4.8 
 9.1
VN 2.4 2.9 3.5 3.7 8.4 5.9 8.0
VVD 2.4 
 2.7 3.6 3.7 
 7.4 5.7 
 8.2
SE n 0.30 0.28 0.32 0.24 0.30 0.28 0.32LSD(0.05) 0.87 0.81 0.92 0.67 0.87 0.81 0.92 

Harvest index (%)
CP 42 47 48 41 39 46 
 38
Lens 36 42 40 45 
 32 38 43
FB 33 58 58 60 49 55 55
Peas 44 51 54 47 49 51 57
VS 36 48 45 48 
 38 39 40
LS 34 40 42 38 
 23 21 22
VN 40 49 49 48 
 46 45 41
VVD 23 37 35 38 
 19 20 22
 
1.5 2.2 
 1.6
 

SD 1.5 2.2 1.6 1.5

LSD(0.05) 4.3 3.0 
 4.5 4.2 
 4.3 3.0 
 4.5
 

= uickpea, Lens = Lentil, FB = Faba bean, VS = Vicia sativa, SLathyrus sativus, VN = Vicia nartonensis, VVD = Vicia villsa ssp.
dasycarpa. 

http:LSD(0.05
http:LSD(0.05
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Table 4.2.5. Simple correlation coefficients (r) of nonirrigated seed 
yield and shoot mass with other characters. 

yield Shoot mass 
Tel Hadya Tel Hadva 

Character Breda 1 2 Breda 1 2 

-_Seed 

Days to fiowering 0.33 0.30 0.18 0.44 0.53 0.43 
Days to maturity -0.20 0.18 0.19 -0.18 0.12 0.29 

---Irrigated seed yield 0.33 0.46 0.54 
-0.53 0.76 0.78 - -

Irrigated shoot mass - - - 0.48 0.86 0.71 
Rainfed shoot mass 


At Breda, only a small proportion of total variation (45 to 50 %) in 
nonirrigated seed yield was accounted by phenology, shoot mass 
production, and potential seed yield (Table 4.2.6). Among various 
parameters, negative effects of crop duration (days to maturity) werc 
larger at Bretd, a dr' site, which explained 20-25% vari3tio.n in sc. 
yield (Table 4.2.6). Selection for optimun crop duration tor 1:Aimum 
prrcuctivity .- )uld be important at Breda. On the other hand, potentida 
productiv'.t.y was nre important than the phenological traits at Tel 
Hadya. Studies on the mechanism of yield formation are likely to be more 
rewarding in identifying crop traits useful in genetic and agronomic 
management options for enhancing yield. 

Table 4.2.6. Percent variation acco.ited by each trait. 

Seed yield Shoot mass 
Tel Hadya Tel Hadva 

Character Breda 1 2 Breda 1 2 

Variation accounted by 
Days to flowering 
Days to nrturity 
Irrigated 'ield 
Nonirrqated shoot mass 

11.2 
20.6 
11.7 
8.3 

9 
0.7 

36.6 
27.1 

3.1 
1.7 
? 

56.8 

9.0 
24.5 

-
-

28.1 
0.4 
-
-

18.1 
1.3 
-
-

Irrigated shoot mass - - - 10.3 54.4 59.9 

Total 45 69.5 79.9 49.0 81.1 77.1 

Mean yield (g/ha) 
Nonirrigated 1193 1918 1557 3257 4112 3-35
 
Irrigated 4832 4302 3380 9802 9985 8249
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Yield losses
Yield loss (%) was caTputed as (Nonstress yield - stress yield) 

X 100 
(Nonstress yield) 

Effects of drought seedin 
mass 

yield loss were smaller than in shoot(Table 4.2.7), perhaps because seed yield is a fraction of totalbiomass. As expected, drought at Breda causedseed 20% greater reduction inyield than Telat Hadya in crops planted around the recomendeddates of planting and in spite of the fact that the total and cumulativehuild up of the rainfall over the crop season was similar. This seemsto be because of differences in rainfall distribution (Figure 4.2.1)the soil physical properties which andrender less water available for cropgrowth at Breda (Figure 4.2.2). Effects of low soil fertilitare unlikely to be large because at Breda 
most of the legumes meet their N demandthrough symbiosis, and nodulation is generally adequate. A uniform basalapplication of 23 kg P205/ha was applied to meet the P demand. 

Table 4.2.7. Average seed yield and shoot mass yield loss at Breda and 
Tel Hadya. 

Experiment Seed yield Shoot mass 
loss (%) loss (%) 

Breda 

Tel Hadya 1 

56 61
36 50Tel Hadya 2 46* 48
 

Excludes Lathyrus sativus 
and Vicia villosa ssp. dasycarpa which
showed negative response to irrigation. 

Crop (Table 4.2.8) and genotypic differences (Table 4.2.9) in theloss of seed yield and shoot mass were large, ranging from 10-80%.the food legumes, chickpea was the Among
least sensitive to drought followedby peas, lentil, and faba bean on the criteria of seed loss. A negativeseed yield response to irrigation in Lathyrus and VVD observedHadya at Tel(Table 4.2.8 and 4.2.9) is confounded with the effects of lodgingin the irrigated treatments. 
 Less loss in seed yield in chickpea at Breda
showed that it was best adapted to dry conditionsgenotypes, and among the chickpeaICC 4958 showed minimum seed yield loss. Yi:21d losses, acrossgenotypes of different crops, were correlated

and Tel Hadya-i and Tel Hadya-2 
positively between Breda

(Table 4.2.10) and this correlationmore close wasfor seed than in shoot mass explaining nearly 50% variationin seed yield, the rest being due to genotype x environment interaction. 
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Table 4.2.8. Percent losses in crop seed yield and total 
yield due to drought in feed and food legumes, 

biological 
Tel Hadya. 

crop Br 

Seed yield 
Tel Hauva 
1 2 

Total bioloqical yield 
Tel Hadva 

Br 1 2 

Chickpea 43.6 28.7 30.4 47.9 43.0 32.6 
Lentil 60.2 54.6 52.2 65.0 51.6 56.8 
Faba bean 79.7 52.5 57.8 69.8 54.9 59.0 
Peas 59.3 35.5 49.6 59.3 31.2 50.5 

Vicia sativa 65.3 49.6 42.7 63.7 55.6 54.1 
Lathyrus sativus 21.5 9.5 156.8* 53.8 56.6 33.8 
Vicia narobonensis 73.0 43.4 44.5 69.6 53.5 50.0 
Vicia viilosa 48.5 14.4 105.3* 63.9 54.8 49.1 
dasycarpa 

LSD (P<.05) 21.02 21.06 24.59 12.73 15.74 17.60 

significance *** *** *** * NS * 

Indicates that the nonirrigated seed yield was righer than the 
irrigated seed yield. 

Thus both genotypi-. and environmental factors are equally important in 
yield expression. On the other hand the low correlation between 
genotypic performance in shoot mass betweer the locations showed that the 
environmental factors are more dominant in its expression. These finding 
are useful in the ojerall management of food and feed legumes, depending 
upon whether the objective is seed yield or feed yield. 

Seasonal Et and WU 
Seasonal Et at Breda was smaller than at Tel Hadya or Jinderess (Figure 
4.2.8 and Table 4.2.11a and 4.2.11b). Differences in seasonal Et between 
Tel Hadya and Breda persisted in the moderate and least drought 
treatments because of the charactexistic soil physical properties at 
Breda reducing total profile available water and also perhaps crop 
interactions with frost. 
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Figure 4.2.8. Effect of Irrigation on seasonal evapotranspiration (Et,Mm) and water-use efficiency (kg/ha/m) in seed yield (SY)and shoot mass at Breda, Tel Hadya (l=line-.'souce and 2=discrete irrigation treatments), and Jinderess. Syria,
1992/93.
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Table 4.2.9. 	 Genotypic differences in percent losses in seed yield and 
total biolcgical yield due to drought in feed and food 
legumes, Tel Hadye. 

Seed yield Shoot mass
 
Tel Hadva Tel Hadva
 

Crop Br 1 2 Br 1 2
 

Chickpea 	 ILC 482 50.8 26.6 20.8 55.7 41.2 39.7 
ILC 3279 49.7 34.9 28.7 44.7 47.6 30.3 
ICC 4958 25.9 24.2 39.4 43.7 45.9 20.5 
F83-47C 48.0 28.9 32.7 47.3 37.3 39.9 

Lentil 	 ILL 4400 70.1 52.6 57.8 71.7 50.5 56.9 
ILL 4401 52.0 57.3 50.2 62.0 55.4 57.8 
ILL 2069 63.3 50.2 49.2 65.8 48.5 54.3 
ILL 5604 55.5 58.3 51.7 60.7 52.1 58.2 

Faba bean 	 LID 1814 80.5 45.7 56.6 66.8 48.3 56.6
 
IB 1811 72.4 50.5 6?..0 67.5 54.0 6.7
 
ILB 1270 80.9 54.7 54.8 72.5 55.9 55.7
 
IB 1266 85.0 59.3 55.6 72.3 61.2 60.9 

Peas 	 Acc#21 67.9 57.1 40.5 67.9 55.9 42.4 
AcC#30 62.5 37.9 43.2 62.5 36.1 49.0 
Acc#3 60.9 35.3 57.9 60.9 29.9 55.6 
Aoc#11 46.0 11.9 57.0 46.0 2.8 55.0 

Vicia sativa 	 Aoc#2541 64.3 51.1 47.7 59.4 57.4 57.7 
Acc#715 57.0 42.7 37.5 55.0 49,8 56.9 
Acc#1403 63.7 53.2 50.2 69.3 55.5 52.0 
Acc#709 71.2 51.3 35.6 70.9 59.5 49.8 

Lathyrus sativus 	 Acc#347 45.5 47.4 32.2 51.3 63.3 45.5 
Acc#205 6.2 1.3 -133.8 59.2 55.4 31.2 
Acc#208 22.3 -9.3 -14.8 55.4 56.3 30.5 
Acc#206 12.1 -1.5-110.7 49.2 51.5 28.1 

Vicia narbonensis 	 Acc#67 68.9 51.7 47.8 67.3 57.1 55.8 
Aoc#586 71.9 47.9 44.7 67.4 60.5 49.2 
Acc#588 69.5 49.2 43.1 66.1 52.6 47.2 
Acc#121 81.6 24.6 42.3 77.5 44.0 47.8 

Vica villosa Acc#683 60.4 24.6 4.0 66.4 47.5 54.6 
dasycarpa Acc#535 53.3 1.8 7.1 67.9 53.5 53.7 

Acc#1088 33.0 52.0 -7.0 54.5 54.9 54.7 
Acc#596 47.1 28.2 -25.1 66.9 63.5 33.5 

LSD (P<.05) 	 22.71 32.07 40.45 15.47 20.97 20.07 

Significance 	 NS ** *** NS * NS 
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Table 4.2.10. Correlation of seed yield and shoot mass yield losses at
Breda with losses in trials 'Tel Hadya-l' and 'Tel 
Hadya-2'. 

Seed 
 Shoot
 
yield 
 mass
 

Tel Hadya-l 0.691 0.398
Tel Hadya-2 0.784 0.535 

Effects of sowing date on seasonal Et were large (Table 4.2. 1a) and a delay of 18 days in planting in the trial Tel Hadya-2, resulted in 19 mm and 37 mm decrease in Et in the rainfed and moderate droughttreatments. Crop differences in seasonal Et were narrow but significantat Breda ari Tel Hadya-2 (Table 4.2. lla). Within a crop, seed yield waspositively correlated with seasonal Et and shoot mass, 'he correlationbeing closer in feed than in food legumes (Table 4.2.12). Relationship
of Et with shoot mass (Figure 4.2.10) was similar to seed yield (Figure4.2.9). Seasonal Et was linearly correlated both with seed yield (Figure4.2.9) and shoot mass (Figure 4.2.10) in all the crops, except chickpea
which showed a curvilinear response. 

WEIE
 
WUF in seed yield and shoot mass, in general, were higher 
 in theirrigated than in the rainfed treatments (Figure 4.2.8, Table 4.2.11a and4.2.11b). This is contrary to the known responses observed in warmwinter environments in the SAT, %Aere WUE is always higher in the rainfed or drought treatments. Coefficients of determination of seed yield andshoot mass with Et and WUE (Table 4.2.12) were of similar magnitude. 

Drought resistance 
Two criteria were used for comparison of genotypic difference in droughtresistance. Criteria (DTI) theone was estimates of slopes andintercepts predicted as rainfed seed or shoot mass yield from the linear
regression of yield on mm water 
 (irrigation + rainfall) in the linesource irrigation trials conducted at Breda and Tel Hadya (Tel Hadya-l),
where a drought continuum was used. Genotypes with high intercepts and 
low slopes were considered drought resistant. 

Criteria two (DT2) was the standardized residuals calculated from amultiple regression of rainfed yield on days to flowering and nearpotential yield (least drought, frequently irrigated treatment) in thetrial Tel Hadya-2. Genotypes with standardized residuals exceeding thevalue of 1.3 were recognized as significant since these would representthe top or bottom 10% of the standardized residuals in the normaldistribution curve of these residuals; those with the negative value wereconsidered susceptible and those with a positive value as resistant. 
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Figure 4.2.9. 	 Relationship between seasonal evapotranspiration (Et am) 
and seed yield t/ha) of sane cool season food and feed 
legumes. Syria, 1992/93.
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Figure 4.2.10. Relationship between seasonal evapotranspirat on (Et uwm)
and shoot mass (t/ha) of sane cool season food ami feed 
legumes. Syria, 1992/93.
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Table 4.2.11a. Cumulative evapotranspiration (mr, rater), (ET) and WrJE 

(kg/mm water/ha) for SY and TMY in four feed and feed 
legume crops at Breda and Tel Hadya. 

ET WUE seed yield WUE shoot mass 
Crop Irr MI NI Mean Irr MI NI Mean Irr MI NI MIsn 

Breda
 

CP 347 26 169 261 5.3 3.1 4.5 4.3 12.8 14.2 13.1 134 

FB 347 28 174 268 5.3 5.8 5.6 5.6 12.5 11.8 12.1 12.1 

Lens 347 277 189 271 5.3 2.3 2.3 3.3 21.6 13.5 12.4 159 

Peas 347 287 184 273 8.5 5.4 5.2 6.4 19.2 13.7 13.7 155 

VS 332 277 194 268 7.6 5.4 4.0 5.6 30.1 16.6 12.6 198 

iS 357 272 174 268 6.9 5.1 2.9 5.0 15.5 13.1 12.5 13. 

VN 367 267 184 273 7.9 4.8 5.5 6.1 18.2 15.0 15.3 162 

VVD 362 287 189 279 9.8 5.4 5.5 6.9 24.7 14.2 14.5 178 

SE - 4.3*** --- 2.5*** -- 0.98 - 0.56*** --  2.83 --- 1.65 

Mean 350 277 182 7.1 4.7 4.4 3.9.3 14.0 13.3 

SE 5.1*** 0.43 0.83 

Tel Hadva-1 

381 320 221 307 8.9 7.5 6.6 7.7 22.5 18.1 15.3 186 

384 321 223 309 5.4 5.8 6.8 6.0 11.9 12.4 12.7 123 

383 319 222 308 5.2 5.8 5.4 5.5 21.5 16.3 15.5 178 

382 319 222 307 7.2 9.2 7.6 8.0 15.3 19.0 16.1 168 

386 321 222 310 8.4 7.1 6.1 7.2 19.3 15.6 15.9 170 

383 320 222 308 6.5 6.2 5.9 6.2 11.6 11.6 10.6 113 

384 320 222 309 9.0 7.5 5.9 7.4 17.9 15.0 12.8 152 

381 320 223 308 6.0 8.5 7.6 7.4 17.3 20.5 17.2 183 

SE --- 1.1 0.6 --- 1.42 -- 0.82 -- - 2.67 ---- 1.54 

Mean 383 320 222 7.1 7.2 6.5 17.2 16.1 14.5
 

SE 1.7*** 0.09* 0.26*
 
Tel HadVa-2
 

371 264 194 276 6.1 6.6 8.8 7.2 12.4 15.8 15.8 138
 

377 286 207 290 9.0 8.5 6.8 8.1 22.7 17.0 17.0 201
 

392 290 209 297 7.9 8.2 6.4 7.5 15.0 12.4 12.4 139
 

372 282 203 285 8.0 9.3 8.2 8.5 17.5 16.4 16.4 174
 

369 280 208 286 7.4 8.2 6.8 7.5 20.7 12.8 12.8 166 

366 284 200 283 5.1 5.4 6.2 5.6 17.9 16.3 16.3 160 

391 289 199 293 6.5 8.3 7.3 7.3 16.8 15.1 15.1 169 

376 294 208 292 2.3 5.9 4.4 4.2 15.7 11.9 11.9 146 

SE ---6.3 ---- 3.6** ---- 0.64* -- 0.37 --- 1.37* --- 0.79*** 

Mean 377 283 203 6.5 7.6 6.9 14.7 16.4 17.3 
SE 8.6* 0.50 0.45 

Irr= full irrigation, MI= medium irrigation, NI= no irrigation. 
*,**,***, significant at 5%, 1% and 0.1% level of probability 

respectively. 
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Table 4.2. 11b. Cumulative water use (ONU, mm) and WUE (kg/im/ha) forseed yield (WUESY) and shoot mass (WUETBY) in cool season

food and feed legumes at Jinder=s. 

crop CwU WUFSY WUMY 

Chickpea 
 303 
 4.7 
 10.1
Lentil 
 269 
 7.7 
 16.9
Faba bean 303 6.0 10.0Peas 273 5.3 11.1 

Vicia sativa 273 7.7 14.7Lathyrus sativus 
 277 6.5 15.3Vicia narbon 308 5.7
Vicia villosa subsp. 326 

12.3 
4.4 10.9dasycarpa NS 
 NS * 

SE 
 16.6 
 1.07 1.74 

CV% 
 5.6 17.8 13.7
 

Table 4.?.12. Simple correlation of seed yield and shoot mass withseasonal Er and WUE for seed yield and shoot mass. (n-2=
8; r (5%)=0.632; (1%)=0.765). 

CroosCP LN FB PEA VS LS VN VVD 

(a) Seed yield 

Shoot mass 0.90 0.99 0.54 0.14 0.78 0.72 0.94 0.84
Seasonal Et 0.74 0.74 0.77 0.50 0.920.95 0.88 0.49WE seed yield 0.76 0.71 
 0.88 
 0.01 0.88 0.80 0.83 0.88
 

(b)Shoot mass
 

Seasonal Et 
 0.76 0.69 0.86 0.79 0.84 
 0.84 0.93 0.79
WUE shoot mass 0.81 0.82 0.92 0.75 0.67 0.88
0.94 0.77 
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Genotypic differences in drought resistance, both for seed yield and 
shoot mass, were similar at Breda and Tel Hadya on the criteria of DrI 
(Table 4.2.13 and 4.2.14). Among food legumes, winter chickpea and among 
feed legumes, Lathyrus was the most drought tolerant as these crops 

Table 4.2.13. 	 Regression estimates of slopes (intercept and slope) for 
seed yield on nmm water applied + rainfall at Breda and Tel 
Hadya. 

Breda Tel Hadva
 

Crop Geno Intc Slope Intc Slope
 

Chickpea ILC 482 1115.1 4.858 1569 4.232
 
ILC3279 876.3 3.653 1253 3.680
 
ICC 4958 1275.6 3.731 1505 3.571
 

F83-47C 1081.2 4.491 1440 4.151
 

Lentil ILL4400 722.7 10.019 1245 11.720
 
ILL4401 931.3 8.703 1380 10.663
 
1LL2069 720.6 10.756 1403 9.827
 
ILL 5604 842.8 9.300 1357 13.791
 

Faba bean ILB 1814 167.6 13.513 1508 8.139
 
ILB 1811 220.1 10.883 939 6.483
 
ILB 1270 195.4 13.566 1163 11.571
 
ILB 1266 20.3 14.744 1266 10.247
 

Peas ACC.#21 637.3 12.904 1686 11.279
 
ACC.#30 672.0 12.001 1161 5.885
 
AcC.#3 557.8 9.528 1096 4.471
 
ACC.#11 521.1 9.135 1100 4.645
 

Vicia sativa ACC.#2541 747.3 10.275 1306 11.474
 
ACC.# 715 665.4 8.613 1551 7.766
 
ACC.#1403 548.2 10.672 729 5.533
 

ACC.# 709 460.2 10.325 897 9.038
 

Lathyrus sativus ACC.# 347 672.6 6.531 1559 8.094
 
ACC.# 205 748.7 0.551 1503 -1.982
 
ACC.# 208 884.0 1.659 1612 -0.399
 

ACC.# 206 804.9 1.650 1700 -1.863
 

Vicia narbonensis ACC.# 76 648.7 11.749 1615 9.364
 
ACC.# 586 569.9 13.136 1623 9.239
 

ACC.# 588 676.5 11.456 1386 10.985
 

ACC.# 121 357.8 16.509 2060 5.408
 

Vicia villosa AC.# 683 541.0 5.242 1367 1.341
 
subsp. dasycarpa ACC.# 535 462.8 4.892 1388 1.922
 

ACC.#1088 756.0 3.049 1204 5.507
 
AAC.# 596 432.7 5.229 1399 2.218
 

SE(±) 	 181 1.5 141 1.25
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o0mbined lower response slopes to irrigation with high rainfed seedyield. The ranking of the crops in the decreasing order of drought
resistance was chickpea>lentil>peas>f ba bean both at TeI Hadya and Breda(Figure 4.2.11). Among the feed legumes (Figure 4.2.12) the ranking wasLathyrus sativus>Viciasativa = V. narbonensis>V. villosa ssp. dasycarpaat Breda. At Tel Hadya, V. nartonensis showed a greater droughtresistance combined with responsiveness to irrigation, which was also 
observed in the 1992 season. 

Breda 

3 

o o~l 

250 300 
 350 400 450 
 500 

Tel Hadya-l Lehll 
3 Febe been 

Dr pees 

ChIckpe.
"2-


U 

0
250 300 
 350 400 460 
 500
 

IrrlgeUon + rlinfell (mam) 

Figure 4.2.11. Response of sane cool season food legumes to line-source 
irrigation in seed yield at Breda and Tel Hadya. Syria, 
1992/93.
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Crop and genotypic differences in the slopes for total biological 
yield were sinilar, except that the differences were small and peas 
shcM the smallest slopes compared to any other crop at Tel Hadya (Table 
4.2.14). 

On the criteria of DT2 one chickpea genotype (IC 482), two 
genotypes of Lathyrus (Acc #208, and #206) and one genotype of Vicia 
nartonensis (Acc #588)showed a significant drought resistant response 
(Table 4.2.15). 

Breda 
claCflronenlsS 

3-


VWI.l V.d.SYilrpa 

250 300 350 400 450 50 

250 300 350 400 450 500 

Irrigation + rainfall (mm) 

Figure 4.*2.12. 	 Response of some cool season feed legumes to line-source 
irrigation in seed yield at Breda and Tel Hadya. Syria, 
1992/93. 
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Table 4.2.14. Regression estimates of slopes for total biological yield 
on m water aplied + rainfall at Breda and Tel Hadya. 

Breda Tel Hadra 
crop Geno Intc Slope Intc Slope 

Chickpea ELC482 2110 12.89 2877 14.35 
ILC 3279 2750 11.34 2866 18.72 
ICC 4958 2134 11.53 2582 15.72 
F83-47C 2298 14.20 3144 13.88 

Lentil ILL 4400 1725 34.27 2787 26.52 
ILL 4401 2046 27.27 3109 25.12 
ILL 2069 1677 32.14 3435 22.40 
ILL 5604 1987 30.17 3534 25.13 

Faba bean ILB 1814 1354 24.65 2510 15.75 
1ILB 1811 804 21.21 1633 12.55 
IIB 1270 959 23.09 1876 20.85 
ILB 1266 900 24.25 2136 18.55 

Peas AOC.#21 2122 25.61 3355 22.30 
ACC.#30 159 21.04 2158 8.77 
ACC.#3 1268 18.09 1992 6.78 
ACC.#11 1290 16.65 1978 7.50 

Vicia sativa ACC.#2541 2196 21.45 2343 29.27 
ACC.# 715 1841 20.80 2985 22.26 
ACC.#1403 1235 27.71 1552 12.91 
ACC.# 709 1420 27.20 1922 25.83 

Lathyrus sativus ACC.# 347 2101 15.45 3000 32.07 
ACC.# 205 1539 19.19 3361 25.37 
AOC.# 208 1977 17.91 3276 21.75 
ACC.# 206 1981 15.90 3764 18.81 

Vicia narbonensis ACC.# 76 1559 31.02 3289 26.39 
ACC.# 586 1631 26.55 3031 24.69 
ACC.# 588 1608 24.17 2859 21.79 
ACC.# 121 1151 34.96 3705 21.63 

Vicia villosa 
subsp. dasycarpa 

ACC.# 683 
ACC.# 535 

1848 
1476 

25.82 
27.37 

3246 
3237 

25.87 
27.51 

ACC.#1088 2263 17.40 3342 21.31 
ACC.# 596 1161 30.17 3049 29.26 

SE(±) 141 1.25 329 2.92 
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Table 4.2.15. Drought tolerance index (DI) for seed yield (SY) and 
total biological yield (TBY) at Tel Hadya. 

SY (kg/ha)_ DTI TBY (kg/ha) DTI 
NI Irrig NI Irrig 

chickpea ILC482 
ILC 3279 

1557 
1227 

1993 
1744 

1.72 
-0.84 

2816 
3222 

4768 
4633 

0.44 
0.51 

ICC 4958 1252 2064 -0.50 2615 3832 0.71 

F83-47C 1491 2212 0.43 3101 5161 -0.09 

Lentil ILL 4400 1424 3380 0.06 3535 8249 -0.29 

ILL 4401 1506 3048 0.24 3411 8206 -0.19 

ILL 2069 1463 2897 0.35 3431 7674 0.74 

ILL 5604 1368 2947 -0.47 3356 8124 -0.28 

Faba bean ILB 1814 1220 2931 0.21 2352 5395 -1.42 

ILB 1811 895 2395 -0.61 1585 4357 -2.10 

ILB 1270 1214 2822 0.25 2090 5105 -1.87 

ILB 1266 1259 2917 0.44 1980 5342 -2.09 

Peas ACC.#21 1553 2651 0.50 3152 5670 1.58 

ACC.#30 936 1894 -1.56 1772 3961 -0.34 

ACC.#3 747 1797 -2.17 1439 3312 0.01 

ACC.#11 668 1639 -2.21 1261 2917 -0.50 

Vicia sativa ACC.#2541 1412 2709 -0.19 2738 6781 -0.45 

ACC.# 715 1406 2262 -0.09 2958 7087 -0.81 

ACC.#1403 1052 2151 -1.73 2100 4541 -0.49 

ACC.# 709 1126 1792 -0.61 2610 5357 -0.33 

Lathyrus sativus ACC.# 347 1145 1694 1.00 3007 5672 1.45 

ACC.# 205 1142 527 1.05 2895 4277 0.33 

ACC.# 208 1240 1070 1.33 2908 4463 0.71 

ACC.# 20C 1291 673 1.91 3138 4662 1.49 

Vicia narbonensis ACC.# 76 1398 27b5 0.69 2959 6735 0.90 

ACC.# 586 1438 2676 0.40 2904 5749 0.87 

ACC.# 588 1351 2408 1.33 2656 5032 1.30 

ACC.# 121 1542 2677 0.53 3234 6186 1.04 

Vicia villosa ACC.# 683 974 1062 -0.38 2678 5902 -0.18 

subsp. dasycarpa 
ACC.# 535 1054 1133 -0.27 2810 6181 -0.46 

ACC.#1088 987 983 -0.37 2651 5942 -0.81 

ACC.# 596 941 909 -0.30 2562 4668 0.68 
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COncluM-4 o4n.TJuding on the criteria of yield loss well as on the DTI criteria,Lathyrus sativus was 
as 

the most drought resistant crop among feed legunmsand chickpea among the food legumes. Among the crops studied the leastresponse to irrigation in the above two crops suggest that these willbenefit relatively less in the years when there is a good rainfall. N.P.
Saxena and M.C. Saxena. 

4.2.4. Response of Vicia sativa subsp. azhicarpa to Drought
 

Amphicarpy, having pods both above and 
 below ground, is known to occurin several legumes including Vicia sativa. Amphicarpous crops thus leavea seed bank in the soil which results in establishment of a self-seededcrop next season. This trait is of importance in developing a leyfarming system. Effect of a drought continuum, created by a line- sourcesprinkler irrigation system, was studied on the distribution of aboveground (AG) and below-ground (BG) seed yield, shoot mass and harvestindex in an accession (Acc. No. 2650/2571) of Vicia sativa subsp.amphicara at Breda and Tel Hadya sites. Total seasonal precipitationat Breda and Tel Hadya was similar, as already indicated earlier. 

Rainfed crop took 137 days to flower and 174 days to mature at Bredaand 122 and 161 days, respectively, at Tel Hadya. The effects of variouslevels of noisture supply on flowering and maturity were studied at TelHadya. Days to flowering and maturity increased as the moisture supply
increased (Table 4.2.17). 

The tested accession showed rather low yield potential. Undernearly non-limiting mositure supply, about 3.0 t/ha of total shoot massand 0.8 t/ha of seed yield was produced. Crop growth and productivitywas drastically reduced because of drought with rainfed yields of shootbiomass and grain beirg less than 1.0 t/ha and 0.2 t/ha, respectively
(Table 4.2.17). 

The total and the above ground (AG) biomass yieldsincreased linearly as the mositure supply was 
of the crop

increased (Figure 4.2.13,Table 4.2.17). The below ground (BG) seed yield response was, however,quadratic with yield maximization occurring at around 400 nn of totalmositure supply (rainfall + irrigation). Thus, the BG seed yield wasless sensitive to drought than the AG seed yield.
 

Crop performed better at Breda 
 than at Tel Hadya, particualrly interms of BG seed yield. This reflects the adaptation of the ,crop tocourser soil texture common in Breda in contrast tc Tel Hadya. N.P.Saxona, M.C. Saxena and A.A. El Moneim.
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Figure 4.2.13. 	 Response to a gradient of water (irrigation applied + 
rainfall) on seed yield in Vicia sativa ssp. amphicarpa 
and partioning in above ground and below ground seed 
yield. Syria, 	1992/93.
 



Table 4.2.17. Effet of different levels of moisture supply above the seasoral 
saciva subsp. atiiica-a at Breda and Tel Hadya, 1992/92. 

precipitation on the pa-fcr.-ance of Vicia 

Additional misture 
supply (fon) 

Days to 
lower 

Days 
flcer 

to Abov ond 
Shoot ess Seed yield

(t/ha) (t/ha}) 
HI 

dqrUnder ground 
Shoo: mass Seed yield

zh ) (,' 
HT 

% 
SYOc 

t z 
(t/'ha) 

Total 
Seed yield

(t/17) 

168 

158 
140 
119 

94 
61 
25 

0 
SE44 

LSD (0.05) 
CV(%)

Tel Hadva 
162 
156 
144 
126 
104 
67 
22 
0 

S_ 
LSD(0.05) 

CV(%) 

-

-
-
-
-
-
-

137.0 
-

-

-

128.5 
128.5 
127.0 
124.3 
124.0 
123.5 
122.5 
121.7 
0.39 
1.15 

0.63 

-

-
-
-
-
-
-

174.0 
-

-

-

170.5 
170.5 
170.5 
169.0 
169.0 
166.7 
165.7 
161.0 
0.32 
0.94 

0.39 

1.66 

1.58 
0.57 
1.55 

1.29 
0.81 
0.61 
0.46 
0.225 

0.662 
42.18 

2.06 
1.94 
1.81 
1.40 
1.34 
1.09 
0.56 
0.30 
0.209 
0.610 

35.84 

0.22 

0.12 
0.05 
0.22 

0.16 
0.05 
0.03 
0.03 
0.053 

0.155 
95.12 

0.56 
0.47 
0.41 
0.34 
0.30 
0.28 
0.17 
0.11 
0.066 
0.192 

43.78 

1'./ 

5.8 
8.6 
11.9 

12.7 
6.2 
5.7 
5.6 
2.14 

6.30 
50.34 

26.4 
24.2 
23.3 
24.3 
22.8 
25.1 
30.4 
38.1 
2.03 
5.94 

17.05 

1.93 

1.46 
1.13 
1.44 

1.27 
1.07 
0.54 
0.51 
0.170 

0.501 
29.14 

0.47 
0.83 
0.60 
0.63 
0.51 
0.43 
0.26 
0.28 
0.138 
0.404 

59.26 

0.5 

0.50 
0.35 
0.49 

0.43 
0.33 
0.20 
0.18 
0.067 

0.197 
35.00
3 . 0 
0.18 
0.23 
0.23 
0.26 
0.21 
0.22 
0.12 
0.12 
0.036 
0.105 

38.97 

2'j.6 

35.0 
32.1 
33.3 

35-5 
32.6 
37.2 
36.7 
2.49 

7.32 
14.61 . 
39.4 
31.5 
53.5 
44.3 
45.7 
5 . 
47. 
42.0 
;.9 

17.41 
26.71 

3.59 

3.04 
1.70 
2.99 

2.56 
1.88 
1.15 
0.97 

2.53 
2.77 
2,41 
2.03 
1.85 
1.52 
0.82 
0.58 

0.80 
0.62 
0.40 
0.71 

0.59 
0.38 
0.23 
0.21 

0.74 
0.70 
0.64 
0.60 
0.51 
0.50 
0.29 
0.23 

o 

0 
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4.2.5. Effects of Drought on BCM Content of Seeds of chickling 

Chicklinqs are knri, to contain BOAA in seed whii results in reduced 
nutritional value of this otherwise valuable food ari feed legume.. In 
our 1991/92 season study we observed that drought incrtsed the RAA 
content in the secfs. 'Ibis aspect was further stuoied in the P392/93 
season 1bY arklysing seeds of four different genotypes o L 't, t.''VLL 

r',_ uitlterent rslgture regime treatments in the dilulhit stt.ides 

descrioed earlier. llhe protein cxontent of seed was al,, eam11,,1. 

In the experimient where 3 levels of moisture supply were c ,,Ated at 
Tel Hadya to simulate different degrees of drought (Table 4.2.18) results 
on BOAA contcnt confirmed the observations of 1991/92; the BOAA content 
increased as the level of drought increased (moisture su~ply doca:eased). 
There was no significant genotypes x moisture supply interaction. 

In the experiment with the line source sprinkler system where a 
graaient. of drought was created both at Tel Hadya and Brleda, tlie 1.fiect 
was similar to that obtained in the above mentioned expoeriment. 'There 
was a neciative correlation between total seasonal moisture supply uu" the 
BOAA content Ln seed of all the genotypes (Table 4.2.1D), iltlic~h there 
were genotypic difterences in the rate of response. The correlati)n was 
stronqer in Aco No. 206 at Breda and in Acc No. 205 at Tel Hadya. 

Response to increased moisture supply (decreac4 cr(rqhl i was 
positive (Table 4.2.19). 'Ibis response is rather surprisirn am is in 
contrist to the response observed in other grain legume si,ch as 
chickpea, where the protein content tends to increase in droughty 
conditions because of greater sensitivity of carbohydrate accumulation 
in the seeds to drought. 'This contrasting response of chicklinc needs 
to be furtther investigated. 

Table 4.2.18. 	 Ettects of drought on % BOAA content in tlie seai- ot 4 
chicb:ing genotypes, Tel Hadya, 1992/93. 

Level of drought 
Genotype Aco # Severe Moderate None Mean 

347 0.6200 0.5950 0.6683 0.678 
0.6110 	 0.6420 0.607 1 0.6..01 

208 0.6047 0.5760 0.6047 0. 5r,1 
709 0.5870 0.5927 0.6483 0.6(93
 

2U5 


SE(+) 	 0.10996 --------------- 0.0 170
 

Mean 	 0.6057 0.6014 0.6322
 

SE(±) 	 0.00827
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Table 4.2.19. Correlation coefficients between seasonal moisturs supplyvaried through a line-source sprinkler system, and thelevels of protein and BOAA content in four genotypes of

Lathyrus at Breda and Tel Hadya. 

Protein %Genotypes % BOAA conentBreda Tel Hadya Breda 
 Tel Hadya
Ac # 

347 
 0.605 
 0.932 
 -0.370 -0.544
205 
 0.785 
 0.653 
 -0.419 
 -0.936
208 
 0.934 
 0.849 
 -0.146 
 -0.539
206 
 0.769 
 0.617 
 -0.759 
 -0.400
 

4.3. Rotation Effects on Seed Bank of Underground Vetch
 
In the 1989/90 season an underground vetch (V. 
 sativa ssp. amphicarpa) barley (AS46/Atlas) trial was connenced. In the year of establishment,four grazing treatments were imosed. They grazedwere:March or April in February oror not at all. In the following year, plots were sown tobarley and vetch was allowed to come up as volunteer. During the 1991/92to 1992/93 seasons, the vetch allowedwas to self regenerate.beginning of the 1992/93 At the season, seedling emergence was measured. Eachplot was divided in two parts. At 100% flowering one halfestimations of herbage yield, the 

was cut forwhile second half was harvested atmaturity. Above ground biomass and seedbank size wereGerminability measured.of the underground seedbank was also determined atbimonthly intervals after seed maturity. 

The pattern of seedling emergence is described in Table 4.3.1. Themajority of seedlings emerged at the beginning of March with at least 85%emerging at the end of the month. An average of 37 seedlings/md hademerged by the end of April. There was no significant difference between
treatments indicating that during successive regenerations any difference
in seedbank sizes had evened out.
 

Table 4.3.2 shows the aboveground biomass
and at maturity for the 1992/93 
figures at 100% flowering


season. There was no difference between
the 1989/90 treatments. This is not surprising since theredifference in was nothe seedling emergence figures. Likewise there was nodifference between the 1992/93 treatments. This perhaps reflectsvery poor aboveground seed production during the 
the 

season.
 
Seedbank status at maturity (1992/93 season) 
 is described in Table4.3.3. Although mean 

1989/90 
seed numbers ranged from 1429 to 2502 seed/m'for thetreatments, there was no statistical difference. Thisreflected in isthe lack cf treatment difference for the seedling emergence 
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and aboveground biomass data. Likewise for the 1992/93 treatments there 
was no difference between cutting at 100% flowering and harvesting at 
maturity (except for the no-grazing treatment). This could be due to 
underground see-d formation ti'ing place before the cutting treatment. 

Table 4.3.1. 	 Seedlings emergence in the 1992/93 season for underground 
vetch plots which in the year of establishment (1989/90) 
had been grazed in February or Mlarch or April or not at 
all. 

Grazing treatment Seedling emergence (Plants/m2)* 
(1989/90) 3/3/93 17/3/93 31/3/93 14/4/93 28/4/93 Total 

February 17 8 4 2 1 32 
March 26 8 1 1 1 37 
April 28 10 2 1 1 42 
No grazing 19 9 2 1 1 32 

Mean 	 22.9 9 2.3 1.1 1 36.6 
SE ±4 2.9 4 1.4 1.3 0.61 6.8 
LSD (P=0.05) 7.2 n.s. n.s. n.s n.s. n.s 

* 	 Each figure is a mean value derived from 3 reps per treatment and 4 
quadrants per replicate. 

Table 4.3.2. 	 Aboveground biomass for self regenerating plots of 
underground vetch for the 1992/93 season. In the year of 
establishment 	 (1989/90) plots were grazed in February or-
March or April or not at all.
 

Grazing treatment Abovecround biomass (kqc/ha)
 
(1989/90) 100% flaering Maturity Mean SEM+. Sig.
 

February 657 873 765 460 n.s.
 
March 903 830 866 380 n.s.
 
April 1351 1026 1189 271 n.s.
 
No grazing 856 1576 1216 554 n.s.
 

Mean 941 1076 1008
 
SEM± 289 434
 
Sig n.s. n.s.
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Table 4.3.3. Seedbank status for self regenerating plots of underground
vetch after the 
 1992/93 seed-set. 
 In the year of
establishment (1989/90) plots were grazed in February orMarch or April or not at all. In the 1992/93 season each
plot was subdivided and cut at 100% flowering andharvested at maturity. Each value is a mean derived from3 reps per treatment and 3 oore-samples per subplot. 

Grazing Cutting Seed/n 2 Mean SE+ LSDtreatment treatment 
(1989/90) (1992/93)
 

February 100% flowering 1398 
Maturity 
 1461 1429 
 169 n.s
 

March 100% flowering 2176 
Maturity 2628 2402 241 n.s. 

April 100% flowering 2786 
Maturity 2218 2502 783 n.s. 

No grazing 100% flowering 1335 
Maturity 
 2912 2123 
 316 831
 

Mean 2114 
SE ± 645 
LSD (P-=0.05) n.s. 

Table 4.3.4 shows the seed softening process after seed maturity.On average there was 80% hardseededness at the beginning of summer. Thisdeclined to 58% during autumn with the sharpest decline occurring duringSeptember. There was some difference between treatment. over the first3 determinations with February maturity treatments being around 10%lower. Ken Street and A.A. El Moneim. 
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Table 4.3.4. 	 Hardseed breakdown for the underground seed component of 
the underground vetch rotation trial beginning June 1993. 
In the establishment year, plots were grazed in February 
or March or April or not at all. In the 1992/93 season, 
each plot was divided into two, one plot was 'grazed' at 
100% flcering, the other at maturity. The numbers in the 
body of the table are percentages of seeds which did not 
germinate or imbibe. 

Grazing Cutting 	 Samplina dates 
treatment treatment 23/6 6/7 22/7 8/8 7/9 21/9 11/10 SE LSD 
(1989/90) (1992/93) (±) PO.05) 

February Flowering 82 
Maturity 64 

87 
72 

87 
72 

65 
67 

69 
64 

60 
70 

64 
55 

7.5 
7.1 

16.1 
15.3 

March Flowering 80 82 82 83 70 65 54 8.3 18.9 
Maturity 78 82 82 69 71 64 55 9 19.4 

April Flowering 81 
Maturity 80 

86 
80 

85 
80 

78 
76 

77 
79 

70 
81 

60 
56 

51 
6.8 

11 
14.6 

No grazing Flowering 
Maturity 

85 
85 

80 
69 

80 
69 

72 72 
8.3 67 

71 
70 

63 
56 

6.7 
6.2 

14.4 
13.2 

Mean 79 82 79 74 71 68 58 
SEM 6.6 6.2 5.5 6.8 5 8.6 7.2 
LSD (P=O.05) 14.2 n.s. 11.9 n.s. n.s. n.s. n.s. 

4.4. Forage Legume Pathology
 

The program of feed legume improvement of Vicia spp. and chicklings 
(Lathyrus spp.) has identified prcmising genotypes of these species in 
term of yields and adaptation. The objectives of the pathology section 
is to evdluate the selected genotypes for resistance to the major 
diseases and make available information on sources of resistance to 
individual and multiple diseases. Since the feed legume genotypes are 
not yet widely grown in the WANA region, the relative importance of the 
diseases on the genotypes should be monitored annualy through disease 
surveys. This would identify the major diseases and their potential 
economic significance in different agroecological areas where the crops 
are grown.
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4.4. 1. Screening for Disease Resistance 

4.4.1.1. Evaluation of germplasm accessions in the field 

Germplasm accessions of five Vicia species and two Iathyrus species wereevaluated for resistance to ascochyta blight and botrytis stem blight inthe field, and to powdery mildew in the greenhouse. The results arepresented in Table 4.4.1 and 4.4.3. 	 sameVicia species 	had accessionsthat were resistant to each of the three diseases except V. palaestinawhich had no 	 resistance to powdery mildew. V. narbonensis had oneaccession (566/2381) which was rated resistant (R) to powdery mildew, butall other Vicia species showed moderate resistance to Ascochyta blight,botrytis stem 	blight and powdery mildew (Table 4.4.1). Some lines hadresistance to multiple diseases and they are presentcd in Table 4.4.3.Lathyrus sativus and L. cicera were susceptible to the three diseases andonly one selection of L. sativus (349/564) was moderately resistant toAscochyta blight and two selections (410/510 and 410/524) were moderatelyresistant to powdery mildew (Table 4.4.2). None of the L. sativus andL. cicera accessions showed multiple disease resistance (Table 4.4.3). 

Table 4.4.1. 	 Disease reactions of some promisirng selections of Vicia 
species at Tel Hadya in 1992/93. 

Vicia spp. Disease No of accessions showingj disease rating

(no of acc.) 
 of reaction1 2 3 4 5 

V. sativa Asc. blight 0 8 27 15 0(50) Bot. blight 0 14 25 11 0 
P. mildew 	 0 
 8 26 16 0V. narbonenisis Asc. blight 0 	 142 	 9 0(25) Bot. blight 0 8 13 4 0 
P. mildew 	 1 15 8 1 0V. ervilia Asc. blight 0 12 7 6

(25) Bot. blight 	
0 

0 6 8 11 0
P. mildew 	 0 23 2 0 0V. palaestina Asc. blight 0 5 11 0

(16) Bot. blight 0 5 	 5 
0 

6 0 
P. mildew 	 0 0 0 9 7V. hybrida Asc. blight 0 16 0

(16) Bot. blight 0 13 3 
0 
0 

0
0 

P. mildew 0 7 	 36 	 0 
+ Disease reaction for ascochyta (Asc.) blight and Botrytis (Bot.) stemblight from field and powdery mildew (P. Mildew) from greernhouse;l=resistant (R), 2=moderately resistant (MR), 3=Intermediate (I),4=susceptible 	 (S) and 5=highly susceptible (HS). 
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Table 4.4.2. 	 Disease reactions of promising Lathyrus species at Tel 
Hadya, 1992/93 

Lathyrus spp. 	 Disease No of accessions showina disease ratin of 
(No. of acc) 	 1 2 3 4 5 

L. 	 sativa Asc. blight 0 1 13 2 0 
Bot. blight 0 0 4 9 3 
Pow. mildew 0 2 7 14 15 

L. 	 cicera Asc. blight 0 0 4 5 0 
Bot. blight 0 0 5 4 0 
Pow. mildew 0 0 0 9 0 

4.4.1.2. Evaluation of Lathyrus sativus to Asoochyta blight at Breda 

Lathyrus species giown in advanced yield trials and adaptation trials at 
Breda station developed widespread disease symptoms in March 1993. Thne 
disease was identified as ascochyta blight and the field diagnosis was 
confirmed by isolation and identification of Ascochyta pisi in cultures. 
The reaction of different selections are presented in Figure 4.4.1. The 
area was planted with several Iathyrus and Vicia species, but only L. 
sativus was infected. Lathyrus cicera, L. ochrus and Vicia narbonensis 
were free from infection. The other L-thyrus species in the trials are 
also hosts of the same fungus, but did not get infected. ihis may be 
because they were resistant or that inoculum was not available in all 
plots. 

4.4.1.3. Reoonfirmation of resistance 

Lines of Vicia and Lathyrus species that were resistant and moderately 
resistant in the 1991/92 disease screening were re-evaluated in the 
greenhouse to confirm the resistance. A total of 29 selections (6 of V. 
sativa, 12 of V. narbonensis, 7 of V. ervilia, and 8 of L. sativa) were 
evaluated. Results are presented in Figure 4.4.2. None of the 
selections was resistant ar.J only one selection of V. narbonensis (S 
2397), two of V. sativa (S 2495 & 2497) and three of V. ervilia (S 2509, 
2510, & 251.7) were moderately resistant. M.T. t1baga, A.A. El Moneim and 
M. Bellar. 
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Figure 4.4.2. 	 Reconfirmation of ascochyta blight resistance in Vicia and Lathyrus species in green house. 
No. of lines listed is in paranthesis. 
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Tle 4.4.3. iebest sources of nultiple disease resistame in the Vicia ard 

Lathyrus species, 1992/93. 

Az~sicn/s-ecItri r-,c er showinl R toM 	 reaction toSpecies Asc. & Bat. Asc. & P. mildE Bat. & Po. Barytis 
P. tildew &P. mildew 

V. sativa 	 3637/2609 Nore Ncne Ncne 
3840/2614
 
3841/2615
 
4169/2626
V. muirbxnsis 	 67/2561 67/2561 67/2561 67/2561
 

556/2376
 
564/2379
 
1145/2394
 
1146/2395
 
2521/2398
V. ervilia 	 2943/2519 2943/2519 2943/2519 
 2943/2519


4657/2647 4657/2647 4657/2647 
 4657/2647

4658/2648 4658/2648 4658/2648 
 4658/2648

4659/2649 4659/2649 4659/2649 
 4659/2649
2660/2650 2660/2650 2660/2650 
 2660/2650
 

2793/2509
 
2799/2510
 
2804/2513
 
3479/2521
 
2661/2651
 

V. 	 pjaaestimr 3251/2531 None None Nce
 
3270/2534
V. hybrida 	 2908/2540 2908/2540 2908/2540 2908/2540

2938/2542 2938/2542 
 2938/2542 2938/2542

2988/2543 2988/2543 
 2988/2543 2988/2543

3035/2544 3035/2544 3035/2544 
 3035/2544

3044/2545 
 344/2545 	 3044/2545 3044/2545

3108/2548 3108/2548 3108/2548 
 3108/2548

2914/2141
 
3105/2547
 
3285/2549
 
3333/2551
 
3353/2552
 
3565/2553
 
3524/2554


Lathyrus sativus ne none noe none

L. cicera 	 re ron none 
 non
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4.4.2. Scrwdmq Vicda and Iatfrpu q8xpes to Ct Namtode (Wkwrcka 
aiaeri) 

Pranising gentype of nar n-vetch (Vicia serbanis), cmon vetch (V. 
sativa), bitter vetch (V. erivlia), V. palaestina, V. hybrida, and cxrm 
diidding (L. sativus), and dcarf chickling (L. cicena) were planted in nematode 
infested soil in the greenhouse. Inxcufum density was about 20 eggs of 
Heteroxara ciceri per or soil and the greenhouse was maintained at 16/250 C 
night/day temperatune. Disease reaing was doe 50 days after seedling 

rgec and lines wre rated for H. ciceri infestation by using a 1-5 scale, 
based an number of female nematodes and cysts per gram fresh weight of roots. 
11e reactio of the different species is presented in Thble 4.4.4. Mo3st of the 

Vicia sativa and V. hybrida accessics were R to MR aooxrding to synptam 
expression and nunber of nEmatodes/g of root. Nce of the other species had 
resistanc to cyst nematode and most of the a iors were suscetib] e. M. 
Bellar, A.A. El Mlmcim and M.T. Mkbaga. 

Tbla 4.4.4. 	 Reacticn of promising lines of Vicia and Lathyrus species to 
cyst nematode (Heberxira ciceri) in the greerhose. 

Species No. of lines showing a rating* of Range of M. 
(no. of acc. of rmatods/ 
tested) 1 2 3 4 5 g root 

Vicia sativa (50) 20 25 5 0 0 1-65 
V.nnrtcrais 	 (25) 0 0 5 15 5 38-289 
V. erviia (25) 0 0 4 15 6 92-294 
V. pq1aotina (16) 0 0 5 11 0 50-184 
V. hybrida (16) 1 14 1 0 0 3-30 
Iathyrus sativus (16) 0 0 3 11 2 65-370 
L. cicera (9) 0 0 2 4 3 73-265 

* Reacticn rating of 1--resistant, 2=--xlrately resistant, 3=Intermediate, n-d 
4-5=tible and highly suscptible 

4.4.3. Disease &arvoy for Farago Lagmos 

Disease inciderce and severity in Vicia and Lathyrus species was evaluated in 
farmer's fields and cn-farm trials in south, central and northern Syria. The 
targt sites for the survey ware the cn-farm and cn-staticn trials of prenising
Lines that were planted at Dara'a, Dael, Izra'a, Hare, Idleb, Afes, Chazael, 
Ham and Kamishly locaticns. In addition, farners fields ercmutr. and around 
these locations were also included in the suwvey. Tje cbjective was to assess 
the disease situatln in vethes aid hiclimrs and evaluate selectd praising 
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lines for disease reactin.
 

Disease incidence and severity as recrded and sanples were collected for 
identification and for inoculn develcpment for fubre use. Results are 
presented in Table 4.4.5. Wilt, mused by PUsariun crqjnrum, mostwas 
prevalent at all locations. Other root rut pathons that were associated with 
the wilt were TFh zccia btaticola, and had a lcwr freuny of occurrence 
than the wilt/root rot. The rainfall data for the locaticns is preerite in 
Table 4.4.6. 

Table 4.4.5. 	 Distiltuticn of different diseases and averag frequecy of 
isolaticn (Av. freq.) prTdsing forag legume crops gram in on
farm and cn-statickn trials in Syria in 1992/93. 

Trial Diseases Isolated No. of Av. frq. Locatic s
 
padtxn farm (%)
 

Crcp
 

Vici i erviLia 
cn-st. Wilt/root rot F. exzspa/um 1 49 Dara'a, Izra'a 
On-farm Ham, Afes 

Rhxma? 2 28 Ghasael 
R. bataticola 1 46 

Vicia sativa 
On-st. Wilt/root rat F. oxysp nru 3 59 Ciasael, Izra'a 
On-fan R. solani 1 25 

Stem blight S. sclerotiorum 2 72 Ham 
Asocryta sp. 2 70 Kamishly 

Downy milck - 1 - Kamishly
Ascadhyta blight A. pisi 2 57 Mihl1y/lAtada 

Vicia narborensis 
On-st. Stem blight S. sclerotiorum 1 42 Izra'a 

F. corysparum 1 42
 
Asccchyta blight Ascaxryta sp. 1 33
 

Vicia anucarpa 
On-st. Wilt/root rot F. spYypnm 1 70 Hama 

R. solani 1 53 
R. bataticola 1 17 

La htlrs sativa 
On-st. Wilt/rot rot F. cxyspornu 1 64 Dara'a 

R. bataticola 1 30 
Root rot/stm R. ?yz~un 1 30 Hama 
Blight Fhcna 1 40 

Asrdyta sp. 1 20 
Asoxchyta blight Ascrdryta sp. 100 Breda 

Iadynus od-in
On-st. Root rot/wilt F. 3spum 1 85 Hama 



whle 4.4.6. 	 Total mnthly rainfall (m) durirg 'de 1992/93 s at different lccations whxere an
farm/on-station trials n forage legme wee cadxbtd.
 

IDxCaticn Sep Oct Nyv Dec Jan Feb Mr Apr May June- Total Ilrn-t m 
Average 

Jelline 0.0 0.0 55.0 140.4 39.3 54.0 40.0 1.9 25.0 0.0 356.0 450 
Izra' a 0.0 0.0 43.9 122.0 37.0 22.4 22.4 9.6 0.0 0.0 266.0 284 
Hems 0.0 0.0 69.2 99.4 48.0 46.9 56.1 14.0 71.8 1.0 406.0 413 
Ham 5.3 0.0 90.9 35.1 72.6 50.9 45.2 8.2 67.1 0.3 375.6 327 
Ghab 4.5 0.0 170.0 75.6 88.2 158.2 99.0 13.4 86.2 5.0 698.9 673 
Idleb 16.4 0.0 56.4 48.8 70.4 32.6 41.8 2.8 24.4 9.0 304.0 520 Ln 
Azaz 0.0 0.0 63.7 53.3 73.1 71.0 51.5 37.3 56.3 7.0 413.0 -
A1 o 
Tel Hadya 0.0 0.0 49.0 49.7 57.9 39.0 41.4 1.6 51.2 0.0 288.8 352 

Hassake 0.0 0.0 57.5 14.5 48.2 40.3 16.3 69.7 161.4 3.2 421.0 285 
0.0 0.0 112.2 30.5 42.1 101.2 43.8 94.0 150.6 2.5 576.0 403 

Der Ezur 0.0 0.0 8.9 15.8 24.8 8.8 7.0 19.1 36.5 P.0 120.7 155 
Tartus 0.0 1.0 79.5 216.0 104.5 190.0 108.0 16.0 61.5 0.0 777.0 855 
Jableh - - - - - - - - - - 891 
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4.5. Forage Entcmology
 

4.5.1. Effect (,' _itua crinitus on Vicia Yield 

The experiment on Sitona control in Vicia dasycarpa wds conductedJinderess and Alkamiye, 	 atusing the same Prcmet treatment as in lentil(Section 3.4.1). The nodule damage started slightly later and was lowerat Alkamiye than at Jinderess. The mean nodule damage was 69 % atAlkamiye and 79 % at Jinderess and was significantly reduced by Prcmettreatment (Figure 4.5.1). At Alkamiye and Jinderess both seed andbiological yields were significantly increased by Promet treatment. 

Promet Jinderess
 

Check
 

Promet Alkamiye 

Chi..ck 

100 80 60 40 20 0 1 2 3 4 5 6 7 8 
%nodule damage Yield (t/ha) 

Figure .5.1. 	 Effect of Promet seed treatment on Vicia dasycarpa seedand biological yield and nodule damage by Sitona crinitus 
at 2 locations, Syria, 1992/93.
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Plant samples were taken once in early May and at harvest and 
analysed for nitrogen content. No significant differences due to 
treatments were found in spite of the nodule damage (Table 4.5.1). The 
nitrogen yields were higher with Promet treatment, but not significantly 
and only due to crop yield increases. 

The experiment confirmed that Sitcona does infest Vicia and control 
results in significant yield increases. However, Promet treatment may 
not be economical in subsistence farminx,. In commercial seed production 
fields it might be economical. 

Table 4.5.1. 	 Effect of Promet (12 ml/kg seed, P 12) treatment on 
percent shoot nitrogen content, seed, total and nitrogen 
yield and nodule damage by Sitona in Vicia dasycarpa at 2 
locations in Syria, 1992/93.
 

Location Treatment % N Vicia yicid N yield %nodule 
4 May 22 May (kct/ha) (kg/ha) damage 

Seed Total 26 April 

Jinderess 	 Check 2.83 2.26 1750 4440 99.8 79.6 
P 12 2.65 2.33 1931 5049 117.8 5.5 
S.E.M. 0.06 0.12 29.7 101.0 4.8 0.8 
LSD 5% NS NS 133.8 454.4 NS 3.4 

Alkamiye 	 Check 3.14 2.06 2334 5851 120.3 68.9
 
P 12 3.01 2.01 2517 6941 139.4 3.0
 
S.E.M. 0.08 0.12 38.3 196.4 7.5 4.2
 
LSD 5% NS NS 172.5 883.9 NS 19.5
 

4.5.2. Aphid 	Control in Vicia 

This experiment was designed to compare the effectiveness of Gaucho seed 
treatment (Gaucho 35, 2.85 ml/kg seed) and Pirimor spray (50%, 0.5 g/1)
 
for aphid control, but due to low infestation no data could be colleuted. 
Samples were taken to also record the nodule damage. Gaucho seed 
treatment did not have any effect as the nodule damage was 77% and 79%, 
respectively with and without treatment. 

4.5.3. Effect of Neurotoxin Content in Lathyrus on Insect Infestation 

Three lines of Lathyius sativus with low (IFLV 347/587), medium (IFLV 
522/535) and high (IFLV 482/530) neurotoxin content and several lines of 
Vicia sativa, Vicia narbonensis, Vicia benghalensis and species of Vicia 
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dasycarpa were evaluated for insect infestation by counting number of
insects per white board (25x50 cm). In general insect infestation was
low in all the species, aphids and thrips ware the most common insects.
Only thrips were recorded in higher numbers, especially in the Lathyrus
lines. The neurotoxin content had no significant effect on the thrips
infestation, as on average 179 thrips per board were recorded in the low,
125 in the medium and 138 in the high neurotoxin lines. In Vicia species
number of thrips was lower, between 10 and 40 per board, than in
Lathyrus. S. Weigand and A.A. El. Moneim 

4.5.4. Insect Control in Sainfoin (On brychs viciafolia) 

In a collaborative project with the University of Ankara potential ways
to control damage caused by Bembicia scopigera to sainfoin are being
examined. Sainfoin is a native, widely grown, semi-perennial forage
legume well adapted to highland farming systems in central and eastern
Anatolia. Over the past years the underarea seed production by the
Turkish State Farm Organization as well as on farmers fields has
decreased rapidly due to the increasing attack by B. scopigera. he
larvae tunnel into the root crown killing the plants frequently in the 
first years.
 

In 1992/1993, work was initiated to screen existing cultivated andwild germplasm for potential resistance. From previous selections 1324
seedlings were transplanted from greenhouse to field plots and evaluated
for several growth characteristics. At different locations plants were
selected from 3,4,5, and 6 year old plots and seed will be planted next 
year. At one location different sowing densities, 40 and 80 kg/ha, and 
treatment with Thiodan are studied. A further national collection of
germplasm was made, which will be continued next year with cphasis on 
wild species. B. Elci (University of Ankara) and S. Weigand. 

4.6. Biotechnology 

4.6.1. DNA Fingarprinting in Vicia sativa 

The DNA from 5 Vicia sativa ssp. sativa accessions and 1 Vicia sativa 
ssp. amphicarpa accession was analyzed with the probe/enzyme combination
(GATA)/DraI. The obtained patterns (Figure 4.r;.1) demonstrate the 
presence of V. sativa ssp. ampVhicarpa specific bands. Many polymorphisms
could be detected between the different accessions of V. sativa ssp.
sativa but no polymorphism was revealed between the 2 plants from the 
same accessions. W. Choumane and F. Weigand. 
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Figure 4.6.1. 	DNA fingerprinting of Vicia sativa ssp. sativa and Vicia 
sativa ssp. amnhicarpa. The lanes 1-6 show different V. 
sativa ssp. sativa accessions, namely S 2670, S 3011, S 
3029, S 3091, S 3325.1 and S 2\3325.2; 7 shows the V. 
sativa ssp. amjicarpa accession A 2660; M shows the 
molecular weight marker, lambda EcoRI/HindIII digest. The 
black triangles show V. sativa ssp. amphicarpa specific 
bands. 
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5 MRY PEA IMROVE2ENT 

The dry pea research at ICARDA was initiated in 1986/87. As extensivevarietal improvement work is being done on dry pea crop at a number ofinstitutions in the developing and developed countries we capitalise onthis research, instead of running our breeding program,own to identifydry pea cultivars adapted to the farming systems of WANA. Our work isconcentrated in the following areas: 

i. Collecting enhanced geraplasm/cultivars from the institutes workingon dry pea in developed and developing countries and testing them atICARDA sites to identify superior lines for evaluation by the
national programs in WANA.ii. Developing suitable production technology and its transfer to thenational programs for testing and adaptation. 

5.1. Germplasm Collection and Evaluation 

The new accessions obtained from various institutions were evaluatedTel Hadya atin two trials, Pea Genetic Evaluation Trial-i with 24 entriesin a randomized complete block design and Pea Genetic Evaluation Trial-2with 49 entries in a 7x7 lattice design. The data were recorded onvarious phenological and morphological characters. 

5.1.1. Pea Genetic Evaluation Trial 1 

Time taken to flower ranged from 113 days for Acc. No. 494 to 129 daysfor Acc No. 507; time taken to mature ranged from 153 days for Acc Nos. 323, -326, -328 to 168 days for Acc No. 507; and the harvest index rangedfrom 33% for Acc No. 507 to 61% for Acc No. 223 (Table 5.1.1). Seedyield varied from 400 to 3408 kg/ha and the five highest seed yieldingentries included Acc Nos. -501, -503, -495 -497 with-225, and
yields of 3562, 3408, 3122, 3037 

seed 
and 2922 kg/ha, respectively. 

5.1.2. Pea Genetic Evaluation Trial 2 

Tim to flowering ranged from 92 days for Acc No. 541 to 116 days for AcoNo. 550. The Acc Nos. 507 and -550 were the latest to mature taking 150days. The harvest index in these introductions ranged from 30% to 60%.The Acc No. 225 was the highest yielder and was followed by Acc Nos. 551, -534, -514, and -549 with seed yields of 3180, 3100, 3025, 3013,2954 kg/ha respectively. The entries with semi-leafless 
and 

character wereranked 20, 28, 33, 43 and 48; two entries were with prostrate growthhabit and were ranked 48, and 49; and the entry with semi-prostrate habitranked 47. All the lines with high bicmass (>5000 kg/ha) were the topseed yielders and had semi-erect growth habit. Some of the high yieldingentries along with their seed yield, time to flower, time to mature, and 
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harvest index are given in Table 5..2. 

Table 5.1.1. Adjusted seed yield (YUI=kg/ha) and rank (R), biological 
yield (BYLD=kg/ha), time to flower (DFrIR), time to mature 
(]MIAT) and harvest index (HI) of some of high yielding 
entries in Pea Genetic Evaluation Trial 1, at Tel Hadya 
during 1992/93.
 

Acc. No. Origin YLD R BYLD DFLR [MAT HI 

321 France 2072 13 3716 119 158 56 

323 Denmark 565 23 1104 116 13 51 

324 Denmark 862 21 1791 116 158 48 

326 Denmark 828 22 1727 115 153 48 

327 Denmark 400 24 832 115 155 48 

328 Denmark 1296 20 2511 114 153 52 

492 Australia 2591 9 5139 118 157 50 

493 Australia 2506 11 5090 120 158 49 

494 Australia 2683 8 5215 113 159 51 

495 Australia 3037 4 5630 116 158 54 

496 Australia 1821 17 3726 121 158 49 

497 Australia 2922 5 5276 115 158 55 

498 Australia 2061 15 3993 115 158 52 

499 Australia 2300 12 4427 117 158 52 

500 Australia 1857 16 4491 118 157 41 

501 Australia 3562 1 6680 114 158 53 

502 Australia 2797 7 4813 114 157 58 

503 Australia 3408 2 6570 119 157 52 

504 
505 

Ethiopia 
9xan 

2842 
2546 

6 
10 

5476 
4580 

122 
112 

159 
156 

52 
56 

506 Sweeden 1507 19 2831 116 154 53 

507 Sweeden 1610 18 4929 129 168 33 

223 
225 (Check) 

Syria 
Syria 

2072 
3122 

14 
3 

3419 
6292 

115 
120 

157 
157 

61 
50 

Location Mean 2136 4177 117 157 

S.E. of Mean 343.48 619.38 0.65 1.06 

L.S.D. at 5% 977.72 1763.09 1.85 3.03 

C.V. % 27.85 25.68 0.96 1.17 

Significance * * * * 
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Table 5.1.2. Adjusted seed yield (Yield=kg/ha) and rank (R), biologicalyield (BYLD=kg/ha), time taken to flower (DFLR), timetaken to mature (DMAT), and harvest index (HI) of some ofthe high yielding entries in Pea Genetic Evaluation Trial

2 at Tel Hadya during 1992/93. 

Acc. No. Origin YID R BYID DFLR EXMAT HI 

508 
 Australia 
 2542 
 16 4674 
 94 140 54
514 Australia 3013 4 5579 94 138 54Australia
516 2447 20 4507 93 135 54
518 2865 10 4992 92
Australia 

137 57
519 Australia 2944 7 5284 96 
 140 56
520 
 Australia 2951 6 
 4908 96 
 140 60
Australia
526 2862 11 5118 95 138 56527 
 Australia 
 2883 9 5447 95 
 141 53
529 
 Australia 2479 i 
 4138 90 
 135 60
533 
 Australia 2839 12 
 4824 92 
 140 59
534 
 Australia 3025 3 
 5465 94 
 140 55
538 
 Australia 
 2513 17 4511 99 
 140 58
539 Australia 2787 13 4974 99 141 56
542 
 Australia 
 2674 15 4573 93 137 58545 
 Australia 2468 19 4484 
 94 140 55
546 
 Australia 2918 8 5253 94 
 138 56
548 
 Australia 2715 14 
 4694 
 93 140 58
549 
 Australia 2954 5 5072 94 140 58
551 
 Croatia 3100 2 
 5536 93 
 140 56
223 Syria 1514 46 
 3845 
 95 138 39
224 
 U.K. 1383 47 
 3028 95 
 138 46
225 Syria 3180 1 5823 
 99 141 55
 

Location Mean 
 2302 
 4207 
 95 139
S.E. of Mean 
 336.78 
 595.95 1.50 1.35
LSD at 5% 
 965.84 
 1709.10 4.27 
 3.83
C.V. % 
 20.69 
 20.04 2.23 
 1.37
Significance 
 , •, , 

5.1.3. Evaluation for cold Toierance 

Thirty six accessions of pea for reconfirmation and 90 new accessionswere evaluated for cold tolerance. The material was sawn in the autumnon Oct 1, 1992 with a post-sowing irrigation to ensure adequate moisturesupply for germination. Visual cold tolerance ratings on a 1-9 scale,where i = free from damage, 9 = killed, were assigned after the 
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susceptible check was killed. During the growing season, below zero 
temperatures were observed fer 48 days and minimn temperature during the 
season was -8.7 0 C on 17 Jan 1993. The higher rating of the two 
replications was considered as the actual cold tolerance rating of the 
lines. The susceptible check got a rating of 9 all through. All the 
thirty six lines (Acc. Nos. 77, -80, -85, -86, -87, -92, -111, -158, -
184, -186, -188, -190, -195, -197, -198, -199, -200, -203, -205, -206, -
207, -210, -211, -214, -243, -244, -338, -342, -343, -344, -346, -348, -
351, -352, -354 and -355) rated as cold tolerant during previous seasons 
maintained their tolerance reaction during 1992/93. Among the 90 new 
lines 3,8,3,7,22,11,28 and 8 accessions took the rating of 2,3,4,5,6,7,8
 
and 9 respectively. The fourteen new lines with a rating < 4 included 
Acc. Nos. -12, -17, -201, -202, -337, -339, -340, -341, -353, -465, -473,
 
-462, -467 and -470.
 

5.2. Yield Trials
 

5.2.1. Preliminary Yield Trial 

Sixty four entries selected from the genetic evaluation trials and fran 
the preliminary yield trial (PYT) of 1991/92 were evaluated for their 
performance in a 8x8 lattice design during the 1992/93 season at three 
locations, Tel Hadya, Jinderess and Terbol. Adjusted seed yield for the 
entries varied fron 950 to 2937 kg/ha at Tel Hadya; 492 to 2700 kg/ha at 
Jirderess; and 1364 to 3965 kg/ha at Terbol. Location means at Tel 
Hadya, Jinderess, and Terbol were 1889, 1424, and 2882 kg/ha, 
respectively. Based on the mean yield over locations the five best lines 
included Acc Nos. 452, -225, -447, -448, and -164, with seed yields of 
2974, 2892, 2865, 2676, and 2537 kg/ha respectively (Table 5.2.1). None 
of the top yielding lines was semi-leafless. 

5.2.2. Pea International Adaptation Trial (PIAT) 

Twenty three entries selected from PYT and PIAT conducted during the 
previous season were tested in this trial at Tel Hadya and Terbol during 
1992/93. All the test entries yielded better than the local check. The 
five highest yielding entries at Tel Hadya included Acc. Nos. 8 (Syrian 
Local Aleppo), -21 (Local Selection 1690), -149 (W', 102029), -173 (MG 
102703), and -172 (MG 102702); and at Terbol included Acc Nos. 21 (Local 
Selection 1690), -216 (Collegian), -77 (K-129), -182 (G 22763-2C) , and 
108 (MG 100446). On the basis of mean seed yield over lc;tio-s, Local 
Selection 1990 ranked first and was followed by Syrian Local Aleppo, 
MGI102029, Collegian, and MG 102703 with seed yields of 3179, 2938, 2737, 
2688, and 2653 kg/ha respectively (Table 5.2.2). The entry PS 510571 was 
the earliest to flower and mature. R.B. Malhotra and M.C. Saxena. 
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Table 5.2.1. 	 Adjusted seed yield (YID=kg/ha) and rank (R), and days to
flower (DFLR) of saoe entries in Preliminary Yield Trial 
at Tel Hadya, and Terbol during 1992/93. 

Ac. Origin Tel Hadya Jinderess Terbol Mean over locationsNo. 	 YID R YLD R YID 	 R YID R DFLR 

164 U.K. 2270 
 9 1941 7 3400 10 2537 
 5 133

223 Syria 
 1531 53 1614 22 1364 64 1503 58 127

224 U.K. 1236 116862 49 1794 63 1400 62 126
225 Syria 2937 1 
2028 4 3711 5 2892 2 132 
284 U.S.A. 
 2061 25 1186 47 3746 4 2331 11 113
 
296 China 2170 16 
 1299 42 3377 12 2282 15 133

372 India 
 2230 10 1818 10 3243 15 2430 7 125

375 India 2127 18 1737 15 
 2958 29 2274 16 123

380 India 1829 36 
 1876 9 3285 13 2330 12 122
388 New Zealand 2212 12 1654 19 3256 14 2374 132
10 

390 New Zealand 1902 1356
34 36 3526 8 2261 17 130

402 New Zealand 1959 33 1744 14 17 14
3213 2305 125

445 Ethiopia 
 1982 31 1343 39 3389 11 2238 19 117

446 Ethiopia 2372 5 1710 16 2892 32 2325 13 129
447 Ethiopia 2453 4 2177 2 3965 1 2865 3 130
448 Ethiopia 
 2371 6 1900 8 3758 3 2676 4 132
452 China 2535 3 2700 1 3688 6 2974 1 133
479 USSR 2028 29 1628 21 3560 7 2405 9 123483 USSR 2292 8 1748 13 3236 16 2426 8 122485 USSR 2207 13 2011 6 2474 49 2231 20 131
486 USSR 2055 26 1471 27 3204 18 2243 18 124

487 USSR 2034 28 1647 20 3914 2 2532 6 127
490 USSR 1691 46 1661 18 2758 39 2037 34 138 

Location Mean 1889 
 1424 2832
 
S.E. of Mean 201.03 195.30 235.92
 
L.S.D. at 5% 
 571.12 554.86 670.24
 
C.V.% 15.05 19.39 11.78
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TOb 5.2.2. Mean seed yield (YID=kg/ha) and rank (R), days to flowering (DFIR), 

and days to nturity 	(DMAT), plant heicjt (FEIU), and harest index 

(HI) of entries at Terbol, Jiners and Tel Hadya in PIAT-93. 

Entry Nam 	 Aix. Crigin TOl-Hada Terbol Mean over locatiors 
No. YID R YID R YID R DFIR ET 

Syrian Local Aleppo 8 Syria 2924 1 2952 6 2938 2 139 177 

Loal Sel 1690 21 Syria 2850 2 3508 1 3179 1 139 177 

K  129 77 Greece 2147 10 3143 3 2645 7 138 178 
MG 100446 108 Greece 1921 18 2952 5 2437 11 129 176 

M[4100729 119 Gr 1776 21 2468 15 2122 19 128 175 

W, 101197 125 Egypt 2143 11 2421 17 2282 14 135 180 

M3 101831 141 Ethiopia 2172 8 2444 16 2308 13 136 178 

M 102029 149 Ntkvrlands 2585 3 2889 8 2737 3 132 175 

Wt;102256 152 Gexny 1861 20 2675 14 2268 15 130 175 

MG 102369 154 Polard 2214 7 2294 19 2254 16 128 176 

MG 102469 160 U.K. 2027 16 2810 11 2418 12 134 179 

M3 102702 172 India 2426 5 2841 9 2636 8 131 176 

MG 102703 173 Irdia 2472 4 2833 10 2653 5 134 178 

13 104325 178 Afghanistan 2380 6 2921 7 2650 6 130 173 

G 22763-2C 182 Ethiopia 2090 15 3111 4 2601 9 136 177 
OD1Legian 216 Australia 2129 13 3246 2 2688 4 129 175 

Derrimut 217 Australia 1946 17 2413 18 2179 17 127 173 

Early Dun 222 Australia 2112 14 2810 12 2461 10 134 175 

LE 25 252 Irdia 1345 23 2730 13 2038 20 129 173 

PS 210713 267 U.S.A. 2165 9 1754 23 1959 22 129 171 

PS 210688 278 U.S.A. 2133 12 2214 20 2174 18 124 172 

Uiatilla 281 U.S.A. 18A9 19 2087 22 1988 21 126 173 

PS 510571 291 U.S.A. 1720 22 2111 21 1915 23 120 169 

Iocal Check 223 - 1141 24 1238 24 1189 24 136 179 

Locatin Mean 	 2107 2619
 

S.E. of Mean 	 294.75 263.10
 

L.S.D. at .05 	 839.02 748.92
 
C.V. % 	 24.23 17.40
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6. Ci C{EN= eCO11RM 

Integrated control of Orobanche crenata Forsk. was studied during the1992/93 season. The rainfall in this season amounted to 286.1 nmmandtherefore was less than the average of the last 13 years (325 nm). Inaddition the rainfall pattern was irregular. First substantial rainoccurred at the 	end of November and thus, the sowing date 	scheduled formid-November had to be postponed 	 for two weeks. There awas dry periodwith 1.7 rmn rain only, lasting over 40 days from mid-March until the endof April. Under these climatic conditions the plant qrowth and thusOrofnche infestation would have been reduced. Since normal developmentof both the host plants and parasite are basic precondition for propercomparison of the treatments to be tested in these trials, on April 15the faba nean field was irrigated (45 mm). Temperatures huring thisperiod, however, were normal. No severe frost spells occurred during
winter. 

Field trials for faba bean and lentil were conducted to investigatethe effect of a combination of sowing date, genotypes and herbicide onthe Orobanche infestation. Trials were designed as split-split-plot withsa.4ig date as mainplot, genotype as andsubplot, herbicide as subsubplot (Table 6.1.1). 

Table 6.1.1. Sumary of experimental factors studied in the integrated
control trial dLring 1992/93 at Tel Hadya. 

Crop Factor Level -	 Description __ _ 

Faba bean Sowing date Nov. 30 
Dec. 30
Genotype Giza 402 	 Orobanche tolerant 
ILB 1814 Orobanche susceptible


Herbicide 	 Imazethapyr 220g a. i/ha post-emergence
Imazaquin 220g a. i/ha post-emergence
Glyphosate 264g a.i/ha post-emergence 
Control
 

lentil Sowing date 23Nov. 
Jan. 5


Genotype 	 ILL 5883 Orobanche tolerant 
ILL 8 Adapted to delayed sowing
ILL 4400 Orobanclhe susceptible

Herbicide Imazethapyr 140g a. i/ha pre-emergence
Imazaquin 17.5gl a. i/ha post-emergence
Imazaquin 25.5q a.i/ha post-emergence 

Pre-emnergence = 	application of herbicide 2-3 days after planting.Post-emergence = application of herbicide at tubercle and bud stage of
Orobanche development. 
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Plots were 3m wide and 5m long. The row spacing for faba bean was 
45cm, resulting in 20 plants per md, and for lentil 25cm, that is 250 
plants/mrn. 

6.1. Faba Bean
 

Since the three-factor interaction (sowing date x genotype x herbicide)
 
was not significant only the significant two-factor interactions (sowing 
date x herbicide and genotype x herbicide) are presented.
 

6.1.1. Sowing Date and Herbicide Interaction 

With the delayed sowing date, both crop seed yield and straw yield were 
significantly higher in the untreated check plots. Ccnared with the 
check plots the Imazethapyr and Imazaquin application at the first sowing 
date (Nov. 30) increased the faba bean seed yield by 22% and 37%, 
respectively. The highest crop seed yield was achieved by Imazaquin 
applied at first sowing date. However, as far as the second sowing date 
(Dec. 30) is concerned the above-mentioned herbicides did not have any 
significant positive effect on faba bean seed yield. The effect of 
Glyphosate application on seed yield at first sowing date was the same 
as with Imazethapyr, but with delayed sowing a significant reduction of 
both seed and straw yield was observed (Figure 6.1.1). 

-400 7 . . U .- ... ...... 

2 000 

II
 
1 200 

4100 

0 

Nov. JO0 Dec 30 Nov. 30 Dec 30 

Figure 6.1.1. Intrated Orobanche control in faba bean by ombination 
of sowing date (Nov. 30, Dec. 30) ad herbicide 
(Hl=Imazethapyr, r{2=Inzaquin; H3=Glyphosate, HO-Control) . 
Means are average of A replications and 2 genotypes; 
*-significant at 5% level; I=LSD at 5% level when 
ccinparirq means of the same sowing date. 
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This reduction was presumably due to high phytotoxicity of 
Glyphosate on faba bean (Table 6.1.2). 

Table 6.1.2. Pnytotoxicity of herbicides on faba bean plants. 

Herbicide Phytotoxicity (1-9)a 

Imazethapyr (220g a.i/ha) 1.0 
Imazaquin (220g a.i/ha) 1.5 
Glyphosate (264g :a.i/ha) 3.5 

Seed yleld(kg/ha) Strew yield(kg/ha) 

2,400 -H0 CHI H2 [CH3 2400 j Ho CHI OP,2 H3 

2000-
2 00, 1 

11800 61.00 

1 200 
1 200 

800 
800 

400 -400 

0 
0 --


Giza 402 ILB 1814 
 Giza 402 ILB 1814 

Figure 6.1.2. Integrated Oznbanche control in faba bean by combination 
of herbicide (Hl=Imazethapyr; H2=Imazaquin; H3=Glyphosate;
HO-Control) and genotype (Giza 402=Orobanche tolerant; 11B
1814 Orobanche susceptible). Means are average of 4
replications and 2 sowing dates *=significant at 5% level;
I=LSD at 5% level when comparing means of the same genotype. 
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6.1.2. Genotype and Herbicide Interaction 

In the check plots, the seed yield of Giza 402 (1906 kg/ha) was 
significantly higher than the ILB 1814 one (1457 kg/ha). It is therefore 
confirned that Giza 402 is a Orobanche tolerant genotype. Compared with 
the check plots the herbicide treatments on Giza 402 did neither increase 
the seed nor the straw yield, on the contrary, Imazethapyr and Glyphosate 
resulted in a reduction of both seed and straw yield. The results show 
that the faba bean genotype Giza 402 is highly susceptible to herbicide 
applications. But using herbicides could lead to nn increase in seed and 
straw yield of the Orobanche susceptible genotype ILB 1814. The highest 
seed yield (2171 kg/ha) was achieved with a combination of I1B 1814 and 
Imazaquin (Figure 6.1.2).
 

No Oobmnoh./m 	 Oonhek/) 

20
M~~~o 0-. 0-0 10 

80 
15

60 

10

40 

20

01 
0 

OIza 402 ILB 1814 Oiz. 402 ILB 1814 

Figure 6.1.3. 	 Effect of herbicides (HI=Imazethapyr; H2=Inazaquin; 
H3=Glyposate; HO-Control) on number and dry weight of 
Ordhandh on two faba bean genotypes (G402= Orobanche 
tolerant; ILB 1814= Orobanche susceptible). Means are 
average of 4 replications and 2 sawing dates; 
*=significant at 5% level. 
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The effect of herbicides on number and dry weight of Orobanche onGiza 402 and ILB 1814 is shown in Figure 6.1.3. In the check plots boththe number and dry weight of emerged Qrchanche shoots on ILB 1814 weresignificantly higher than those on Giza 402. In the treatments withImazethapyr and Imazaquin no energed Orobanche shoots were observed.
Glyphosate application reduced significantly the number as well as the 
dry weight of Orobanche only on ILB 1814 genotype. 

6.2. Lentil 

Due to a long dry period in the 1992/93 growing season from mid-March
until the end of April the lentil seed yield was in general low. Theplants suffered from lack of water, especially at flowering stage and noOrobanche shoots were observed. In the check plots ILL 5883 and ILL 8reached significantly higher seed yields than the Orobanche susceptible
genotype ILL 4400, and the highest seed yield was achieved by ILL 8(adapted to delayed sowing) planted at the second sowing date (Jan. 5).
Delayed sowing did not ii.ease the seed yield of the other two 
genotypes, significantly.
 

Table 6.1.3. Effect of orbinaticn of swirj date, genobpe and herbicide,, 
an the seed yield (kg/ha) of lentil, Tel Hadya, 1992/93. 

Herbicide 
 Sowingdate 

treatments 
 Nov. 23 
 Jan. 5
 

ILL 5883 ILL 8 ILL 4400 ILL 5883 IIL 8 IL1,4400 

Imazethapyr (40g a.i/ha) 892 905 761 938 601 438
Imazaquin (17.5g a.i/ha) 1018 937 644 867 1013 678Inazaquin (27.5g a/i/ha) 961 736 533 921 961 591
Ontrol 861 724 522 
 800 930 636

LSD (P=O.05) 170
 

CQmbinaticn of ILL 5883 and Imazaquin (17.5g a.i/ha) resulted in thehighest seed yield (1018 kg/ha) at the first sawing date (Nov. 23). The sameseed yield was achieved by an aplicatin of this herbicide to ILL 8 planted atthe secrd sowing date. However, ha-e differene bet the yield cbtaured withthis treatment and the yield of ILL 8 ertype without herbicide application wasnot significant. Under this season's climatic crditicns no gain was achievedby herbicide applicaticn (Table 6.1.3). A.M. Munhadi and M.C. S~mm. 
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7. IN1T2UTICINAL TESTIM PROGRA 

The International Testing Program on lentil, kabuli chickpea, dry pea, 
lathyrus, and vetches is a vehicle for the dissemination of genetic 
materials and improved production practices, in the form of international 
nurseries and trials, to national programs in and outside the WANA 
region. The genetic materials comprise early segregating populations in 
F3 and F4 generations, and elite lines with wide or specific adaptation, 
special morphological or quality traits, and resistance to common biotic 
and abiotic stresses. Nurseries are only sent on request and often 
include gersplasm specifically developed for a particular region or a 
national program. The testing program helps in identification of 
genotypes with specific and wide adaptation. The performance data permit 
assessment of genotype x environment interaction and help in targeting 
breeding efforts for specific agroecological conditions. 

In the current year the two international trials on forage legumes, 
Lathyrus Adaptation Trial and Vetch Adaptation Trial, were further 
diversified and new trials on various vetch species (V. sativa, V. 
ervilia, V. narbonensis, V. villosa ssp. dasycarpa) and lathyrus species 
(L. sativus, L. ochrus, and L, cicera) were developed for the 1993/94 
season. We supplied 1176 sets of 37 different types of trials and 
nurseries (Table 7. 1. 1) to cooperating scientists in 53 countries for the 
1993/1994 season. Several cooperators requested large quantities of seed 
of elite lines, identified by them fron the earlier international 
nurseries/trials for multilocation yield testing and on-farm
 
verification.
 

The salient features of the 1991/92 international nursery results, 
received fran cooperators until 15 October 1993, are presented here. The 
stability analyses of same of the trials were done using Eberhart and 
Russell (1966) model.
 

7.1. Lentil 

For Lentil International Yield Trial-Large Seed (LIYT-L) data fra 23 
locations were analyzed for seed yield. At Al Ghassim in Saudi Arabia; 
Sonora in Mexico, Toshevo in Bulgaria; El Kef and Raja in Tunisia; Tiaret 
in Algeria; a4azvin in Iran; Izra'a, Gelline, and Breda in Syria; and 
Christchurch in New Zealand, 10, 7, 3, 1, 11, 1, 5, 1, 5, 13 and 1 cf the 
test entries exceeded the respective local check in seed yield by a 
significant margin (P=0.05). On the basis of mean across locations the 
five heaviest yielding lines were FLIP 87-16L, FLIP 87-17L, FLIP 88-6L, 
FLIP 88-7L, and 78S 26002.
 

Stability analysis for seed yield of LIYT-L entries based over 19 
locations revealed that linear and non-linear portion of entry x 
environment (GxE) interaction were significant (Table 7.1.2). The 
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Table 7.1.1. Legume international nurseries supplied for the 1993/94 
season.
 

International Trial/Nursery No. of sets 

Lentil 
Yield Trial, Early (LIT-E-94) 40
Screening Nursery, Lange-Seed (LISN-L-94)
Screening ftrsery, Small-Seed (LISN-S-94) 

69 
47Screening Nursez--, Early (LISN-E-94)


F5 Nursery, Large Seed (LIF3N-L-94) 
38
 
25

F5 Nursery, Small Seed (LIFN-.S-94)
F5 Nursery, Early (LIF N-E-94) 

11 

F5 Nursery, Cold Tolerance (LIFN-CT-94) 
5 

Cold Tolerance Nursery (LICIN-94) 
16 

Ascochyta Blight Nursery (LIABN-94) 
25 

Fusarium Wilt Nursery (LIFWN-94) 
15 
35Rust Nursery (LIRN-94) 15 

Chickpea
Yield Trial Spring (CIYT-Sp-94)
Yield Trial Winter, Mediterranean Region (CIYr-W-4R-94) 

47 

Yield Trial Southerly Latitudes-i (CIYT-SLI-94) 
61 
20

Yield Trial Southerly Latitudes-2 (CIYTrSL2-94) 20Yield Trial Latin American (CIYT-LA-94)
Screenirg Nursery Winter (CISN-W-94) 

21 

Screening Nursery Spring (CISN-Sp-94) 
50 
33Screening Nursery, Southerly Latitudes-i (CISN-SLI-94) 15Screening Nursery, Southerly Latitudes-2 (CISN-SL2-94) 15Screening Nursery, Latin American (CISN-IA-94)

F4 Nursery, Mediterranean Region (CIF4N-MR-94) 
15 
23

F4 Nursery, Southerly Latitudes (LIF4N-SL-94) 13Ascochyta Blight Nursery: Kabuli (CIABN-A-94)
Ascochyta Blight Nursery: Kabuli 

26 
& Desi (CIABN-B-94) 24


Fusarium Wilt Nursery (CIFWN-94) 
 36
Leaf-Miner Nursery (CII/N-94) 

Cold Tolerance Nursery (CICIN-94) 

12
 
31 

Forage U*, -u
 
Lathyrus Adaptation Trial (IIAT)
 
- Lathyrus sativus (ILAT-.LS-94) 
 55 - Lathyrus cicera (IIAT-LC-94) 38 - Lathyrus ochrus (IIAT-LO-94) 33 
Vetches Adaptation Trial (IVAT)
 
- Vicia sativa (IVAT-VS-94) 
 50 
- Vicia narbonensis (IVAT-VN-94) 41 
- Vicia ervilia (IVAT-VE-94) 43
 
- Vicia villosa ssp dasycarpa (IVAT-VD-94) 
 40 

Pam 
Adaptation Trial (PIAT-94) 73TOM1L 1176 



233
 

perusal of stability parameters revealed that out of 23 entries only one 
namely FLIP 87-16L with above average mean yield, regression coefficient 
(b) greater than 1, and non-siqnificant deviations from regression, 
exhibited specific adaptation to the high yielding environments. 

Table 7.1.2. 	 ANOVA for stability for seed yield for the entries in 
LIYM-L, LIYT-S, and LIYT-E conducted during 1991/92. 

Source of variation LIYT-L LI\YTS LIYI-E 
df MS(xIO) 3 df MS(x03 df MS(xlO)' 

Entry 	 22 334.528** 22 250.781** 22 217.737ns
 
Entry x Location 
(Linear) 22 100.951** 22 259.582** 22 162.837ns
 

Pooled deviation 391 43.272** 276 73.015** 69 133.686**
 
Pooled error 836 15.817 616 35.033 220 36.134
 

* Significance at P < 0.05, ** Significance at P < 0.01. 

The results of Lentil Inteniational Yield Trial-Small Seed (LIYT-S) 
from 19 locations revealed that at 9 locations namely, El Kef in Tunisia; 
Jema'a Shain in Morocco; Beni-Slimare and Tiaret in Algeria; Gelline, 
Heimo, Breda and Tel Hadya in Syria; and Christchurch in New Zealand, 4, 
15, 1, 6, 3, 8, 1, 8, and 1 of the test entries exceeded the local check 
in seed yield by a significant margin. The five heaviest yielders across 
locations included FLIP 90-43L, FLIP 87-55L, FLI 89-25L, FLIP 90-40L, 
and FLIP 90-36L. Stability analysis for seed yield for the entries in 
LIYr-S (Table 7.1.2) based over 14 locations revealed that both linear 
and non-linear components of GxE interaction were important. Five 
entries, FLIP 90-36L, FLIP 90-41L, FLIP 89-16L, FLIP 90-43L, and FLIP 90
22L having above-average yield performance, regression coefficient (b) 
equal to 1, and nonsignificant deviations fran regression, had general 
adaptation. A line FLIP 89-15L having above average mean yield, 
nonsignificant deviations fran regression and b>l.0 was adapted to high 
yielding environments. 

The results of Lentil International Yield Trial-Early (LIYT-E) 
received fran 8 locations revealed that at 2 locations, Sherdi in Sudan 
and Jema'a Shain in voroc , 6 and 4 of the test entries exceeded the 
respective local check in seed yield by a significant (P < 0.05) margin. 
The five heaviest yielders in this trial included FLIP 86-39L, FLIP 89
61L, FLIP 89-53L, L1282 and FLIP 88-34L. Stability analysis for seed 
yield based over five locations revealed that only deviations from 
regression (nonlinear) were significant (Table 7.1.2). Seven entries 
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namely, LL, FLIP 89-61L, FLIP 89-60L, FLIP 89-53L, FLIP 85-35L, Pant L406and FLIP 89-52L having above-average yield, nonsignificant deviationsfran regression, and regression coefficient equal to 1, exhibited general
adaptation. 

For Lentil International Screening Nursery Large- (LISN-L), Small(LISN-S), Tall (LISN-T) and Early (LISN-E), the data for seed yield werereported fron 	19, 12, 26 and 14 locations, respectively. T1he analysesof data revealed that at 3 locations in LISN-L (El Kef and Beja inTunisia; and Erzurum-2 in Turkey), 6 locations LISN-Sin (Sonora inMexico, El Kef in Tunisia, Karmanshah in Iran; Gelline, Tel Hadya andHeimo in Syria), 10 locations in LISN-T (Toshevo in Bulgaria; Beja andEl Kef in Tunisia; Erzurum-2 in Turkey; Tiaret 	in Algeria; Karmanshah andNishabour in Iran; Gelline, 
in 	

Tdleb and Izra'a in Syria), and 4 locations
LISN-E (Al Chassin in Saudi Arabia; inGhazvin Iran; Gelline in Syria;

and Faisalabad in Pakistan) same of the test exceededentries
respective local check by a significant margin 	

the 
(P< 0.05). The fiveheaviest yielding lines across locations in these nurseries are given in 

Table 7.1.3.
 

Table 7.1.3. 	 The five heaviest yielding lines across locations in 
different lentil screening nurseries, 1991/92. 

Rank LISN-L LISN-S LISN-T LISN-E 

1 FLIP 92-11L FLIP 89-32L FLIP 87-45L FLIP 92-42L
2 FLIP 92-12L FLIP 91-14L FLIP 89-31L FLIP 92-41L3 FLIP 92-14L FLIP 90-27L FLIP 86-35L FLIP 92-52L
4 PLIP 92- 7L FLIP 89-29L FLIP 89-30L FLIP 92-45L
5 FLIP 90-13L FLIP 91-18L FLIP 84-59L 74IA441 X PantL 639 

The results of Lentil International F-Nursery Large (LIF3N-L), Fj-Nursery Small (LIF1 -S), F-Nursery Early (LIF N-E), and F-Nursery ColdTolerance (LIF1N-Cr), were received from 4, 3, 1, and 2 locations,
respectively. 	 At all the locations scme individual plant selections were 
made by the cooerators. 

The results of Lentil International Cold Tolerance Nursery werereceived fran 5 locations. None of the lines at Haymana in Turkey showedtolerant reaction (rating <4), five lines namely ILL 52, ILL 323, ILL759, ILL 780 and L21 were tolerant at Toshevo in Bulgaria (rating < 3).Three of these entries namely ILL 52, ILL 759 and L 21 also exhibitedcomparatively 	 less killing (< 15%) at Zanjan and Gazvin in Iran and the
two entries ILL 52 aid ILL 759 at Marageh in Iran. 
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The results of Lentil International Ascochyta Blight Nursery were 
received from Guelma in Algeria and Islamabad in Pakistan. There was no 
disease infestation at Guelma in Algeria whereas at Islamabad 9 entries 
namely ILL 358, ILL 2439, Lenka, 78S 26013, 78S 26038, FLIP 84-IlL, FLIP 
84-43L, FLIP 84-55L, and FLIP 85-33L showed resistant reaction (rating 
< 3). 

The results of Lentil International Fusarium Wilt Nursery were 
reported from 4 ]ocations but disease infestation was reported only at 
Sonora in Mexico. Four entries namely ILL 813, ILL 1712, ILL 6461 and 
local check were rated as tolerant (with rating < 3). 

7.2. Chickpea
 

The Chickpea International Yield Trial-Spring (CIYT-SP) was reported from 
25 locations in 10 countries. A number of test entries exceeded the 
respective local check by a significant margin (P=0.05) at six locations, 
namely Cordoba in Spain, Al Ghassim in Saudi Arabia, Tel Hadya in Syria, 
Quinghai in China, Khroub in Algeria and Marageh in Iran. The five best 
entries across the locations were ILC 482, FLIP 89-127C, FLIP 88-68C, 
FLIT 88-70C, and FLIP 88-8C. The stability analysis (Table 7.2.1) 
revea led that only entry x location (non-linear) component was 
significant. The entries ILC 482, FLIP 89-127C, FLIP 88-68C, FLIP 89-24C 
and FLIP 89-118C with above average seed yield, regression equal to 1.0, 
and deviations approaching to zero had average stability. 

For Chickpea International Yield Trial-Winter-Mediterranean Region 
(CIYT-W-MR) data were reported from 35 locations in 13 countries. At 12 
locations namely Toejil and Badajoz in Spain; El-Safsaf in Libya; 
Juderess, Heimo, Hlama, Gelline and Tel Hadya in Syria; Marchouch in 
Tunisia; Altinova and Amasya in Turkey; and Terbol in Lebanon som of the 
entries exceeded the respective local check by a significant margin 
(P-0.05). The five best entries across locations included FIJP 88-85C, 
FLIP 89-63C, FLIP 89-29C, FLIP 84-15C and FLIP 85-42C. The ANOVA for 
stability for seed yield indicated that mean squares due to pooled 
deviations were significant and those for entry x location (linear) were 
not significant (Table 7.2.1). The entries FLIP 89-29C, FLIP 89-38C, 
FLIP 85-93C, FLIP 89-44C, FLIP 88-82C and ILC 482 had regression 
coefficient equal to 1, deviations approaching to zero and seed yield 
more than the general mean, and were thus widely adaptable. 

The results of Chickpea International Yield Trial Southerly 
ti'titudes-1 (CIYF-SLM) was reported from 10 locations in 8 countries. 
The location means for seed yield at Rumais in Oman (39 kg/ha) and 
Hudeiba in Sudan (256 kg/ha) were very low. At three locations ramely, 
Al Karaj in Saudi Arabia, Tel Hadya in Syria, and Jimah in O nan sae of 
the test entries exceeded the local check by a significant margin. The 
five best entries across locations included, FLIP 87-60C, FLIP 88-79C, 



Table 7.2-1. ANOVA for stability parameters for seed yield for the entries in CIYT-SP, and CflTMRconducted durin-g 1991/92. 

Source of variation 
 CiYr-sp CIYT-MR ____-SLI

ddfMS(xl) CIYT-SL2

f MS(xlO)' df MS(xlO)3 
df MS(xlO) 3 

Entry x22 
 18.699ns 
 22 299.347** 
 22 295.331** 
 22 225.563* 
 m
 
(Linear) 22 60.024ns 
 22 iii.296ns 6Pooled deviation 22 4.710ns 22322 79.215** 105.006ns
275 88.499**
Pooled error 69 88.639** 69
704 38.982 112.254**
1188 
 50.558 
 220 33.976 
 25.442
* Significant 

220 
at P = 0.05, ns = non-significant. 
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FLIP 89-110C, FLIP 89-86C and FLIP 87-42C. The ANOVA for stability for 
seed yield revealed the significance of non-linear portion and non
significance of linear portion (Table 7.2.1). A few entries namely, ILC 
482, FLIP 89-130C, FLIP 87-45C, FLIP 88-34C and FLIP 87-89C with 
regression coefficient equal to unity, deviations approachirq zeru, and 
seed yield above the overall location mean, were stable across 
environments. 

The results for Chickpea International Yield Trial Southerly 
Latitudes-2 (CIYT-SL2) were reported from 7 locations in six countries. 
At five locatios, Shendi in Sudan, Rhue Ruer in Thailand , Breda and Tel 
Hadya in Syria and Bandarawela in Sri Lanka sae of the test entries 
were significantly superior to the local check in seed yield. The five 
heaviest yielding entries across locations included FLIP 88-56C, FLIP 88
39C, 1LIP 88-66C, FLIP 89-82C and FLIP 88-30C. The ANOVA for stability 
revealed the significance of non-linear portion of variance (Table 
7.2.1). The adaptable lines across environments included FLIP 88-56C, 
FLIP 88-39C, FLIP 89-120C, FLIP 88-48C, FLIP 89-117C, FLIP 88-46C and 
FIP 88-61C.
 

The results for Chickpea International Yield Trial Latin American 
(CIYT-LA) were reported from 4 locations in 3 countries. The ANOVA for 
seed yield revealed that at Badajoz and Cordoba in Spain, Sonora in 
Mxico, and Tel Hadya in Syria, 2, 23, 6, and 17 test entries, 
respectively, exceeded the local check in seed yield by a significant 
margin (P=0.05). The five heaviest yielders across locations included 
ILC 4184, FLIP 88-6C, FLIP 89-131C, ILC 3356, and ILC 99. 

The results of Chickpea International Screening Nurseries -Winter 
(CISN-W), -Spring (CISN-SP), -Southerly Latitudes-i (CISN-SLI), -
Southerly Latitudes-2 (CISN-SL2) and -Latin American (CISN-LA) were 
reported from 30, 22, 5, 4, and 3 locations, respectively. Some of the 
test entries exceeded the local check by significant margins at 11, 8, 
1, 2, and 0 locations, respectively. The five best entries across 
locations are given in Table 7.2.2. 

Table 7.2.2. 	 The five heaviest yielding lines across locations in 
different chickpea screening nurseries, 1990/91. 

Rank CISN-W CISN-SP ClSN-SLI CISN-SL2 CISN4A 

1 FLIP 90- 71C FLIP 90-170C FLIP 90- 64C FLIP 90-113C IW 3367 
2 FLIP 90- 97C FLIP 90- 36C FLIP 90- 65C FLIP 90- 81C IC 3377 
3 FLIP 90- 60C FLIP 90-173C FLIP 89- 67C FLIP 90- 13C IC 388 
4 FLIP 90-102C FLIP 90- 43C FLIP 90-144C ILC 2566 1W 3847 
5 FLIP 90- 12C FLIP 90- 90C FLIP 90- 63C FLIP 90-148C IIC 3930 
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Chickpea International F4 Nurseries for Mediterranean (CIF4N-MR) andfor Southerly Latitudes (CIFN-SL) were supplied to cooperators at 25 and12 locations respectively for making plant selections under their ownenvirozumental conditiom; and for developing their own breeding materials.Several national programs made good ofuse these nurseries by selecting
several individual plants and lines. 

The Chickpea International Ascochyta Blight Nursery (CIABN) resultsfor kabuli type were reported from 14 locations and for desi+kabuli typefrcm 6 locations. None of the entries (kabuli or desi) was tolerant toascochyta blight infestation across all locations. Considering thefrequency of occurrence of an entry among the tolerant group in kabulitypes (with rating _<4 on 1-9 scale), two entries, ILC 3279 and FLIP 8947C, showed tolerance at 10 out of 14 locations and appeared best,were followed by FLIP 83-48C, FLIP 83-71C, 
and 

FLIP 84-79C, FLIP 84-81C, FLIPP,-83C, FLIP 84-92C, FLIP 84-93C, FLIP R4-102C, FLIP 84-112C, FLIP 84182C, FLIP 85-86C, FLIP 85-99C FLIP 85-114C, FLIP 85-118C, FLIP 88-iC,FLIP 88-86C, FLIP 88-48C, FLIP 89-49C, FLIP 89-50C, FLIP 89-6C and FLIP90-112C which each occurred 6 times. Similarly, among desi lines90-112C, FLIP 87-505C, FLIP 87-506C, FLIP 87-507C, 
FLIP 

ICC 13269, ICC 13416,ICC 13497, ICC 13508, ICC 13555 and ICC 13728 were resistant at 3 out of4 locations. These entries thus exhibited broad-based resistance toascochyta blight. The differential reaction of lines at various placesfurther revealed the presence of variability in the pathogen. 

The results of Chickpea International Fusarium Wilt Nurserywere (CIFWN)received from 8 locations in 8 countries. Out of 30 test entries,13 entries at Oued Smar in Algeria, 15 entries at New Delhi in India, 26entries at Sonora in Mexico, 4 entries at Oroumieh in Iran, 3 at AlGhassim in Saudi Arabia, 30 at Tapioszele in Hungary, 9 at Izmir inTurkey, and at5 Hudeiba in Sudan took rating of 5 or less and weretolerant. Four lines namely FLIP 85-35C, FrJP 85-30C, FLIP 85-29C andILC 837 were tolerant at 5 out of 8 locations, and 9 other lines namelyILC 240, ILC 336, ILC 860, ILC 871, FLIP 82-78C, FLIP 84-97C, FLIP 8520C, Be Sel 81-103, and PTA (82)29 were tolerant at 4 out of 8 locations. 

The results of Chickpea International Leaf miner Nursery (CILMN)were reported from three locations, (Menemen Izmir,in Turkey, Terbol inLebanon and Tel Hadya in Syria). The susceptible check took a scorebetween 5 and 9 (on 1-9 scale, l=free, 9=highly susceptible). Out of 30test entries, nine entries, ILC 316, ILC 394, ILC 655, ILC 822, ILC 1048,ILC 1216, ILC 3800, andILC 5351 ILC 5901, were rated at < 5 at all thelocations and were better in tolerance to minerleaf than the others. 

For Chickpea International Cold Tolerance Nursery (CICIN) the coldtolerance score reportedwas from six locations. All the test entriesat Setif in Algeria, Hymana in Turkey, and Terbol in Lebanon showedmoderate to highly susceptible reaction. On the basis of other threelocations, Toshevo in Bulgaria, Breda and Tel Hadya in S-Lia, five 
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entries ILC 3468, ILC 5948, ILC 8262, ILC 482-205, and ILC 482 Mutant 
were cold tolerant at all the sites. 

7.3. Forage Legu=3s 

The lathyrus and vetch adaptation trials were supplied to cooperators for 
the second time in 1991/92. The International Lathyrus Adaptation Trial 
included 13 entries from L. sativus and 10 entries from L. cicera. The 
results for International Lathyrus Adaptation Trial (ILAT) were received 
from 12 locations. At six locations (Breda in Syria; Al Ghassim in Saudi 
Arabia; Dhamar in Yemen; and Beni-Slimane, Setif and Khroub in Algeria) 
some of the test entries exceeded the local check in seed yield by a 
significant margin. Five best entries across locations included L. 
sativus accessions (Acc no. 347 IS Local, Acc. No. 3 sel 311, Acc No. 170 
sel 439, Acc No. 206 sel 463, and Acc No. 277 sel 476) with seed yields 
of 1445, 1352, 1338, 1330 and 1328 kg/ha, respectively. 

The International Vetch Adaptation Trial (IVA') included 17 entries 
from Vicia sativa and 6 entries from Vicia narbonensis. The results for 
IF'AT wae' reported from 13 locations. The seed yields of Vicia 
narboncisisaccessions were more as compared to Vicia sativa accessions. 
The five highest yielding entries across the locations belonged to V. 
narbonensisand included Acc Nos. 565 sel VN 2380, Acc no. 574 sel -2388, 
Acc no. 577 sel -2391, Acc no. 568 sel -2383, and Acc no. 573 sel -2387 
with seed yields of 1933, 1796, 1753, 1738, and 1643 kg/ha respectively. 
Among V. sativa, the highest yielding entries included Acc Nos. 705 sel 
2556, Acc nD. 384 sel -2062, and Acc no. 716 with seed yields of 1185, 
1010, and 957 kg/ha, respectively.
 

7.4. Dry Pea 

The results of Pea International Adaptation Trial (PIAT) were reported 
from 12 locations. At eleven locations, namely, Tiaret in Algeria; 
Toshevo in Bulgaria; Terbol in Lebanon; Oeiras in Portugal; Jinderess and 
Tel Hadya in Syria; Beja and El Kef in Tunisia; Cambridge in U.K., 
Hudeiba in Sudan; and Diyarbakir in Turkey, some of the test entries 
exceeded the local check in seed yield by a significant (P=0.05) margin. 
The five heaviest yielding entries over all locations included, local 
selection 1690, Collegian, PS 210713, 1E 25, and Derrimut. The ANOVA for 
seed yield for stability parameters based over nine envirorxments showing 
CV < 30 revealed that six entries namely Collegian, MG 102702, ILP 56, 
M 102583, Wirrega, Derrimut, and MG 102623, with above average yield,
 
and deviation approaching zero, were relatively stable across 
environments. 



240
 

7. 5. Identification of Superior Genotypas by the Nms 

The national program scientists participating in the Legume International
Testing Program identified and reported the release of 8 varieties of
chickpea, 9 of lentil, 3 of faba bean and 3 of forage legumes during
1993. The characteristic features of these lines are given in Table
7.5.1. In addition, several lines were identified for multi-location
testing, on-farm trials or pre-release multiplication. Also a large
number of lines resistant to various stresses were identified and they 
are being used for direct or indirect eploitation. National ProgramScientists, R.S. Malhotra, A.A. El Moneim, W. Erskine, M.C. Saxena and 
K.B. Singh. 

7.6. Precision in Chickpea and Lentil International NUrsery Trials 

The coefficient of variation as percent of mean (CV %) and standard 
errors of mean expressed as percentage of trial means (SE) were examined
for 22 experiments in C-ickpea International Yield Trial - Winter -
Mediterranean - 1992 (CIFT-W-1R-92) and for 17 experiments in Lentil
International Yield Trial -Small Seed - 1992 (LIYT-S-92). The CV 
represents the variability in the experimental material while SE 
indicates the precision of the estimates of genotypic means. 

The CV % values in trial CIYT-W-MR-92 were below 15% in 36.35%
trials and > 30% (an often quoted value in literature) in 18.19% (Table
7.6.1). Estimates of mean had an error between 5-10% for 45.45% of the
trials, while 77.26% of the trials were with an error l.-ss than 15% of
the mean. This indicates that either replications may be increased in55% of the trials to achieve SE <10% or devise the means of
experimentation and analysis to obtain reduced CV%. 

Similarly in LIYT-S-92 CV% was < 15% for 52.94% of the trials and >
30% in 23.53% of the trials. SE was less than 10% in 58.82% of trials
and it was <15% in 76.47% trials. In order to achieve precision on
estimates with SE <10% there is a need to look into 53% of the trials for
controlling experimental error variability further. R.S. Malhotra and 
M. Singh.
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Table 7.5.1. Food and forage legme cultivars rqxrted in 1993 as released IV 
the national 	programs. 

Cuntry 	 Ciltivars Year of Specific features
 
released release
 

china 	 FLIP 81-71C 1993 High yield 
FLIP 81-40C 1993 High yield 

B ypt ILC 195 1993 Blight resistanc, high yield 
Leiarxn FLIP 85-5C 1993 Green seed ccAmpticn 
Libya II 484 1993 Blight resistance, high yield 
Sudan Jebel Mara 1 (IC 915) 1993 High yield, heat and wilt 

resistance, for jebel Mara and 
Northern Sxuan 

LSA Sanford 1993 Large seed, blight resistanc 
(Surutato x FLIP 85-58C) 
DA]ley 1993 Large seed, blight resistanc 
(airutato x FLIP 85-58C) 

Imtji 
Australia 	 Digger (FLIP 84-51L) 1993 High yield, red codyledb 

Qobber (FLIP 84-58L) 1993 H'gh yield, red cotyledcn 
Matilda (FLIP 84-154L) 1993 High yield, yellow cotyledon 

Bangladesh Sel. fran IL4353xIL35 
Bari Masir-2 (Falgu i) 1993 High yield, rust resistance 

Ethiopia NEL 2705 1993 High yield, rust resistance 
FLIP 84-7L 1993 High yield, rust resistance 

Libya El Safsaf 3 (78S26002) 1993 High yield, starding ability in 
E. Libya 

Sudan Ibatab (ILL 813) 1993 High yield, for Northern Sdan 

Jordan V. viUcsa ssp da a 
IFLVD 683 1993 Tolerance to Orobanche, 

suitable for grazing 
V. sativa IFLVS715 1993 	 Eret, rna-shattering, high L/S 

ratio 
L. 	ochrus IFIfLl01/185 1993 resistant to Ontbmhe, High 

yield 

Fakn been 
Sudan Shaukat 616 (00616) 1993 	 High yield, tolerance to biotic 

and abiotic stresses, for 
1hartomi state and n
traditi-al production areas 

Basaier (BB7) 1993 	 High yield, tolerance to biotic 
and abiotic stresses, for 
Northern aSdan and traditicnal 
producticn areas 

fRueiba 93 (aBukl/3) 1993 	 High yield, tolerance to biotic 
aid abiotic stresses, for 
Northern Sudan and traditicnal 
proci~tion areas 



Table 7.6.1. Precisicn of eaxermhta CV urd SE in Chickpea Interzatic1!j Yield Tr-W - Winter - Mditerr . (CYI-WMR-92) and Lentil InternatiAoal Yield Trial - Sall Seed (LIY-S--92). 

- 2 MLxT'-S-92E%)CV(%) SEP%) - -___%)_Class %of trials No. of trials %of trials No. of trials %of trials NO. of trials %of trials 1INo. of trials 

0-5 0 0 0.00 0 11.76 2 0.90 0 XJ5-10 45.45 10 4.54 1 47.0610-15 31.81 8 11. 76 2 t)7 31.82 7 17.6515-20 9.09 2 3 41.18 713.64 3 5.8820-25 9.09 1 17.652 22.73 35 5.8325-30 0 1 5.880 19.09 2 030-35 0 0 0 0 04.55 1 035 > 4.55 0 5.88 11 
 13.64 
 3 
 11.76 
 2 
 17.65 
 3
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8. 1. Nila Valley Regional Program 

The Nile Valley regional Program (NVRP), started in 1988/89, covers 
research, transfer of technology and human resources development to 
improve the production of cool season food legumes (faba bean, lentil and 
chickpea) in Egypt, Sudan and Ethiopia. The program in Ethiopia includes 
field pea as an additional cool-seascn food legume. The strategy 
followed in the NVRP involved a multidisciplinary, multi-institutional, 
and problem-oriented network making full use of the expertise, human 
resource and the infra-structure available in the participating 
countries. Emphasis is on back-up research to develop and transfer 
sustainable improved technology suitable to farmers in various agro
climatic regions. As a partner, ICARDA collaborates with the three 
countries in developing the annual workplans, providing germplasm, 
technical and management backstopping, training, and coordinating 
activities at the national and regional levels. Funding continued from 
the United Europe (UE) for Egypt, the Netherlands Government for the 
Sudan, and the Swedish Agency for Research Cooperation for Developing 
Countries (SAROC) for Ethiopia. 

8.1.1. Faba Bean
 

In Egypt, improved production packages, demonstrated on large fields in 
Minia, Beni Suif and Assuit, increased yield by 22 to 36%, with a 
marginal rate of return (MRR) of 68 to 258%. The advantages of using the 
rotavator in sowing were demonstrated to farmers in Minia and Fayoum with 
yield increases of 33 and 18%, respectively. Yield gains of 6.6 to 26.6% 
were achieved through integrated control of chocolate spot and rust 
diseases between 1990/91 and 1992/93 (Table 8.1.1). In Upper Egypt and 
Beheira, control of Orobanche by an integrated package of sowing date, 
resistant/tolerant cultivars, low rate of Glyphosate and foliar 
fertilizer increased yield by 54 to 88%. The new faba bean cultivars 
Giza 461 and Giza Blanca were officially released to farmers in the Delta 
and Nubaria, respectively. Two systematic surveys of legume viruses 
revealed faba bean necrotic yellows virus (FBNYV) as the most prevalent 
(49.3%) particularly in Middle Egypt followed by BYMV (24.3%) in Fayoum° 
It was apparent that FBYNV was the main reason behind the drastic drop 
(40%) in national faba bean production in 1991/92. 
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Table 8.1.1. 	 Percentage increase in faba bean yield as a result of 
integrated control of foliar diseases (chocolate spot and
rust) using resistant cultivars and a fungicide* in the 
North Delta in Egypt between 1990/91-1992/93.
 

Cultivar Seed Yield Increase 
over untreated fields (%) Mean 

1990/91** 1991/92 1992/93
 

Hiahlv resistant 
Giza 461' 	 11.7 6.6 7.5 8.6
 

Moderately resistant 
Giza Blanca' 	 26.6 7.4 8.7 14.2
Giza 3 
 22.0 11.7 11.7 15.1
 

Newly released cultivars with resistance/tolerance to diseases. 
* Dethane M45 sprayed once in February.
 
** Environmental conditions favourable 
for diseases. 

In Sudan, faba 	bean yield increases ranging between 27 to 115% were
obtained by farmers adopting improved production package with average MIR
of 588%. Three new faba bean cultivars were officially released in 1993:
Shambat 616, Basabeer and Hudeiba 93 (Table 8.1.2). Screening for 
resistance to aphids is underway using the introduced line "Pakistani" 
as a source of resistance. 

In Ethiopia, yield increases of 85 to 115% were realized due to the
adoption of improved package with an average MRR of 292%. Five improved
faba bean selections subitted 1993 for Varietalwere in 	 release
Ccmittee for 	high and mid altitude areas. Three lines with Botrytis
resistance and 	one with wilt/root rot resistance are in the last stages
of release. Yield responses to N and P fertilization in Adet region
indicated the need for inoculation with effective Rhizobium, starter N 
and P fertilization.
 

8.1.2. Chickpea 

In Ethiopia, average yield increases of 117% were realized due to the
adoption of improved production packages with MRR of 526%. The desi line
ICCL-84227 gave 10% more yield than the ircoved check; kabuli line ICC
12339 produced 8 and 49% more yield than the improved desi and kabili
checks, respectively. At Adet, 3 lines outyielded the local check and 
improved desi check (Mariye) by 37 to 42% and 16 to 19%, respectively.
Advancing planting date at Alem Tena from August to July increased yield
by more than 200%. The advantages of using broad-bed furrows (BBF) for 
growing chickpea in heavy vertisols were confirmed by 18-22% more seed 
yield compared to the ridge and furrow seedbed. 
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Table 8.1.2. 	 Food legume cultivars officially released to farmers in 
Sudan in 1993. 

Released cultivars Characteristics/Recommveded region 

Faba bean 
Shambat 616 (00616) - High ard stable yield, plant height 92 

108cm and resistant to lodging. For 
Khartoum State and non-traditional 
production areas. 

Basabeer (BB7) - High and stable yield, large seed, seed 
protein content 24.7%. For Northern Sudan, 
traditional production areas. 

Hudeiba 93 (Milk 1/3) - high and stable yield, large seed, seed 
protein content 25.5%. For No thern Sudan, 
traditional production areas. 

Lentil
 
Rubatab-i (ILL 813) - High and stable yield, erect growth habit, 

dark seed coat color, red cotyledon, 
maturity in 108 days, seed protein content 
28.5%. For Northern Sudan. 

Chickpea 
Jebel Mara 1 (ILC 915) - High and stable yield. For Jebel Mara and 

Northern Sudan. 

InEgypt, on-farm d~mnstra'ions gave yield increases between 24 to 
42% in traditional and 26 to 53% in non-traditional production areas as 
a result of improved production package. The promising lines Giza 531 
and Giza 195 outyielied farmers cultivars by 55 and 32%, respectively. 
Seeds of these two lines were released to farmers in Upper egypt. 
Nubaria and the North West Coast. Disease suiveys confirmed wilt/root 
rot diseases as the major disease problem in Egypt. The need of 
Rhizobiun inoculation of chickpea was shown in 4 out of 6 locations and 
yield increase across locations was 40% for Rhizobium inoculation with
 
starter-N (36 	 kg N/ha) (Table 8.1.3). 

In Sudan, farmers adopting improved chickpea production package got 
an increase in their yields by 35%, on average, with 120 to 213% MRR. 
The ICARDA introduction ILC915 was officially released to farmers in 
Sudan under the name Jebel Mara-l (Table 8.1.2). Twenty four chickpea 
lines were resistant to wilt/root rot diseases, -rd five of these lines 
confirmed their resistance after two cycles of screening in two seasons. 
The seed dresser Tecto-M increased seed yield by 23 to 33% under farmers 
conditi3ns because of improving seed emergence by 17 to 64% and 156%, 
respectively, in naturally and artificially flooded areas. 
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Table 8.1.3. 	 Seed yield for promising chickpea line 531 with and 
without Rhizobium inoculation versus high nitrogen dose at 
six locations in Egypt during 1993. 

Seed Yield (kQ/ha)*
Treatments Fayoum Assuit Bostan Alex. N.West Ismailia Mean 

Coast
 

Control 	 1544d 1858b 1977 
 660b 1394d 1667 1516d
 
Inoc. with 
Rhizobium 1867c 1977b 1847 750b 1798c 1929 1695c 
120kg N/ha
split twice 2072b 2290a 2068 1254a 2081b 1857 1937b 

36 kg N/ha+ 
Rhizobium 2371a 2340a 2008 1411a 2285a 2126a
2321 


Mean 1964 
 2121 1975 1019 1889 1843 1819
 
DMRT at 5% 93 196 N.S. 163 127 
 N.S. 161
 
C.V. (%) 3.0 5.8 9.6 10.0 4.2 15.0 8.1 

• 	 Values followed by the same letter are not significantly different 
from each other according to Duncan Multiple Range Test at 5% 
probability level.
 

8.1.3. Lentil 

In lentil, the most prominent achievement was the self-sufficiency
attained in Sudan in the 1992/93 season through increasing acreage and 
adopting improved production package. Government incentives contributed 
greatly to this achievement through credit support, guaranteed lentil 
prices, availability of threshing machines and decorticator. Yield 
increases ranged between 20 to 246% in demonstration plots as a result 
of package adoption with MRR of 588 to 1447%. Lines ILL 813 
(introduction 	 from ICARDA) was officially released to farmers (Table
8.1.2). In Rubatab, seed and straw yields were increased by 15 and 19%,
respectively, 	 on increasing seed rate to 107 kg/ha, and by 22 and 11% in
 
the same order as a result of ridge planting over broadcasting on flat
 
seed bed.
 

In Ethiopia, farmers adopting improved production packages got an
 
increase in 
 their yields by 63% with average MRR of 312%. The selections
 
NEL 2704 and FLIP 
84-78L (from ICARDA) are being released for the low 
lands and the high lands, respectively. Ten exotic lines, mostly from 
ICARDA, were selected for adaptation to high altitude areas because of 
their tolerance tc frost. Five early and high yielding lines were 
selected for drought tolerance at Alem Tena. 

In Egypt, 65 lentil demonstrations with improved package gave average
yield advantages of 19 to 29% in traditional areas and 33% in non
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traditional areas in Nubaria (Table 8.1.4). Preooz is being released to 
farmers in the Northern areas while Giza 370 is being released all over 
the country. Surveys indicated that downy mildew, rusts, grey mold, 
wilt/root rots and Sclerotiniarot were the important diseases on lentil 
in that order. NPK fertilization in the newly reclaimed areas showed a 
yield inc-ease of 133% indicating the need for effective Rhizobium 
inoculation, P and K fertilization.
 

8.1.4. Field Pea 

In rthiopia, demonstration of aphid control by Primiphos-methyl 50E)C 
r olted in 18 to 63% increase in yield in two locations with 2807% 
average MRR. Verification trials on three cultivars and improved 
management practices resulted in 12 to 60%increase in yield with average 
95% MRR. Yield levels as high as 6.87 t/ha were obtained in Sinana. 
National Program Scientists and M. Boh. 

Table 8.1.4. Average 
(PF) and 
demonst

seed and straw yields obtained by participating 
non-participacing (NPF) farmers in lentil 

rations in various governorates ir. Egypt, 1992/93. 

Governorate No. of 
sites 

Seed yield (t/ha) 
%Over 

PF NPF NPF 

Straw yield (t/ha) 
% Over 

PF NPF NPF 

Sharkia* 24 2.95 2.37 25 7.12 6.12 16 
Kafr El-Sheikh 10 2.16 1.69 28 5.42 4.34 25 
Dakahlia 20 2.05 1.72 19 6.24 4.63 35 
Assuit 5 2.61 2.02 29 4.99 4.93 1 
Nubaria 6 1.11 0.91 33 - - 

Total/Mean 65 2.17 1.74 27 5.94 5.01 19 

I Increase over traditional practices in: 
- Net Returns: 47%
 
- Benefit/Cost Ratio: 41%
 

8.2. North African Regional Program 

ICARDA continued its collaborative research on food legumes with the 
national programs of Algeria, Libya, Morocco and Tunisia during the 
1992/93 crop season. Collaborative research activities on feed legumes 
received greater attention this season. The Pogional Legume Scientist 
of ICARDA, based at Douyet Research Station of INRA-Morocco, Douyet (Near 
Fes), continued providing technical input into these collaborative 
activities. The emphasis continued on germnplasm enhancement for the 
major strss factors, agronomic aspects, and transfer of technology. 



248 

Whancing the national research capabilities and strengthening regional
networking activities were also emphasized. Some highlights of research
results for each country and the regional network activities are 
presented here. Details are available in the individual country reports
prepared by each national program. 

8.2.1. Algeria 

8.2.1.1. Trial sites and crop season 

In general, weather conditions during the 1992/93 crop season were less
favorable compared with the last crop season. rainfall wasThe lower
especially in the western part of the country. The crop season wascharacterized by a rainy autumn (October), a dry a--d cold winter, a
relatively dry spring with considerable number of frost days, and anearly siocco (hot winds) in May - June adversely affecting grain
filling. As 	 in tle past, legume trials were conducted at 	all the nieresearch stations of IGC in Algeria, viz., Saida, Tiaret, Sidi Bel Abbes
(SBA), Khemis Meliana (in western region), Oued Smar, Beni Slimane (in
central region), Setif, El-Khroub and Guelma (in region).eastern 
However, major research stations for legume work were: Sidi Bel Abbes,
Tiaret, El-Khroub and Guelma. 

8.2.1.2. Gernplasm enhancement 

Major emphasis on germplasm enhancement was on chickpea followed by
lentil, dry pea, vetch and grasspea (chickling). Number of nurseries and
yield trials conducted in different food legumes during the 1992/93 crop 
season are presented in Table 8.2.1. 

Table 8.2.1. 'umber of nurseries and yield trials conducted in
 
different food legumes in Algeria, 1992/93 crop 
season. 

crop 	 Crossing International National Total Percent
 
program nurseries/trials trials
 

Chickpea 1 19 21 41 46 
Lentil  18 20 38 
 43
 
Faba bean 
 - 3 3 6 7
Dry pea - 1 3 4 4
Total 1 	 41 47 89 100 

Chickpea: Chickpea selection work was carried out at all the nine
research stations of ITGC. The selection criteria were ascochyta blight
and wilt resistance and high grain yield. As a result of a crossing 
program carried out at El-Khroub, 44 F2 progenies were evaluated during 
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the 1992/93 crop season. Fran International Nurseries (CIF4N-W-93 ad 
CISN-SP-93 of ICARDA), 42 lines were selected at different research 
stations. Similarly, 47 lines were selected fran CIYT-W-MR-93 and CIYT
SP-93. These will be evaluated for yield parformance through PYT-94 at 
different stations during the 1993/94 crop season. Through PYIs 
conducted at different stations, a total of 105 chickpea lines were 
evaluated from ICARDA-supplied nurseries/yield trials. Of these, 22 
lines were selected at different locations for further yield testing 
during the 1993/94 season. 

In chickpea multilocation trials-I and -II year conducted at 
different locations, a total of 59 lines were evaluated during the 
1992/93 crop season. Of these, five lines were selected for the national 
yield trial-I year (NYT-I) for the 1993/94 season. Sixteen lines were 
yield-tested through NYT-I at all the nine stations. Most of them 
yielded better than the check. Outstanding lines in different zones are 
presented in Table 8.2.2. These selected lines will be yield-evaluated 
again through NYT-II during the 1993/94 crop season. Information on 
chickpea varieties reccmended in different areas by the nine research 
stations is presented in Table 8.2.3. 

Table 8.2.2. CMickpea lines selected from the national yield trial-I 
year grown at different stations in Algeria, 1992/93 crop 
season. 

Region Lines selected Yield range (kg/ha) 

All the zones over 79TH 101-2, FLIP 85-17C, 1630-1660 
9 stations FLIP 84-109C 
Coastal zone FLIP 85-17C, 2184-2298 

FLIP 84-109C 
Interior plains 79TH 101-2, 80TH 177, 1550-1590 

FLIP 85-94 
High plateaux FLIP 85-94 983-1108 

Lentil: Lentil selection work was carried out mainly at Sidi Bel Abbes, 
Tiaret, Saida, Setif, El-Khroub and Guelma stations. The selection 
criteria were tallness, erect plant type, rust resistance and high grain 
yield. The national program very heavily depended upon the lentil 
material supplied by ICARDA's legume program. 

Across stations, 13 lines were selected from International lentil 
nurseries, and 31 lines from international yield trials. In the PYT-L
93, 97 lines were tested across stations from which 20 lines were 
selected for further evaluation. In lentil multilocation trials-I and -
II year conducted at different stations, a total of 59 lines were 



250
 

evaluated. Of these, seven lentil lines were selected for further
evaluation in the lentil national yield trial-I year during the 1993/94
crop season. In the lentil national yield trial-I year, 10 lines were
yield-tested. Of these, 2 lines (FLIP 87-48L and -85-7L) in the coastal 
zone, one line (FLIP 84-145L) in the interior plains, and two lines (FLIP
87-30L and ILL 5671) in tie high plateaux outyielded the check. In LNYT
1I year, the local variet .- s perforned better than the introduced ones 
(Table 8.2.4). 

Dry pea: Selection for dry pea is done mainly at Sidi Bel Abbes station
fronri PIAT supplied by ICARDA. During the 1992/93 crop season, only the
nltilocation-II year trial was conducted at Tessala. Six lines, viz.
Le 25, SVS 1741, Century, Frisson, Frijaune and Local Sel 1690
significantly outyielded the check (SBA 184). Based on two-year results, 

Table 8.2.3. Status of varieties of chickpea, lentil, dLy pea and faba 

bean in different zones of Algeria, 1992/93 crop season. 

Station ,-ickpea Lentil Faba bean Dry pea
 

Bel Chetoui 1 Syrie 229 Sidi Aich 
 LE 25
Abbes (ILC 3279) ILL 4400 
 SV 51741 
Chetoui 2 Balkan 755 
F 84-92C NEL 468 

Saida Chetoui 1 NMEL468 - -

Balkan 755
 
Tiaret Chetoui 1 L.B. Redjas
 

F 84-92C 
 NFL 468 -
F 84-79C Balkan 755 

-

Metropole

K. Meliana Chetoui 1 Syrie 229 Talo -

F 84-92C NEL 468 Tanagra
Oued Smar Chetoui 1 8-9/128 

F 84-92C - 88Sel 18009 
F 84-79C 
 18035
 
F 84-15C 18054

Beni Slimane CQetoui 1 Syrie 229 -
Balkan 775 

Setif F 84-92C Setif 618 
Chetoui 1 NEL 45R 
ILC 72 L.B. Redjas -

F 87-48L 
F 88-8L

Guelma F 84-79C NEL 45R Seville 
F 85-17C Anicia Aquaduloe
F 85-54C P.B.Dahra New Manmoth 

El-10iroub Chetoui 1 
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Table 8.2.4. 	 Performance of lentil lines in the national yield trial-II 
year in different zones in Algeria, 1992/93 crop season. 

Zone Best lines Yield range
 
(kg/ha)
 

ALL the zones 	 NEL 45R, L.B. Redjas, 1050-1150
 
Kreta
 

Coastal 	 NEL 45R, Kreta, 1160-1420 

L.B. Redjas 

Interior plains 	 L.E. Redjas, NEL 45R 1000-1220
 

High plateaux 	 NEL 45R, Kreta, 910-1050 
L.B. Redjas
 

six lines, viz., Century, SVS 1741, Local Sel 1690, Syrian Local Se], 
AMAC, and AFH 332 will be included in the dry pea national yield trial-I 
year for the 1993/94 crop season. 

Feed legumes: The activity on feed legumes (vetch and qrasspea) is very 
limited and almost restricted to evaluation of IVAT ard ILAT from ICAPDA. 
In IVAT-93, two species of Vicia, V. sativa and V. narbonesi., were 
evaluated. Similarly, two species of grasspea (Lathyns), L. sativus and 
L. ciceri, were evaluated through IIAT-93. The evaluation was (lone at 
Guelma, El-Khroub, Khemis Meliana, SBA, Beni Slimane, Tiaret and Saida. 
However, trial s at the last four stations were lost due to drought. Both 
grain yield arni biological yield were considered as selection criteria. 

In V. sativa, 11 accessions at Guelma, four at El-Khrab, arnd three 
at SEA were selected. The dry matter yields ranged from 1.9 -3.3 t/ha 
at Guelma, 0.47-0.7 t/ha at El-Khroub and 0.78-1.0 t/ha at SPA, whereas 
the grain yields ranged from 2900-5500 kg/ha at Guelma, 1900-3500 kg/ha 
at El-Khroub, and 100-300 kg at SBA (low due to drought). 

In V. narbonensis, six accessions in IVAT-93 showed similar 
performance for dry matter and grain yield. In grasspea., two acessions 
of L. sativus and three of L. cicera were selected at Diel; 10 
accessions of L. sativus and three of L. cicera at EI-lqwroib; whereas 
three accessions of L. sativus at SEA. Based on their performance in 
subhlumid zone a" Guelma, V. narboxnensis performed best followed by L. 
sativus, L. cicera, ind V. sativa. In the dry and cold zone of El-
Khroub, L. sativus was the best performing species fo] lowed by L. cicera, 
V. narbonensis, and V. sativa. 
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8.2.1.3. Pathology
 

The major emphasis in pathology was on chickpea ascochyta blight andwilt. For ascochyta work, SBA station was used as the site for fieldscreening whereas laboratory screening was done at INA-El Harrach byProf. Dr. Bouznad and his group. Effective field screening for wilt wasdone at Guelma combined with laboratory screening at INA-El Harrach.Lines identified for good resistance to Ascochyta blight were FLIP 8283C, -84-93C, -84-102C, -84-109C, -88-82C, -88-87C, and 79TH 101-2.Lines with good resistance to wilt included Amdoun 1, UC 15, UC 27, FLIP85-17L, and -85-54C. dso, lines with conbined resistance to ascochytablight and wilt were identified which were FLIP 84-79C, -84-92C, and -85
17C. 

8.2.1.4. Agronmy 

The 1992/93 crop season experienced an improvement in the agronomy work,n food legumes in Algeria. The trials conducted were: date, density andruv spacing in chickpea and lentil, and integrated weed management inchickpea and lentil. In SBA, December sowing was found best for chickpeaFLIP 85-94C and 80TH 177 with plant density of 90 plants/m2 and 70plants/m2, respectively. In Saida, 15 January was observed as the bestsowing date lentil NELfor 468 with optimum density of 210 plants/m2.However, a plant density of 240 plants/m2 was found best at Guelma with 
30 cm row spacing. 

8.2.1.5. Technology transfer
 

Efforts on transfer of the improved technology on winter chickpea andlentil were intensified by all the nine stations of ITGC. However,special efforts on technology transfer were made by SBA, El-Khroub andGuelma stations. In SRA, El-Khroub and Guelma areas, on-farmdemonstrations of ILC 3279 (Chetoui 1) were carried out whichsuccensfully conveyed the message to farmers on the usefulness of winter
planting of chickpea over the traditional spring planting. 
 In Guelmaarea, FLIP 84-79C was also successfully demonstrated on farmers' fields.Similarly, lentil demonstrations in Pilot Farms served equally useful purpose in Guelma and Beni Slimane areas. 

8.2.1.6. Seed production 

During the 1992/93 crop season, seed production activity was alsointensified. As a result, fairly large quantities of seed of therecommended varieties of chickpea were produced, especially of Chetoui1. Some other chickpea varieties multiplied included FLIP 84-79C, -8492C, and -85-17C. In lentil, seed of L.B. Redjas, NEL 45R, NEL 468, andBalkan 755 was multiplied. However, seed production activity needsfurther intensification to benefit farmers by using these improvedvarieties. Algerian National Program Scientists and S.P.S. Beaiwal. 
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8.2.2. Libya 

8.2.2.1. Trial sites and crop season 

Different nurseries/trials in chickpea, lentil and dry pea were conducted 
-t four different locations in Libya. These included Tajoura and Zahra 
in the Western region, Misurata and Khoums in the Central region, El-
Safsaf and El-Marj in the Eastern region, and Seba in the Southern 
region. The Western region received low rainfall (140 mm) during the 
1992/93 crop season which adversely affected crop growth and 
productivity. Also, this encouraged wilt/root rot diseases in dry pea. 
In the Eastern region, a total of 482 m at El-Safsaf and 380 m at El-
Marj was received which was above the average annual rainfall of 350 mm 
for the region. 

8.2.2.2. Germplasm enhancemsnt
 

Chickpea: Four trials were conducted: chickpea international yield 
trial-winter-Mediterranean region-1993 (CIYT-W-MR-93), chickpea North 
Africa regional yield trial-93 (CNARYT-93), chickpea national yield 
trial-B-1993 (CNYT-B-93), and chickpea adaptation trial-1993 (CAT-93). 

In CIT-W-MR-93 at Seha, grain yields ranged from 1800 to 3680 
kg/ha. The highest yielder was FLIP 82-150C (3680 kg/ha) followed by 
FLIP 89-78C (3470 kg/ha), FLIP 89-44C (3400 kg/ha) and FLIP 90-4C (3300 
kg/ha) comared with 1940 kg/ha of the local check. At El-Safsaf, highly 
significant yield differences were obtained and all the test entries 
outyielded the check (ILC 484) which yielded only 480 kg/ha. Line FLIP 
88-82C was the highest yielder (1660 kg/ha). Six lines (FLIP 88-82C, 
88-85C, -89-78C, -82-150C, -90-96C and -86-6C) were selected for further 
testing during the next cropping season. 

The (QYT-B-93 with 17 entries (10 from CIYr-W-MR-92 and seven from 
CILRYT-92) was conducted at EI-Safsaf and Ei-Marj. No significant yield 
differences were obtained at El-Safsaf, and the check (ILC 484) yielded 
higher than all the test entries. At El-Marj, although three lines (FLIP 
89-38C, -88-82C and -85-5C) yielded higher than the check (ILC 484) grain 
yield levels were lower than that of El-Safsaf, mainly due to poor soils 
and lack of Rhizobium nodulation. In CAT-93 with four varieties 
conducted at Sebha, no significant yield differences were obtained among 
different varieties (yield range of 2500 to 3000 kg/ha). However, FLIP 
84-93C was the highest yielder (3000 kg/ha) followed by FLIP 84-79C (2840 
kg/ha), ILC 484 (2740 kg/ha), and local variety (2500 kg/ha). In lAR'YT
91 at El-Marj, yield levels were low and no significant yield differences 
were observed among different varieties. However, lines FLIP 85-94C, 
84-182C, 801 177, FLIP 84-92C, -84-164C and -84-79 yielded better than 
the check. 
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Lentil: Five trials/nurseries were conducted at El-Marj and El-Safsaf.These were lentil international yield trial-small seed-1993 (LIYr-S-93)and -large seed-1993 (LIYT-L-93), lentil North Africa regional yieldtrial-1993 (LNARYT-93), lentil national yield trial-B-1993 (I/fxT-B-93)and -C-1993 (LNYT-C-93). In LJYT-S-93 at El-Marj, no significant yielddifferences were observed. However, six lines (FLIP 90-36L, -89-37L,-9043L, -90-30L, 81S15 and FLIP 90-40L) the grain yield of the check variety(El-Safsaf 3). Of these, FLIP 90-36L was the highest yielder (1960kg/ha) compared with 1720 kg/ha of El-Safsaf 3. The trial at El-Safsaf was completely damaged by birds and thus no yield data could be recorded.In the LIYT-L-93 at El-Safsaf, significant yield differences among thetest lines were obtained. Eleven lines outyielded the check (Ei-Safsaf3) that yielded 1620 kg/ha. The best yielder was FLIP 90-13L (2930kg/ha). The other 10 lines yielding better than the check were FLIP 8427L, -86-6L, -87-17L, -88-7L, -88-12L, -88-14L, -89-5L, -90-1L, -90-1OL,
and -91-8L. 

In the INYT-B-93 with 10 varieties conducted at El-Safsaf and El-Marj, no significant yield differences were observed among varieties.However, the best yielder was FLIP 87-48L (2090 kg/ha) followed by thecheck, El-Safsaf 3 (1980 kg/ha). At El-Marj, significant yielddifferences among werevarieties observed. FLIP 89-37L was the bestyielder (1750 kg/ha) whereas the check (El--Safsaf) ranked fcurth (1500kg/ha). Five varieties (FLIP 87-48L, -87-55L, -89-26L, -87-26L and -8937L) were selected for further testing in the 1993/94 crop season. In]ffrT-C-93, which was conducted with five varieties at El-Marj and El-Safsaf, no yieldsignificant differences were observed at either
location. However, three themof (78S26013, 78S26052 and FLIP 87-49)outyielded the check (El-Safsaf 3) at both El-Safsaf and El-Marj, andwill be further tested in L4YT-D-94 during the 1993/94 crop season. 

Dry pea: qhreie trials were conducted: pea international adaptationtrial-1993 (PIAT-93), pea national yield trial -C-1993 (RTYT-C-93), andpea adaptation trial-1993 (PAT-93). PIAT-93 from ICARDA was raised at
Zahra and Setha stations. At Zahra, results showed 
 highly significantyield differences (range of 210 to 2550 kg/ha), and several entriessignificantly outyielded localthe check (570 kg/ha). These were M3102029 (2550 kg/ha), -101830 (2470 kg/ha), Syrian Local, Aleppo (2420kg/ha), Collegian (2310 kg/ha), MG 101197 (2300 kg/ha), Local Sel 1690(1990 kg/ha), G 22763-C(1900 kg/ha), iG 102703 (1850 kg/ha), Early Dun(1770 kg/ha) and MG 102702 (1710 kg/ha). At Sehha, no significant yielddifferences were observed among entries (yield range of 3610 tokg/ha). However, the highest yielder was M 102029 (6310 kg/ha) 
6310 

followedby local check Hirst 40 (6040 kg/ha), and Local Sel. 1690 (5970 kg/ha). 

In PAT-93 with five entries conducted at Sebha, local check (Hirst40) significantly outyielded all the four test varieties viz., Solara,Chantal, Calypso, and Blanda. The PNYT-C-93 at Tajoura was badlyaffected with wilt/root rots, anU so no useful yield data could be 
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obtained. 

Vetch: The IVAT-93 from ICARDA was raised at Zahra and Khoums stations. 
At Zahra, significant yield differences were observed among entries for 
both seed and biological yield. For seed yield, entry 20 (V. 
narbonensis) was the top yielder (913 kg/ha) followed by entry 23 (855 
kg/ha), entry 22 (762 kg/ha) and entry 19 (683 kg/ha) compared with 315 
kg/ha of the local check. For biological yield, entry 22 was the top 
yielder (4093 kg/ha) followed by entry 20, 18, 19, 6, 23, and 17. At 
Khoums also, significant differences in both seed and biological yield 
were obtained. For seed yield entry 23 was the top yielder (781 kg/ha) 
follcwed by entry 20 (726 kg/ha) and entry 19 (596 kg/ha) caTxprcd with
 
229 kg/ha of the local check. For biological yield, entry 8 (V. sativa) 
was the top yielder (5741 kg/ha). Other better entries were number 1, 
12, 9, 3, 7 and 23.
 

Chickling (Grasspea): The I-AT-93 from ICARDA was raised at Zahra arxi 
Khoums stations. No significant differences :n seed and biological 
yields were observed at either location. However yields were better at 
Khoums than that of Zahra. At Zahra, entry 18 (La3t]hyrus cicera) was the 
best seed yielder whereas entry 7 (L. sativus) was best at Khoums. For 
biological yield, entry 18 (L. cicera) was the best yielder at Zahra 
whereas entry 16 (L. cicera) at Khoums. Results showed a good 
possibility of growing chickling in Khoums area. 

a.2.2.3. Pir*hology 

Disease surveys in food legumes were conducted in southern, eastern and 
western regions of Libya. The most prevalent disease of dry pea was 
Alternaria spot followed by wilt, downy mildew, and rust. Bean leaf roll 
virus (BIRV) was otserved in severe form at Sebha station only. Wilt was 
observed in dry pea at Meknousa farm in the Southern region. In 
chickpea, Asc)chyta blight was the most important disease in the Eastern 
region. Stempiyllium spot was observed at Meknousa. In lentil, lentil 
yellows (BIV) was observed in a sex'Pre farm at Meknousa farm where 
Botrytis gray mold was also observed in certain entries. BLRV was also 
observed in lentils at El-Safsaf. 

For Ascochyta blight screening, CIABN-A-93 was grown under natural 
disease conditions at El-Safsaf. Two lines (FLIP 88-83C and -96-56C) 
were rated 1 (out of a maximum of 9), two (FLIP 85-84C and -84-124C) were 
rated 2. Most of the remaining lines were rated 3 except line ILC 3279, 
FLIP 82-132C, -91-14-C, and -91-45 that were rated susceptible (7 and/or 
above) along with the susceptible check, ILC 263. In the chickpea 
national ascochyta blight nursery (CQABN-93) with !I entries tested at 
El-Safsaf, three lines, viz., FLIP 88-82C, -89-11OC and -90-112C were 
rated 3 (out of a maximum of 9), whereas two (FLIP 84-144C aid ILC 195) 
were rated susceptible (7-9 rating) along with the susceptible check. 
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8.2.2.4. Agronomy
 

Two agronomic trails were conducted. These were chickpea weed control 
verification trial-1993 at El-Marj, and dry pea date of planting x rowspacing trial-1993 at Tajoura and Sebha stations. In the chickpea weedcontrol verification trial with three treatments, no significant yield
differences were observed among treatments. However, pre-emergence
treatment of Igran + Kerb provided the weedbest control and highest
grain yield over pre-emergence Maloran + Kerb and weedy check.
 

In the pea trial with four sowing dates (15 Sept, 1 Oct, 15 Oct and
1 Nov) and four row spacings (30, 45, 60 and 75 cm) at Seha, significant
differences between sowing dates were observed with the last date (15
Oct) providing the highest grain yield of (7900 kg/ha) and the first date
(1 Sept) providing the lowest grain yield (4400 kg/ha). Also,significant differences were observed among row spacings. An inter-row
spacing of 30 cn provided the highest grain yield (7910 kg/ha), whereas
the 75 cm row spacing provided the lowest grain yield (5700 kg/ha.
Libyan National Program Scientists and 8.P.S. Beniwal. 

8.2.3. Morocco
 

8.2.3.1. Trial sites and crop season
 

Different nurseries/trials in chickpea and lentil were raised
Marchouch, Douyet, and Jemaa Shaim stations of INRA-Morocco. However,

at 

Morocco, like the last crop season, again faced a severe drought
situation that adversely affected crop growth and development. No useful
data for yield could be obtained in any of the trials in chickpea and 
lentil.
 

8.2.3.2. Ge-rplasm enhancement 

Germplasm enhancement with resistance to major stress factors continued 
to be the major objective of the national food legume program of Morocco.
As in the past, the national program very heavily depended on chickpea
and lentil material from ICARDA in the form of international nurseries 
and yield trials.
 

Chickpea: Chickpea trials/nurseries were raised at Marchoucn, Jeraa
Shaim, and Douyet, and included CIYT-W-MR-93, CPYT-W-I-93, CPYr-W-II-93,
CAYT-W-93, aCARYT-W-93, CIF4N-MR-93,CaXW-W-93, tISN-W-93, CNYT-SP-93,
CAYT-SP-93, and seed increases. These yielded no useful data because of
erratic plant stands and the drought. However, some selections were made 
based on visual observations. 

Lentil: Lentil were attrials/nurseries raised Marchouch and Jemaa
Shaim, and included LIYT-E-93, LJVT-L-93, LIYT-S-93, LPYT-93, IAYT-93,
LNWT-93, 1NARYT-93, and seed increases. Here again, no useful yield 
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data could be obtained due to the drought situation that prevailed 
during the croo season. However, sane selection based on visual 
observations was exercised. Lentil lines ILL 6002, -6209, FLIP 86-19L, 
86-21L and ILL 5883, which have done well in the past seasons, were also 
observed to be early to medium in maturity and good yieldin. Other 
early and good lines identified at Jemaa Shaim in Lrf'-E-93 were ILL 
4605, -6262, -6465, -6467 and -6818. In LIYT-L-93, line ILL 6436 was 
early and better than others. 

8.2.3.3. Pathology
 

Major omphasis in chickpea pathology continued on Ascochyta blight and 
wilt. Screening for Ascochyta blight was done by raising CIABN-A-93 
under artificial inoculation conditions at Marchouch, and in a greenhouse 
at Settat. In spite of the drier conditions at Marchouch, a reasonable 
amount of disease developed in the nursery with the susceptible check 
showing 7-9 rating (out a maximum of 9). Three entries were identified 
as resistant (FLIP 88-83C, -90-85C, and -91-45C). 

Interesting and useful information on the role of infected crop
debris was obtained thro-h a small field experiment at Douyet. Infected 
debris spread on the soil surface caused 34% seedling infection, whereas 
infected debris burried at 15-20 cn depth resulted only in 2% seedling 
infection. No seedling infection was observed in plots where the 
infected debris was burried at 30 cn depth and also in plots where only
healthy debris was used. 

All the six ICARDA-reported races of A. rabieiwere found in Morocco 
with Race 5 being predominant. Races 3 and 6 were least frequent. 

Chickpea wilt was observed to be important in ceattin areas of 
northern and central Morocco, and thus deserves attention from 
researchers. Two races of the wilt pathogjeny (Fusariumoxysporum f. sp.
ciceri) were identified, namely, Race 1 and 0. The former was found 
predominant in Morocco. 

Lentil rust screening was continued under field conditions at Jemaa 
Shaim. However, no disease developed due to extremely dry conditions 
that prevailed during the crop season. 

8.2.3.4. Entomology 

Field screening of CILMN-93 at Jemaa Shaim provided useful information. 
Leaf miner development was good due to drier weather conditions. Line 
IW 3800 showed 5 rating (out of a maximum of 9) ccnpared with 9 of the 
susceptible check, ILC 3397. 
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8.2.3.5. Agroncy 

Good progress was made in chickpea agrc.umy work at FNA-Meknes. Pre
emargence application of Igran + Kerb combined with one intercultivation
in twin-row planting arraigement provided good management of weeds inchickpea. Results of a weed coupetition study indicated that weeds inchickpea in the Meknes araa are critical up to 60 days after emergence. 

In faba bean, dodder (Cuscuta sp.) was considered an importantproblem at Douyet espe ially because of the prevailing drier weatherconditions during 1991/92 and 1992/93 crop seasons. Highly effective
control of dodder in faba bean was obtained by a pre-emergence soilapplication (75 g a.i./ha) or a foliar spray (25 a.i./ha) of imazethapyr.
Morocco National Program Scientists and B.P.S. Beniwal. 

8.2.4. Tunisia
 

8.2.4.1. Trial sites and crap season
 

Chickpea and lentil trials were conducted at Beja, Kef and Oued Meliz
research stations of INRAT. Rahinfall was close to the long-term average
at Beja and Kef. Fall (Oct-Dec) was wet. Winter (Jan-Feb) had less thannormal rainfall with above-than-normal temperatures. Snowfall occurred
at Kef in Dec, Jan and March. Good rainfall was experienced in March (50
nm at Beja and 45 m at Kef), however, April was dry with higher thannormal temperatures which adversely affected flowering and pod setting
and thus grain yield. Good rainfall occurred in May. Generally, less
Ascochyta blight in chickpea was observed in the crop season. 

8.2.4.2. Germplasm enhanocment
 

Chickpea: 
 Grain yields at Oued Meliz were better (average of 3550 kg/ha)
than at Beja (2864 kg/ha). On an average, FLIP 84-92 (INRAT 88) thewas
highest yielder (3744 kg/ha) in all the yield trials followed by FLIP 8479C (3363 kg/ha), Kessab (3150 kg/ha), ILC 3279 (2938 kg/ha), and Amdoun 
1 (1742 kg/ha).
 

Lentil: Average yields at Beja were much higher (2675 kg/ha) than those
of Kef (621 kg/ha) where poor and unfavorable weather conditions
prevailed during the crop season. In the yield trials, on an average,
78S26002 was the highest yielder (1726 kg/ha at Kef and 2950 kg/haBeja' followed by Nsir (1683 kg/ha at Kef 

at 
and 2712 kg/ha at Beja), Nefza(1440 kg/ha at Kef and 2250 kg/ha at Beja), and local variety (1201 kg/ha

at Kef and 1975 kg/ha at Beja).
 

8.2.4.3. Pathology
 

Major emphasis in pathology continued on chickpea Ascochyta blight andwilt. 
In 1992/93 crop season, average Ascochyta ratings at Oued Meliz
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were lower than those cf Beja. Importantly, resistance in chickpea 
material to Ascochyta blight has improved over the years. The present 
situation is: R(3.0-3.5 rating), 2.1%; MR (4.0-5.5 rating), 31.5%; ,.S 
(6.0-6.5 rating), 25.3%; and S (7.0 rating or more), 41.0%. 

For chickpea wilt, a total of 952 lines/accessions were screened in 
a wilt-sick plot at Beja. Over years, resistance in chickpea material 
in the program has improved; 7% of the total material screened showed 0
10% wilt, 5% showed 11-50%wilt, whereas 88% showed more than 50% wilt. 
Of the 500 ICARDA accessions screened during the 1992/93 crop season, 
only three (ILC 5345, -5363 and -5364) shaded less than 10% wilt, and 35 
accessions were classified as late-wilters. 

8.2.4.4. Soil microbiology 

Soil microbiology work on chickpea and lentil was done at INRST (Institut 
National de Recherche Scientific et Technique) by Dr. Mohd. Elarbi 
Aouani. In chickpea, three Rhizobium strains (CP 39, CP 42 and CP 51 
from ICARDA) were tested in soil-cores on soils from three different 
sites (one in Mateur and two in Cap Bon area) using two varieties (Amdoun 
1 and ILC 3279=- Cietoui). Nodulation improved in soils from Cap Bon 
soils indicating the possibility of imThroving yields in tchis area with 
Rhizobium inoculation.
 

In lentil, three Rhizobium straLns (Le 735, Le 857 and L 933 from 
ICARDA) were tested in soil-cores on soils from three sites (Alia, S. 
Ncir and Tebourga) on two variaties (Nefza = ILL 4406 and Ncir = ILL 
4400). Nodulation was improved in soils from S. Ncir on both the 
varieties by strains Le 933 and Le 735, whereas in soils from Tebourga 
on variety Nefze by only strain Le 735. 

8.2.4.5. Technology transfer 

on-farm verification trials: In a chickpea on-farm varietal trial, 
winter sawing provided yield advantages ranging from 295% in Amdoun 1 to 
450% in FLIP 84-92C, and 395% in Flip 84-79c. In a chickpea maximization 
trial, highest yield of 2336 kg/ha was obtainied in a winter chickpea 
variety (FLIP 84-92C), planted in January and at a higher density in Beja 
area cxnpared with farmers' practice of spring planting of a local 
variety that yielded only 874 kg/ha, thus providing a 167% increase in 
chickpea grain yield. 

In lentil, an early sowing (mid-Nov) provided a 25% grain yield 
advantage over the delayed sowing (farmers' practice of end-Dec -owing). 
In the early sowing, variation in plant density from 100 to 200 plants/m2 
was not important, whereas in the delayed sowing grain yields were 
doubled in the higher density (200 plants/m2). 
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On-farm demonstrations: Chickpea on-farm demonstrations were conducted
in the Cap Bon area in 0.25 ha plots. Results clearly showed thatchickpea yields could be doubled by planting winter chickpea varietiesFLIP 84-79C and FLIP 84-92C. Also, results of a demonstration on twodates of winter sowing in the same area indicated that winter chickpeacould be planted from end-December to end-January without much adverseinfluence on grain yield by the latter planting. H. Halila, other
National Program Scientists and S.P.S. Beniwal. 

8.2.5. Regional Trials 

Five regional trails were conducted during the 1992/93 crop season.These included 
93), 

Chickpea North Africa Regional Yield Trial-1993 (CNARYT-Lentil North Africa Regional Yield Trial-1993 (LARYT-93), RegionalTrial on Integrated Management of Chickpea Weeds-1993 (RTIMCW-93),Regional Trial on Integrated Management of Lentil Weeds-1993 (RIIMU/-93),and Regional Trial on Integrated Control of Ascochyta Blight of C( ickpea
1993 (RTICAB-93). 

8.2.5.1. Chickpea North Africa regional yield trial - 1993 

The trial was conducted at Marchouch and Jemaa Shaim in Morocco, Beja andOued Meliz in Tunisia, El-Mar'j in Libya, and Tessala in Algeria (Table8.2.5). The 1992/93 crop season faced a severe drought in Morocco, and a moderate one in Tessala area of Algeria. This makes comparisons across 
locations and countries difficult. 

In Tunisia, variety FLIP 82-150C was the highest yielder at bothBeja (3457 kg/ha) and Cued Meliz (4525 kg/ha). Other better varieties were FLIP 84-182C (3809 kg/ha), -85-94C (3639 kg/ha), -84-79C (3605
kg/ha), -84-109C (3502 kg/ha) ,and -84-92C 
 (3461 kg/ha). In Algeria, FLIP85-94 was the highest yielder (2621 kg/ha) and was the only variety thatoutyielded the check. Other better varieties were ILC 195 (2420 kg/ha),FLIP 82-150C (2376 kg/ha), 80'H 177 (2156 kg/ha), and FLIP 84-182C (2135kg/ha). In Libya, the yields were low. The highest yielder was FLIP 85
94C (970 kg/ha). 

Over locations (considering all six locations), the first sixentries in descending order were FLIP 85-94C (1932 kg/ha), -82-150C (1927kg/ha), -84-182C (1901 kg/ha), -84-79C (1766 kg/ha), BOTH 177 (1738kg/ha), and FLIP 84-92C (1711 kg/ha). The varieties that were topyielders at more than one location were FLIP 85-94C El-Marjat andTessala, and FLIP 82-150C at Beja and Cued Meliz. 
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Table 8.2.5. Chickpea North Africa regional yield trial, 1992/93 crop 
season.
 

Grain yield (Kg/ha) 
Line Morocco Tunisia Lia AlQeria Mean IPri 

MMI JS BJ CM ELM TSL 

FLIP 84-109C (A)' 296 270 3439 3600 680 1878 1694 7 
FLIP 85-17C (A) 386 160 2991 3100 700 1488 1471 14 
FLIP 81-293C (A) 406 213 2728 3725 790 1911 1629 12 
80M1{177 (A) 740 193 3213 3275 850 2156 1738 5 
FLIP 85-94C (A) 493 230 3153 4125 970 2621 1932 1 
FLIP 84-93C (L) 440 130 3156 3782 640 1985 1698 8 
FLIP 83-46C (T)2 403 193 3156 3440 740 2080 1669 10 
FLIP 84-79C (T) 370 170 3135 4075 790 2058 1766 4 
FLIP 84-92C (TfM) 386 106 3333 3590 830 2022 1711 6 
ILC 3279 (T/A) 283 110 2676 3225 530 1873 1450 15 
FLIP 83-48C (M) 443 140 2943 3432 750 '535 1541 13 
FLIP 84-182C (M) 580 193 3228 4390 880 2135 1901 3 
FLIP 82-150C (M) 250 253 3457 4525 700 2376 1927 2 
FLIP 84-145C (M) 370 146 3005 3732 740 2067 1677 9 
FLIP 84-164C (M) 366 196 3313 3525 800 1963 1694 7 

2
ILC 195 (M) 311 233 2953 3350 590 2420 1643 11 

Mean 408 180 2900 3680 749 2035 
SE+ - - 817 55 NS NS 
CV% 38 42 28 15 25 

1. A=Algeria; L'=Liya; M=Morocco; and T=-Tunisia national programs that 
contributed variety. 

2. These are three check varieties of the countries. 
3. The variety that yielded highest at the location. 

8.2.5.2. Luntil North Africa regional yield trial - 1993 

The trial was conducted at Marchouch and Jemaa Shaim in Morocco, Tiaret 
in Algeria, Beja ard Kef in Tunisia, and El-Marj in Libya (Table 8.2.6). 
As mentioned earlier, a severe drought occurred in Morocco, and a 
moderate one in western Algeria. The trial failed at Tiaret because of 
drought. In Morocco, in spite of the drought it is Jiteresting to note 
that the lines that have shown good performance in the past also did well 
this season. These included FLIP 86-19L, Precoz, FLIP 86-21L and -86-19L 
at Marchouch. In Tunisia, yield levels were very good at Beja and fair 
at Kef. First four varieties at Beja were FLIP 84-106L, Precoz, FLIP 86
21L ard 78S26002 whereas these were ILL 5700, -6809, Precoz, and ILL 6212 
at Kef. In Libya, yield levels at l-Marj (Eastern region of Libya) were 
fair. The first four varieties were ILL 6209, Nylon, 78S26002, and ILL 
5700. 
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Across five locations in the three countries, the best five lines in
descending order were Precoz (1120 kg/ha), ILL 6209 	 (1117 kg/ha), FLIP
84-106L (1077 kg/ha), ILL 5700 (1066 kg/ha), and ILL 6002 (1018 kg/ha).
 

8.2.5.3. 	 Regional trial on integrated managamant of chickpea weeds-1993 

The trial was conducted at Douyet and ERA-Meknes in Morocco, Setif andSaida in Algeria, and Beja in Tunisia. Good results were obtained only
from Beja and Setif locations whereas no yield data could be obtained 
from Douyet, E2A-Mknes, and Saida. 

At Setif station in Algeria, the trail was slightly modified. The 
two planting plans were in simple rows (30cm apart) and paired-rows (30cm
between each row and 70 cm between two paired-rows). The pre-emergence
treatment 	of Igran + Kerb with two at(2.5 1 + 0.5 kg/ha) hand-weedings
40 aid 70 days after emergence was most effective in weed control, and
resulted in highest grain yield of 710 kg/ha. This was followed by the 
treatment Igran + Kerb with one hand-weeding that yielded 520 kg/ha in
twin-row planting (17.5 an between rows) spaced 70 an apart. Thetreatment 	 Igran+Kerb alone yielded 400 kg/ha compared to only 70 kg/ha
of the non-weeded control. 

In Turisia in spring-sown chickpea, the treatment with two hand
weedings or herbicides + one hand weeding improved grain yield by 30% in
the paired-row planting situation. In close sinple planting (20cm rowto row), the treatment with two hand-weedings provided 55% yield
increase, whereas the herbicide treatiient alone provided 35% yield
increase. 

8.2.5.4. 	 Regional trial on integrated management of lentil weeds-1993 

Although the trial was planned to be conducted at one location each inMorocco, Tunisia, Libya, and two locations in Algeria, it was conducted
only at Tessala and Tiaret in Algeria. However, no yield data could be
obtained even from these locations because of the drought situation that
 
prevailed at these locations.
 

a.2.5.5. 	 Regional trial on integrated control of Asoochyta blight of 
chickpoa-1993 

The Trial 	was conducted at Douyet and ERA-Meknes in Morocco, and Beja in
Tunisia. Because of the drought no results could be 	 obtained from
Douyet, and the trial, although proposed, was not conducted in Algeria 
and Libya.
 

The trial was modified at D[A-Mekies to include control of leaf miner
also. Here, the disease develoment was low and delayed. However, much more disease developed in the susceptible cv. PCH 46 than on ILC 195 or
FLIP 84-92C (moderately r'nsistant). Even two fungicide sprays did not 
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affect much disease development in FLIP 84-92 and ILC 195, whereas they 
reduced some disease development in PCH 46. 

In Tunisia, without any fungicide sprays, grain yields were 180C 
kg/ha in moderately resistant (MR) versus 720 kg/ha in moderately 
susceptible (MS) or 13 kg in susceptible (S) chickpea varieties. One 
spray, made no impact on yield increase in S and MR but doubled yield in 
MS. Althougjh three sprays made no inprovement over two sprays in MS, 
they resulted in phenomenal grain yield increase in S (499 kg/ha) and 
significant yield increase in MR (2329 kg/ha). National Progr 
Scientists in the Region and B.P.S. Benival. 

Table 8.2.6. Lentil North Africa regional yield trial, 1992/93 crop 
season.
 

Grain yield (kg/ha) 
Line Country Morocco Tunisia Libya Mean Rank 

MQ( JHC BJ KF ELM 

BALKAN 755 Algeria 423 15 2683 804 1000 985 9 
SETIF 618 Algeria 73 15 2525 634 880 825 16 
L. B.REDJAS 
76S26002' 

Algeria 
Tunisia 

123 
244 

3 
120 

2758 
2783 

540 
720 

850 
1170 

855 
1007 

15 
7 

NYLON Morocco 216 130 2508 740 1200 959 10 
ILL 4400' Tunisia 250 26 2691 700 1090 951 13 
ILL 4606 Tunisia 230 173 2458 636 1090 917 14 
ILL 6002 Morocco 460 353 2616 830 830 1018 6 
ILL 6209 Morocco 467? 313 2691 866 1250 1117 2 
ILL 6212 Morocco 350 303 2291 832 1030 961 11 
ILL 5700 Morocco 333 200 2708 980 1110 1066 4 
ILL 4605' Morocco 363 433 2908 844 1050 1120 1 
FLIP 84-106L Morocoo 234 206 3166 730 1050 1077 3 
ILL 5883 Morocco 326 193 2658 730 930 967 10 
FLIP 86-21L Morocco 410 413 2833 648 1020 1065 5 
FLIP 86-19L Morocco 400 440 2516 778 830 933 8 

Mean 306 209 2674 754 1024 
SE+ - - 467 153 NS 
CV% 46 35 17 36 

1. These are three check varieties in the trial. 
2. The variety that yielded highest at the location. 

8.2.6. Training Activities 

Scientists/technicians from Algeria, Libya, Moroco and Tunisia 
participated in the Group Training Courses at ICARDA. They included one 
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each from Algeria, Libya, and Tunisia and two from Morocco for the LegumeBreeding Methodology Course; and one from Algeria for the MechanicalHarvest of Legumes Course. Two scientists frcn Algeria underwent theindividual training in chickpea breeding at ICARDA, and one seniortechnician from Morocco received individual training in lentil andchickpea pathology. One scientist from Tunisia participated in the ThirdInternational Symposium Orobanche heldon at Amsterdam, 8-12 November 
1993. 

A regional legume travelling workshop was organized in Algeria in May1993. It provided an excellent opportunity for scientific interactionand training to participating legume scientists of Algeria, Libya,Morocco, and Tunisia. ICARDA Hame-base Program Scientists, TM and
S.P.S. Beniwal. 

8.3. est Asia Regional Program 

In the Mashreq Project (RAB/89/026) on 'Increased Productivity of Barley,Pasture and Sheep in Syria, Jordan and Iraci', the role of annual foragelegume is being investigated in the rainfed farming systems in the lowrainfall areas theseof countries. During the 1992/93 season theseasonal precipation in the test areas in Syria was around 300 mm; inJordan the rainfall was less than 300 mm and crop suffered from earlycold and late drought; while in Iraq the rainfall was more than 300 rmwith severe rain storms in March. 

8.3.1. Performance of Annual Forago Logumes 

Several forage legume species and accessions were found to have a goodpotential for dry matter production and for grain and straw production.In Syria, Vicia sativa 715 and 800, Vicia ervilia 219, and Vicianarbonensis 717 and 683 were found to be promising. In Jordan, Viciasativa 715, Vicia villosa subsp. desycarpa 683 and Lathyrus sativus 101were promising and the national areprograms intending to release these 
lines.
 

8.3.2. Effect of Vetch on Bubsequent Barley 

Work on the demonstration of vetches was extended in the project to coverlarge areas in the three countries during the 1992/93 season. The vetchwas directly grazed by sheep. The results in Syria indicated that barleyafter Vicia erviliayielded 35% more than that after barley and the yieldwas at a par with that of barley following clea; fallow. 

In Iraq, barley yield after vetch was 10% higher than barley after
barley and 12% higher than barley after fallow. In Jordan, barleyfollowing Vicia ervilia gave 32% more grain yield as compared to barleyafter barley but 32% lesser than that of barley after clean fallow. 
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More details of the work are given in the Project Annual Report 
Mash/Doc/017, Jan, 1994. National Program Scientists and Nasri Hadad. 

8.3.3. Field Verification Trials in Lebanon 

In collaboration with the Lebanese Agricultural Research Institute 
(LARI), Tel Amara, Beqa'a, verification trials were conducted on chickpea 
and lentil genotypes at various research stations of LARI and ICARDA 
during the 1992/93 season. The weather conditions in Beqa'a were not 
very favourable for growing these crops. Very severe cold during winter 
and dry spring resulted in stressed crop. 

Three varieties of lentil and 3 varieties of chickpea were evaluated 
at 3 coastal sites (Abdeh, 1ebaa and Kfarshakhna) and 3 sites in Beqa'a 
valley (Tel Amara, Terbol and Kfardan) in replicated trial (3 
replications) with large plots. Area harvested ranged from 78-84n in 
case of chickpea and was 45 m? for lentil for each genotype. The morpho
physiological characters of varieties used in the trials are given in 
Table 8.3.1.
 

Table 8.3.1. 	 Some morpho-physiological characters of the chickpea and 
lentil varieties used in the field verification trials in 
Lebanon.
 

Range in attributes 
Crop and Days to Plant Plant 1000-seed Cooking 
genotype flower type height(cn) wt(g) time(nt) 

chickpea 
FLIP 85-5C 78-92 Semi spreading 32-85 468-507 
Janta 2 75-93 Semi erect 25-61 248-330 
FLIP 84-15C 78-100 Erect 28-70 405-513 

Lentil 
FLIP 86-2L 69-85 Non lodging 33-55 35.--51.5 35-42 
Talia 2 68-82 Non lodging 30-45 26.5-36.5 29-41 
FLIP 87-56L 74-89 Non lodging 30-48 34.5-44.5 35-41 

The yield performance of the tested genotypes is shown in Table 
8.3.2. The performance was better in the Beqa'a sites than in the 
coastal sites particularly for lentil. The new genotypes did not show 
any major superiority over the improved check varieties (Janta 2 and 
Talia 2) which were released in 1988. 



266 

Table 8.3.2. Grain yield (kg/ha) of different chickpea and lentilgenotypes in field verification trials in Lebanon in 
1992/93. 

cro and 
 Stationsgenotypes Kfarshakhna Lebaa Abdeh Tel Amiara Kfardan Terbol 

dfuckpea-
FLIP 85-5C  857 2682  1791 2563
Janta 2 
 - 734 4096 
 - 2077 2941FLIP 84-15C  559 2710 
 - 1964 2764
 

Lentil
FLAP 86-2L 316 774 1046 1806 
 2304 1826
Talia 2 463 791 
 1255 140 
 2702 1337
FLIP 87-56L 340 
 496 1073 1378 2833 1575
 

Of the chickpea varieties, FLIP 84-15 showed lower number of filledpods and high number of empty pods. This was observed in 1988/89 and1989/90 season as well. Hence it does not appear suitable forcultivation in Lebanon. On the other hand FLIP 85-5C has larger seedsize and better taste of green seeds than Janta 2. Since most of thechickpea Ln the coastal areas is grown for green seeds this varieties seems superior to Janta 2 for introduction there. There is a need forintroduction of more promising varieties in the field verification trialsin the 1993/94 season, as several such varieties have been identified inthe yi-ld trials at -arbol and Kfardan . Lebanese National Scientists 
and Pierre Kiwan. 
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9. iRADKEW AND NEWORKIM 

The purpose of training is to develop or enhance the technical 
capabilities of NARS scientists and their support staff. It also aim 
at strengthening networking and to assist in transfer of technologies. 
Table 9.1.1 summarizes the activities undertaken by LP during 1992 to 
meet the above objectives. This was done in some cases in collaboration 
with NARSs and other ICARDA prcgrams. A total of 207 participants
received training in the improvement of lentil, kabuli chickpea and 
annual forage legumes (Table 9.1.1). 

Table 	9.1.1. Summary of training activities in 1992. 

Type of training 	 Participants Represented 
countries
 

I. Training at Aleppo 

1. 	 Gro courses 
1.1. 	 Legume Disease Control 9 8 
1.2. 	 Insect Control in Food 

Legumes and Cereal Crops 12 10 
1.3. 	 Breeding Methodologies in 

Fcod Legumes 16 10 
1.4. 	 Mechanical Harvesting of Leg.:es 12 5 
1.5. 	 DNA Molecular Marker Tedniques 12 12 

2. Individual Non-degree 	 35 5 
3. Graduate Research 	 7 4 

II. In-country/Sub-regional Training Courses 

1. 	 Winter Chickpea technology 
Transfer, Algeria 23 4 

2. 	 Legume Seed Production, Egypt 21 3 
3. 	 Use of Ccputer in Breeding 

Experiments, Turkey 9 1 
4. 	 Caiptter Application for 

Multilocation Testing and 
Stability Analysis, Egypt 14 3 

5. 	 Lentil and Chickpea Production 
Technology, Turkey 18 1 

6. 	Food Legume Imprcvement, Lebanon 18 1 
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9. 1. Group Training at ICMM 

Table 9.1.2. Participation in group training by countries. 

Type of training 	 Countries 

Short Courses at Aleppo
1. 	 Legume Disease Control Algeria, Bulgaria, Egypt, Iran, 

Lebanon, Libya, Syria, Turkey

2. 	 Insect Control in Food Algeria, Iran, Lebanon, Libya,

Legumes and Cereal Crops Morocco, Pakistan, Sudan, Syria 
Tunisia, Turkey


3. 	 :'creening Methodologies in Algeria, China, Ethiopia, Iran,
Food 	Legumes Leba m, Libya, Mexico, Pakistan, 

Syria, Yemen 
4. 	 Mechanical HarveAsting of Cyprus, Iran, Iraq, Pakistan,
 

Legumes Syria
 

Short Courses In-country/Sub-regional 
1. 	 Winter Chickpea Technology Algeria, Morocco, Libya, Tunisia 

Transfer 
2. 	 Legume Seed Production Egypt, Ethiopia, Sudan 
3. 	 Use of C43:uter in Breeding Turkey
 

Experiments
 
4. 	 C iter Application for Egypt, Ethiopia, Sudan
 

Multilocation Testing
 
and Stability Analysis
 

5. Lentil and Chickpea 	 Turkey
 
Production Technology 

6. Food Legume Improvement Lebanon 

9.I.1. Legume Disease Control
 

Integrated control methods of legume diseases are developed to increase 
farm incomes and to maintain a clean environment. In order to strengthen
the research capacity of national programs in this area, a short course 
was conducted at Tel Hadya from 9 to 19 March, 1992. The course was 
attended by 9 participants. The progrzLn included theoretical, laboratory
and field training. Lectures -&,re on major legume diseases,
methodologie- for handling pathogens, strategies for the identification 
of resistant sources and integrated mnagemnt of legume diseases. 
Laboratory training covered general management and basic procedures used 
in plant pathology laboratories, pathogenicity tests, new approaches in 
identifying differeit populations of a given fungus, inoculum 
preparation, inoculation and seed pathology. Field training covered 
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mainly disease rating, management of disease screening nurseries and 
integrated disease control. A field trip was organized to visit farmers 
fields in Lattakia and Idleb. Participants rated the organization and 
the level of the course as very good. 

9.1.2. Insect Control 

Food legume crops are attacked by many pests resulting in sizable yield 
reduction and post-harvest losses. The same applies for cereal crops as 
well. Realising the need of NARSs for strengthening the research skills 
in this field, the Cereal and Food legume Improvement Programs conducted 
a joint training course on 20 to 30 April, 1992 in Aleppo. The course 
was attended by 12 participants (41.67% female) and covered topics such 
as sampling and identification of insects and monitoring of insect 
populations, collection of insects, screening for host-plant resistance, 
use of pesticides and application of biological control. The course will 
continue to be offered in the future with increased time allocated for 
practical skills such as p]arning of experiments. 

9.1.3. Breeding Methodologies in Food Legumes 

To promote sound strategies and strengthen the network of collaborators 
in the improvement of legumes germplasm, a training course on "BreedL 
Methodologies in Food Legumes" was conducted from 3 to 14 May, i992 at 
Aleppo. The course was attended by 16 participants and covered topics
such as quantitative genetics as applied to plant breeding; plant genetic 
resources; breeding methods; mutation breeding; methods in cytogenetics; 
breeding for resistance to environmental stresses, diseases and insects; 
variety maintenance and experimental designs. One participant presented 
the strategies and achievements in his breeding program as a seminar. 
The participants evaluated the course as highly successful and useful. 

9.1.4. Harvest Mechanization 

A legume harvest mechanization short course was organized at Tel Hadya
from 10 to 22 May, 1992 jointly by the Legume Program and the Pasture 
Forage and Livestock Program, including lecturers from Farm Resources 
Management Program and Station operations. The course was attended by 
12 participants. The purpose of the training was to demonstrate systems 
of legume production and mechanization to decrease the cost of producing 
legumes. The program includcd beth lectures and practicals related to 
harvest machinery, such as mowers (self-propelled and tractor-drawn), 
combines and the lentil puller. Lectures were on the problems of 
mechanization, the breeding and agronomy of mechanization for different 
legumes, seed-bed preparation, economic and techniques for farmer 
interviews and on-farm trials. In addition, trainees presented the 
situation of legume production and mechanization in their own countries. 
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9.1.5. EM Molecular Marker Techniques for Gernplam Evaluation and 
Crop Mpqrov.2mnt 

Plant biotechnology tools offer innovative approaches in plant
improvement research. To increase the awareness of national scientists
about the potential of biotechnological tools in facilitating the crop
improvement research, ICARDA onducted a course from 20 Sept to 1 Oct,
1992 at Aleppo, attended by 12 participants. The course introduced
participants to theoretical and practical aspects of DNA marker
techniques, covered current and future uses of DNA technology in plant
breeding and provided practical experience in same aspects of DNA
technology. The lecture gene structure,series included regulation and
inheritance, gene identification and marking, gename mapping, application
of genetic engineering as well as the use of wide crossing and
scmaclonal variation. During the practical sessions, each participant
successfully extracted, purified and digested DNA by a restriction 
endonuclease Taq I, electrohoresed the fragments and probed them with 
a non-radioactive probe. The practicals also focused on RFLP methods and
DNA amplification using Polymerase Chain Reaction. The trainees 
evaluated the course as useful and hoped that this interaction will lead 
to the start of a core network in this upstream research area. 

9.2. In-Country/Bub-RegionLl Courses 

9.2.1. Winter Chickp a Technology Transfer 

A course on transferring winter-chickpea technology was conducted at Sidi
Bel Abbas, Algeria from 17 to 20 May, 1992 jointly with FINP and ITGC,
Algeria. It was attended by 23 participants, a mixture of exteinsion,
research, and production workers. The enphasis was mainly on
transferring winter-chickpea technologies to farmers including discussion 
on adoption aspects. The lectures were augmented by visits to research
stations and farmers' fields where winter sowing was adopted. In
addition, participants gave presentations on breeding, agronomy, seed
production and socio-economic aspects of chickpea for winter sowing.
Participants evaluated the course as very interesting. 

9.2.2. Legume Bead production 

The course was conducted jointly, with ICARDA Seed Unit, in Cairo from
18 to 29 April, 1992 and was attended by 21 participants from Egypt,
Sudan and Ethiopia. It was sponsored by the Agricultural Research Center 
and the Central Administration for Seed in Egypt and by the German Agency
for Technical Cooperation. The course covered all major aspects of
legume seed production including variety maintenance, description and
release, seed production, processing, storage and quality control. 
Fxhasis was given to crop management, field inspection techniques and 
detection methods of seed-borne diseases. 



271
 

9.2.3. Use of cmpters in Breeding Etperiments 

LP and 	 CBSU jointly conducted this in-country course in Diyarbakir, 
Turkey from 27 April to 3 May, 1992. It was attended by 9 participants 
(55.0% female) from Turkey. The course was jointly sponsored by ICARDA 
and South Eastern Anatolian Agricultural Research Institute, Diyarbakir. 
The major emphasis of the course was on designing and management of 
breeding trials. The course also covered computer basics, data entry and 
analysis by MSTAT-C, basic knowledge about dBASE IV and its use for 
breeding-data management, ard the use of Harvard Graphics. The course 
generated much enthusiasmL and the participants continued additional 
exercises in late evenings using oomputers. The level of skill 
achievement was very high. 

9.2.4. 	 Computer Application for Mltilocation Testing and Stability 
Analysis 

LP and CISU jointly conducted this sub-regional training course in Cairo, 
Egypt. Sponsored by ICARDA and Agricultural Research Institute, Egypt, 
the coarse was held from 10 to 21 May, 1992 and was attended by 14 
participants fran Egypt, Etliopia and Sudan. The course provided an 
overview of the basic principles of designing experiments for varietal 
trails, the designing and analysis of trials conducthd over several 
locations and years to examine stability and adaptability of varieties, 
and assessment of genotype x environment interactions. The course 
covered basic statistical principles of trials on RCBD with commn checks 
and in RCBD conducted over locations/years, analysis of trials in 
lattices, stability analysis, zoning of environments, AMI model and 
stochastic dcminance. 

9.2.5. 	 Lentil and Chickpea Production Technology 

IP and FRMP jointly conducted this in-country training course in Ankara, 
Turkey from 29 June to 1 July, 1992. The course, jointly sponsored by 
ICARDA and Central Research Institute for Field Crops, Ankara, Turkey, 
was attended by 18 participants fran different organizatiois in the 
Central Anatolian Plateau (dealing with research, extension, and seed 
multiplication). The lectures covered legume production in Turkey; 
breeding; cold tolerance; weed, nematode, disease and insect pest 
control; mechanization; biological nitrogen fixation; seed mltiplication 
and economics of production and adoption. In addition, trainees visited 
farmer's fields and Haymana Research Station where they saw several 
experiments on breeding, disease control, cold tolerance, seed 
ultiplication and rotations. The trainees evaluated the course as quite 

useful. 
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9.2.6. Food Legme Mqpv=M t in Lebaxn 
This in-country course conductedwas at Terbol, Lebanon from 14 to 18Sept, 1992. The course was attended by 18 Lebanese participants from theAmerican University of Beirut, the Lebanese University,of Saint-Joseph, the Universitythe Kaslik University and the Agricultural ResearchInstitute. The course covered food legume production in Lebanon,agronomy and cropping system, theirbiological nitrogen fixation, varietalimprovement &)d diseases, pest and weed management of lentil, chickpea,pc. arkd faba bean. The practical session dealt with hybridizationtechniques. Group presentations

mechanization of legumes, control of 
on winter sawing of chickpea,

Orobanche in food legumes andbiological nitrogen tixation were done by the participants with the aidof audio-visuals and posters. These presentations includedintroduction to the problem, its present status, 
the 

the up-to-date resultsof improvement and the future trends. The courseinteraction between allowed a goodthe trainees and the instructors and was evaluated as highly successful. 

9.3. Individual Non-degree Training
 
As per the request of NARSs, 
 training on an individual basisfor 35 participants from 5 countries. was offered

Skills covered and countriesrepresented are given in Table 9.3.1. The syllabi were tailored to meetthe specific needs of NARSs and the academic background and performanceobjectives of the participants.
 

Table 9.3.1. Participation in the individual non-dchree training, 
1992.
 
Topic 
 No. of Countries 

participants 

1. Agronomy and Crop Physiology 5 Ethiopia, M4oroot, Syria2. Biological Nitrogen Fixation 3 Algria, Ethiopia, Syria3. Lentil Breeding 4 Algeria, Syria4. Virology 2 S. Oman, Syria5. Legume Cold Tolerance 
6. 2 SyriaQuality 3 Ethiopia, Syria7. Computer Application 3 Syria8. Rating of Diseases and Insects 5 Syria
9. Screening Chickpea for


Drauht Resistance 3 Syria10. Entomology 3 Ethiopia, Syria11. Chickpea Breeding 
 2 Syria 
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9.4. raduate Research Training 

As a part of the degree-oriented training 8 students started their thesis 
research in the program during 1992. The names are given in Table 9.4. 1. 
Six students received their M.Sc./Ph.D. degree and some are writing their 
thesis. 

Table 9.4. 1. Participants in graduate research training in 1992. 

Name 	 Degree iversity Country 

Registered in 1992 
1. 	 Widad Shehadeh M.Sc. Damascus Syria 
2. 	 Abbas Abbas Ph.D. Aleppo Syria 
3. 	 Ahmad M. Manschadi Ph.D. Hohenheim Iran 
4. 	 Hassan Tambal M.Sc. A.U.B. Sudan 
5. 	 Hassan Khalid M.Sc. A.U.B. Sudan 
6. 	 Mohamed A. Adlan M.Sc. A.U.B. Sudan 
7. 	 Ismail Kusmenoglu Ph.D. Selcuk Turkey 
8. 	 Suhaila Arslan M.Sc. Aleppo Syria 

Registration continuing from previous years 
1. 	 Aziz& Dibo Ajouri Ph.D. Aleppo Syria 
2. 	Sara Nour Ph.D. INRA Sudan
 
3. 	 Hossam El Din M. Ph.D. Alexandria Egypt 

El Sayed Ibrahim 
4. 	 Mo amed Labdi Ph.D. INRA Algeria 
5. 	 Marja van Hezewijk Ph.D. Amsterdam The Netherlands 

Ccmleted and deciree awarded 
1. 	 Imad Mahnxxd M.Sc. Gezira Sudan 
2. 	 Jihad Yasin M.Sc. Anman Jordan 
3. 	 Ahrad Al Seoud Ph.D. Damascus Syria 
4. 	 Huda Kawas Ph.D. Damascus Syria 
5. 	 Edwin Weber Ph.D. Hchenheim Germany 
6. 	 Stefan Schlingloff* Ph. D. Giessen Germany 
7. 	 Elias Zerfu M.Sc. Haryana Ethiopia 
8. 	 Heiko Schnell Ph.D. Hohenheim Germany 
9. 	 Christiane Weigner Ph.D. Hohenheim Germany 
10. 	 Eckhard George Ph.D. Hohenheim Germany 

* Completed in 1991. 



274
 

9-*5. Training Fatrial 

In an effort to increase information cons cehension and retention by thetrainees during the course, LP is develo lng a series of Lecture Notes.Lecture Notes are a print-on-paper medium di-stributed to trainingparticipants before or after a lecture, depering on the type of lectureand the audience. They summarize the lecture, reproduce the tables,charts and graphics presented in the lecture, give glossary of terms usedand list additional reading material. Therefore, the trainee can use thenotes to reinforce the spoken words of the lecturer. Lecture N aredeveloped as modules that are usually designed as self-instructionalunits for independent study containing same type of promti"sponse/reinforcement pattern. 
They are one component of multi-mediai xining kits that contain a variety of courseware such as audio-visuals,posters, skill manuals, handouts, trainer's manuals and ccaputer-based
instructional units.
 

A multi-media training kit for the course "Legume harvestmechanization" and Lecture Notes for the course "Insect control in foodlegumes and cereals" were developed this year. The feedback fromtraining participants was quite positive. Work will continue to developLecture Notes for a wide variety of courses. 

9.6. Chickpea Adaptation Workshop 

A workshop on the Adaptation of Chickpea in MM was jointly hosted byICARDA's LP and FRMP and the International Crops Research institute forthe Semi-Arid Tropics (ICRISAT) at ICARDA, Syria, from 9 to 12 Nov, 1992.Fifty-two participants from 11 NARS, ICRISAT and ICARDA, representingmultidisciplinary team of scientists, across biolcgical and socialsciences, participated in this workshop. Case studies on 11 countries(Algeria, Egypt, Ethiopia, Iran, Iraq, Jordan, Morocco, Sudan, Syria,Tunisia, and Turkey) were presented, providing an up-to-dateunderstanding of the problems and prospects of chickpea adaptation at the
national (micro) scale. 
 In the following sessions, paper on critique and
synthesis integrated the current knowledge at regional (agro-ecological)

and global scales.
 

After the presentation, papers were reviewed and revised, to theextent possible, by the authors and resource personnel from ICARDA adICRISAT, during two hands-on- workshop sessions. Maps prepared atICRISAT using Geographic Information Systems (GIS) oamputer software, 
were also reviewed. 

The editorial committee had the task of summarizing the globalscenario, identifying new potential areas for chickpea cultivation,in the current knowledge and listing priority 
gaps 

areas for future researchon biotic and abiotic constraints. Proceedings of the workshop will 
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in the form of a book jointly published byappear at the end of 1993 
Habib Ibrahim, S. Weigand and other scientists fromICRISAT and ICARDA.

-euNProgram 
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Research Associate 

Research Assistant 
Research Assistant 
Research Assistant 
Research Assistant 
Research Assistart 
Training Assistant 
Research AssiLtant 
Research Assistant 
Research Assistant 
Research Assistant 
Researth Assistant 
Researc. Assistant 
Research Assistant 
Research Assistant. 
Rasearch Assis+nt 
Research Assistant 
Research Asssitant
 

Senior Research Technician 
Senior Research TW1hnician 
Senior Research Technician 
Senior Research Technician (Terbol) 
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Moaiad Lababidi Senior Research Technician 

Raafat Azzo Research Technician 
Bunian A. Karim Research Technician 
Aida Djanji* Research Tecnnician 
Khaled Ei-Dibl Research Technician 
Hani Ei-Derbi* Research Technician 
Mohanred Ei-Sayed Hawilo* Research Technician 
Mohammed Kamel Issa Research Technician 
Mohamned I. El-Jasem Research Technician 
Siham Kabalan* Research Technician 
Nidal Kadah Research Technician 
Omar Labban Research Technichr, 
Muhammed Maarawi* Research Technician 
Abdel Rahim Osman* Research Technician 
Diab Ali Raya Research Technician 
Seta Unji Research Technician 
Joseph Karaki Research Technician (Terbol) 
Ghazi Khatib Research Technician (Terbol) 
Aida Naimeh Research Technician (Terbol) 

Mary Bogharian Secretary
 
Hasna Boustani Secretary
 
Nuha Sadek Secretary
 
Namuan Ajanji Driver 

Assad Omar El-Darwish* Fieldman 
Hussain Ei-Humeidi* Fieldman 
Abdulla El-Khaled* Store Attendant 

* Left during the year 


