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Established in 1977, the International Center for Agricultural Research in the Dry 
Areas (ICARDA) is governed by tn independent Board of Trustees. Based m 
Aleppo, Syria, it is one of 18 center:, supported by the Consultative Group on 
International Agricultural Research (CGIAR), which is an international group of 
representatives of donor agencies, emincnt agricultural scientists, and instilutional 
administrators from d:vclopcd and developing countries who guide and support its 
work. 

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

ICARDA focu:,es its research efforts on areas with a dry summer and 
where )rccipitation in winter ranges from 200 to 600 mam. The Center has a world 
respo',sibility for tie improvement of barley, lentil, and faba bean, and a regional 
responsibility-in West Asia and North Africa-for the improvement of wheat, 
chickpea, and pasture and forage crops ald the associated farming systems. 

Much of ICARDA's rcsearch is carried out on a 94,R-hcctare farm at its 
hcadquartcis at Tel I ladya, about 35 km southwest of Aleppo. ICARDA also 
manaes other sites where it tests material under a variety of agroccological 
conditions in Syria and Lebanon. However, the full scope of ICARDA's activities 
can 'e appreciated only when account is taken of the cooperative research carried 
out with manly countries in West Asia and North Africa. 

The results of research are transferred through ICARDA's cooperation 
with national and regional ,escarch institutions, with universities and ministries of 
agriculture, and through the technical assistance and training that the Center 
provides. A range of training programs are offered extending from residential 
courses for groups to advanced research opportunities for individuals. Fhese 
efforts are supported by seminars, publications, ard by speci lized 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. Due to the tight production 
deadlines, editing of the report was kept to a minimum. 



Preface
 

Rainfed farming in the West Asia and North Africa (WANA) region is 
domina -ed by cereals grown with little fertilizer input. Because of 
growin, population and increasing demand for food and feed, the cereal
fallow rotation is being replaced by continuous cereals endangering the 
sustainability of the production system. Increased areas of cool-season
 
annual forage and food leguns can improve t.he flow of atmospheric 
nitrogen into the production system, augment protein-rich food and feed 
resources and break the nutrient depletion and pests and disease cycle, 
thereby increasing the productivity of cereals and livestock in a 
sustainable manner and reducing the threat Ero ,-.nvL-ojmntal degradation. 
In this context, the objective of the Lequzn Picram (LP) is to increase 
the production of annual forage and food lequmas though the development 
of a range of legume ultivars of different species, adapted to specific 
niches in the cropping systems, with high yield potential, nitrogen fixing 
ability and stress resistance and improved production practices, through
 
cooperative research with national programns.
 

Vetches, and chickiings being key annual forage legumes and lentil, 
chickpea, faba bean and dry pea important food legumes adapted to rainfed 
areas of WANA, LP continued its research th-ust on these legumes during 
1991/92. The results are presented in this volume. The process of 
transfer of faba bean improverent research to INRA, Morocco was completed
 
and a North African Faba Bean 
 Research Network established to erure that
 
the benefits of post of bean
ICARDA's achievements faba i:ip2-ovemient are 
fully realised by the national pror-ams concerned. Research on kabuli 
chickoea was partly supported by and jointly conducted with ICRISAT. 

We are grateful the Ministry for Economicto Federal Cooperation 
(BMZ), and the Agency for Technical Cooperation (GTZ), Germany for 
providing restricted-core ftunding to support research on vetches, 
chicklings, dry pea, lentil and faba bean. Much of the research work 
reported here has been possible because of the collaborative efforts of 
our colleagues in inthe national programs ANA and elsewhere, to whom we 
are indebted.
 

M.C. Saxena 

Leader, Legume Program
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I.I. General 

The aim of Legume -Program is to e-ncourage and support national efforts, in 

West Asia and North Africa (WANA) and other developing countries with 

similar ecologies, in improving the productivity and yield stability of
 

cool-season food legumes (lentil, chickpea, [aba bean and dry pea) and 

annual fped legumes (vetches and chicklings) and enhance their role in 

increasing the sustainable productivity of cereal-based, rainfed farming
 

systems. Research was continued with this aim during the 1991/92 season. 

The process _f devolution of ICARDA's faba bean improvement research 

to INRA, Morocco was completed by handing over all the breeding material,
 

research supply, laboratory facilities and field equipment to the faba 

bean improvement team of INTkA at Douyet Research Station near Fes. The 

Federal Ministry of Economic Cooperation (BMZ), Germany approved a 

fir ancial grant for the 'North African Faba Bean Imp. ovement Research 

Network' to ensure continuity of faba bean improvement teams in North 

Africa. The German Agency of Technical Cooperation (GTZ) was designated 

as the executing agency for this project with INRA, Morocco playing the 

lead role in the coordination of network activities. At the request of 

and the fund support from GTZ, a workshop was organized by ICARDA at Tunis 

15-17 July, 1992 to formllly launch this regional network and develop 

detailed workplan for the first phase of the project. Senior research 

managers and faba bean scientist from all the four North African countries 

participated in this workshop along with representations frm =TZ and 

ICARDA. A second meeting to plan details of the first season's activities 

was held in August 1992 in Morocco. (7TZ has appointed a network 

coordinator to work close] y with INRA, Morocco faba bean team in ensuring 
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implementation of agreed workplan.
 

Consistent with the center-wide strategy of focusing on the dry areas, 

research efforts on legumes adapted to dry environments were increased. 

LP researchers worked with scientists from other programs as well as the 

national program scientists in multidisciplinary teams. Research on 

kabuli chickpea was conducted jointly with the International Crop Research 

Institute for the Semi-Arid T"ropics (ICRISAT), which has posted a 

Principal Chickpea Breeder at ICTPDA. Collaboration with institutions in 

*he industrialized countries on basic research continued. 

During the season there were several staff mrfvemtents. The Senior 

Training Scientist left the Program in April 1992 to join the 

International Center for Research in Agroforestry (ICRAF). The Principal 

Chickpea Breeder proceeded on sabbatic leave at the University of Western 

Australia, Perth in September 1992. A Molecular Biologist joined the 

program in March 1992. The Forage Legume Breeder returned frm sabbatic 

leave in July 1992. 

Research on lentil, kabuli chickpea, dry pea, chicklings and vetches 

was mainly centered at the Tel Hadya site of ICRDA, but good use was also 

made of other testing sites in Syria (Breda and Jinderess) and Lebanon 

(Kfardan and Terbol). Sunmer nurseries were raised at Terbol for lentil 

and chickpea for additional generation advancement. Research sites of 

several national programs were used, jointly with national scientists, for 

strategic research on developing breeding material with specific 

resistance to some key biotic and abiotic stresses because of the presence 



3
 

of ideal screening conditions there. 

1.2. Weather Conditions
 

The weather conditions during the season at the ICARDA sites in Breda, 
 Tel 
Hadya, Jinderess and Terbol are depicted in Section 11. The long-term 

average seasonal total rainfall at these sites is 280, 350, 470 and 600 
m. During the 1991/92 season the total seasonal precipitation received 

was around the long-term average in Syria but above-average at Terbol with 
263, 353, 428 arl 860 rim received at the end of June at Breda, Tel Hadya, 

Jinderess and Terbol, respectively. The rainfall at Jinderess was on the 
lowr side. A].xo the distribution of rainfall at Tel Hadya was not ideal: 
nearly 310 mm was received till end of February and the remaining 43 mm 
during the later period; this adversely affected the productivity of the 
spring chickpea. 
The winter in 1991/92 was colder than average with 63,
 

53, 50 and 84 frost nights recorded at Breda, Tel Hadya, Jinderess and 

Terbol, respectively. The minimum temperature dropped to -8.8 0C at Tel 
Hadya, which permitted good screening of legume material for cold 
tolerance this season. The rise of temperature was rather sharp from end 
of March at all Syrian sites accentuating open-pan evaporation and drought 

stress. 

1.3. Achieveamets
 

A summary of the major achievements of the program in research, training 

and networking activities during the 199/92 season in given below: 

1.3.1. Kabuli Chickpea 

Yields of chickpea are low and unstable in WNA, but improvement is 
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possible through the adopticrn of winter sowing in low altitude regions. 

Trials at three ICARDA sites (Tel Hadya, Jinderess and Terbol) for nine 

years (1983/84 to 1991/92) with more than 100 newly bred lines per year 

have shown that winter-sown chickpea produces 61% or 616 kg/ha higher 

yield than spring-sown chickpea. The yield increase from winter sowing 

rises to 123% with the top 10% yielding genotypes. Winter sowing is 

expa:iding in WANA with the area estimated &t 65,000 ha for 1991/92. 

National programs have made good use of ICARDA er anced germplasm. 

Seven cultivars including one in France (Roye Rene), TIW in Morocco 

(Douyet and Rizki), one in Pakistan (Noor 91) and three in Turkey (Aydin 

92, Izmir 92 and Menemen 92) were reported released in 1992. Fourteen 

NARSs have selected 42 lines for pre-release multiplication and/or on-farm 

trials. Evaluation of 357 Ascochyta blight-resistant breeding lines, 19
 

germplasm lines and 4 high yielding lines under diseased and disease-free 

conditions revealed that breeding lines produced 33% higher yield than 

geriplasm lines, that high yielding susceptible lines produced zero yield 

in diseased field, that some breeding lines yielded >4 t/ha and that with 

a unit increase in the disease severity rating the yield reduced by 437 

kg/ha. 

Ascochyta blight-resistant lines combining high yield and early 

maturity (FLIP 90-98C, FLIP 91-22C, and FLIP 91-46C) and high yield and 

large-seed size (FLIP 91-2C, FLIP 91-24C, t'LIP 91-50C, ald FLIP 91-54C) 

have been bred. In the project for the transfer of genes for resistance
 

to cyst nematode from 'icer reticlatum and to cold from Cicer 

echinosoermum and C. reticulatum, to cultivated Cicer species, progress 
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made until 1992 suggests that in three years time, gene transfer is 

expected. A sinple, reliable field screening technique for evaluating 

germplasm lines to drought tolerance has been developed. Evaluation of 

1000 germplasm lines using this technique revealed that FLIP 87-51C and 

FLIP 87-58C were drought Lesistant.
 

Progress has been made in the application of non-radioactilre DNA

marker techniques for variety identification, in following the resistance 

to Ascochyta blight, and for studying variabiiity in Ascochyta rabiei. 

Studies on the cmpnonts of host resistance to Ascochyta blight have 

snown presence of different mechanisms of resistance in different 

genotypes. Variations in latent period, sporlation, lesion expansion 

rate and resistance to stem breakage can all affect field performance of 

a chickpea cultivar when disease epidemics develop.
 

ClJ.ckpea entomology studies showed that winter-sown chickpea had low 

leafminer, but high podborer damage, whereas in spring-sown chickpea the 

reverse ,..as true. Neem extract effectively reduced damge from pod borer 

and leaf rining. Parasitoides of leatminer were present in high numbers 

when l afminer populations peaked. Studies on mechanism of resistance 

sh--wed that amount of malic acid in leaf exudates and leaf area were 

related to resistance.
 

The proportion of plant nitrogen coming from symbiotic nitrogen 

fixation increased when the chickpea plants were inoculated with superior 

rhizobia in the presence of native rhizobia, although there were no 

increases in yield. The iplications of these findings in the systems 
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perspective are far-reaching in view of the preservation of soil nitrogen. 

1.3.2. Lentil 

Average lentil yields are low because of poor crop management and the low 

yield potential of the land races. In sane areas diseases are also a 

major constraint to production. Accordingly an integrated approach to 

lentil improvement is being pursued covering developnt of inproved 

technology and genetic stocks. Approximately 250 crosses -re made 

annually and handled in a bulk pedigree system using off-season generation 

advancement at Terbol. Segregating populations targeted for the different 

regions are distributed to national programs for selection and cultivar 

development in situ. A total of 27 cultivars have been registered by 

national prcgramns in 20 countries so far, of which two were registered 

during 1992. A large number of lines have been selected for pre-release 

multiplication or on-farm trials: 15 in the editerrancan region, four in 

the high elevation region, 12 in the southern latitude region, four in 

Argentina, five in Australia and two in China. 

A screening method has been developed in the field using a wilt-sick 

plots and genotypes identified with resistance to the Fusaxium wilt 

disease. Sources of resistance identified are being disseminated to NARSs 

in Lhe International Legume Testing Network. Sae of the sources of 

resistance have a high yield potential in luwland Nditerranean 

environments and are in joint tests with the national p.-xzram on farmers' 

fields in wilt-infested areas in Syria. Screening of lentil genotypes for 

resistance to Ascochyta blight has revealed that lines ILL 358 and ILL 

5684 are resistant at most of the locations and could be used in the 
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breeding program. Studies have been initiated for developing screening 

techniques for cold-hardiness in collaboration with the Turkish national 

programs. 

Evaluation of 121 wild lentil accessions for different agronomic 

traits led to the identification of two accessions of L. culinaris subsp. 

orientalis that were faster to flower and mature than the earliest 

cultivated check ILL 4605. This precocity will be of value in the crop 

improvement work. 

In a collaborative project wiih the Washington State University, RAPD 

(random amplified polymorphic MNA)- markers are being used to establish 

linkage to agroncic traits. DNA-fingerprinting is being used for 

detecting scraclcnal variations in the plantlets derived from motherplant 

by tissue culture. 

Studies on symbiotic nitrogen fixation revealed that at lower moisture 

supply, lentil had a large proportion of its total nitrogen coming from 

fixation than chickpea. As the moisture supply was raised to attain high 

yield levels the percentage of plant nitrogen coming from fixation 

levelled off at 66%, whereas in chickpea it continued to increase. These 

observations reinforce the regional practice of growing lentil under the 
drier environments, and switching to chickpea when rainfall increases to 

around 400 mm. Results froa multi-location tests confirmed the 
effectiveness of Prcunet seed treatment for Sitona control. The results 

will be verified in the on-farm trials in the coming season. 



1.3.3. Forage Legumes
 

Development of forage legume cultivars as an economic alternative to 

fallow for use in rotation with barley in drier areas received the major 

emphasis in this project. Narbon vetch and coamn chickling, proved more 

drought tolerant than other species giving a yield of 1.50 t and 1.26 

t/ha, respectively, at Breda where total seasonal piecipitation was only
 

263 mm. Procress was made in incorporating shattering resistance in 

common vetch and five superior families with 95-97% non-shattering pods
 

were selected as against 60% pod shattering in the original lines. 

Studies cn breeding for reduced neurotoxi: (BOAA) content in common 

chicklings continued. 

Studies on the use of underground vetch as a self-reseeding pasture 

plant showed the promise of this species for use in ley-farming. The 

yield of dry herbage of self-regenerated vetch from 1988/90 seeding was 

nearly 3.5 t/ha at 50% flowering in the 1991/92 season. The M4roccan 

national program identified one line of narbon vetch (577/2391) and one ot 

coamn vetch (709/2603) for the catalogue trial and the Iordan rrational 

program a ccmmn vetch (715) as promising for pre-release multiplication. 

A simple field method of screening crops and genotypes for drought 

resistance with two drought '.ntensitiescreated by supplemental irrigation
 

was found effective in discriminating drought tolerance amongst forage 

legume species and cultivars. Amongst the feed and food legunes tested,
 

narbon vetch was most drought tolerant. The POAA content in chickling 

increased as the intensity of drought increased.
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Screening of promising folage legume accessions against foliar 

diseases helped in the identification of 4 lines of narbon vetch showing 
resistance to powdery mildew and Botrytis blight. Also resistnt sources 
for cyst nematode were identified in Vicia sativa and V. hvbrida. Sitona 

c,'initus caused 75% nedule damage in Vicia villosa ssp. j----g pa at two 
locations in northwest Syria. Seed treatment with Prmt increased seed 

and biomass yield. 

1.3.4. Dry Pea 

Sixty-one new accessions were evaluated in the preliminary yield trial at 
Tel Hacya and Terbol and the best entries were advanced to the Pea 
International Adaptation Trial. Evaluation of cold tolerance of 438 lines 
at Tel Hadya, where the prevailing weather conditions were ideal for cold 
tolerance screening, revealed Lat. 31 lines were tolerant and presence of 

anthocyanin pigmantation was generally associated with cold. 

1.3.5. International Nurseries
 

A total of 1050 sets of 34 
 different nurser'es of chickpea, lentil, pea,
 
chicklings and vetches were 
distributed to 160 cooperators in 55 countries 
for the 1992/93 season. Several cooperators requested a large quantity of 
seed of elite lines, 
 identified by them from the international
 

nurseries/trials, for on-farm verification trials.
 

1.3.6. Training and Networking 

Group training was conducted at ICARDA in the form of short specialized 

training cours,-s, besides the in-country and sub-regional training 
courses. Specialized courses at ICARDA included: 'Disease Control', 
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'Insect Control', 'Advanced Breeding Methodologies', 'Mechanical 

Harvesting' and 'DNA Molecular Marker Techniques'. In-country and 

subregional courses covered 'Winter Chickpea Technology Transfer' in 

Algeria, 'Legume Seed Prcduction' in Egypt, 'Use of Coiiter in Breeding' 

in Turkey, 'Computer Application in Multilocation Testing', in Egypt, 

'Lentil and Cnickpea Production Technology' in Turkey and 'Fcod Legume 

Improvement' in Lebanon. A total of 206 participants received training in 

the improvement of lentil, chickpea, faba bean, pea, vetches and 

chicklings through these courses. As a part of the degree-oriented 

training 8 students (4 for M.Sc. and 4 for Ph.D.) started their thesis 

research in the Program. 

Travelling workshops were organized in Egypt, Ethiopia, Sudan, Syria 

and Turkey. Joint training, travelling workshops and regional 

coordination meetings enhanced interaction and encouraged networking. 

A vtrkshop on the 'Adaptation of Chickpea in WANA' was organized at 

ICARDA, 9-12 November 1992, in which scientists from eleven national 

programs in WANA participated. The proceedings will be publishad. The LP 

was also heavily involved in organizing the 2nd International Food Iegune 

Research Conference, 14-16 May in Cairo, Egypt. 
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2. XABULi cnCKME Dg VEM 

The kabuli chickpea improvement is a joint program with ICRISAT Center, 

India. The main objective of the pr-gram is to increase and stabilize 

kabuli chickpea prxduction in developingthe world. Of the four 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 two main production regions (Indian subcontinent and 

East Africa) is also devoted to production of the kabuli type. In West 

Asia-North Africa (U-JA) region kabuli cnickpea is also grown in high 

elevation areas (>1000 m Above level) insea especially Turkey, Iraq, 
Iran, Afghanistan and the Atlas rountains. Ascochyta blight and Fusarium 

wilt are the two major diseases of chickpea. Leaf miner in the 

Mediterranean region and pod borer in other regions are major insect 

pests. Kabuli chickpea is mainly grown as a rainfed crop in the wheat

based farming system in areas ieceiving between 350 nmn and 600 m annual 

rainfall in WANA. in Fgypt 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 &-te from spring to early 

winter. There are indications that increasing plant density and redu ing 

row width also increase yield significantly, especially during winter 

sowing. Winter sowing allows the chickpea crop to be harvested oy 
machine. Major efforts are underway to stabilize chickpea productivity by 

breeding cultivars resistant to various stresses, such as diseases 

(Ascochyta blight and Fusarium wilt), insect pests (leaf miner and pod 
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borer), other parasites (cyst nematode and Orobanche crenata Forsk.), and 

physical stresses (cold and drought). Efforts are also underwdy to 

collect basic informition for generating input-respcnsive cultivars, 

especially those which respond to application of phosphate fertilizer and 

supplenental irrigation. Exploitation of wild Cicer species for transfer
 

of genes for resistance to different stresses is also receiving high 

priority. DNA fingerprinting for studying variability in Ascochyta rabiei 

is another piece of research being pursued with great promise. 

During 1992, several collaborative projects operated. In the project 

"Development of chickpea germplasm with ccnbined resistance to Ascochyta 

blight and Fisarium wilt using wild and cultivated species", four Italian 

for cyst nematodeinstitutions collaborated with ICARDA. The screening 

was carried out cn associaticn with the Istituto di Neomtologia Araria, 

C.N.R., P-in, Italy. Rlusarii,,n wilt resistant-, screeninq was done in 

Cordo a,Sin andassociation with the l6ctnimto do atolcqia Vet-al, 

!N~AT, [hncs a. Screeni ng to tol,-anc,, to cold was do in ccxDperation 

with agr io itru:!, I c.sa roh in icrkoy. Gonetics of phosphate-ltct Oti 

uutake was hn ati on with University of }ohenheim,i :m'st igateci asro> Unhe 

Genmany. A pr-qram on rU-t ' ion bro,.ding wao conducted jointly with the 

Nuclear Institut. for AgriouIttal Biolc{y, lai salahad, Pasistan. The 

University of Saskatchewan, Ganada is collabrating in studies geneticon 

diversity in kabuli chickpra. Studies on tiymchanism of drought and cold 

resistance and sci-. as u<cts of hiolcfjical nit.ro-pn fixation are being 

conducted in collaboration with INRA, rVntlplier, France. Studies on 

leaf miner resistance and application of restriction fragmoint length 
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polymorphism (RFLP) in characterizing chickpea genotypes and Ascochyta 

rabiei isolates are carried out, respectively,in collaboration with the 

Max Planck Institute and University of Frankfurt, Germany. Survey on 

chickpea usage in Syria is being done with the University of Aleppo, 

Sy-ia. 

2.1. Chickpea Breeding
 

The objectives of the breeding are to 
(1)prcduce cultivars and genetic
 

stocks with high and stable yield, (2) develop segregating populations and 

materials for crossing programs to support National Agricultural Research 

Systems (NARSs) and (3) conduct strategic research to support work on 

gernlasn improvement. Specific objectives in the development of irrproved 

gernplas for different regions are:
 

1. Mediterranean reqion: (a)for winter sowing: resistance to Ascochyta
 

blight, tolerance of cold, suitability for machine harvesting, medium
 

to large seed size 
(30% of resources); 
(b) for spring sowing: cold
 

tolerance at seedling stage, 
resis-ance 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, tosmall 

medium seed size, response to supplemental irrigation (20% of 

resoutrces) ; 
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3. 	 Latin America: resistance to Fusarium wilt, root rot and viruses, 

large seed size (5%of resources); 

4. 	 High elevation areas: for 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. 	 Sigh 

2.1.1. Use of ]Improved Germplasm by NARSs 

2.1.1.1. International nurseries and breeding lines 

During 1992, based on specific requests, 20578 chickpea entries were 

furnished to 46 countries. Eighty-three percent of the matrial was 

furnished to the developing countries and the remaining 17% to the 

industrialized countries (Table 2.1.1). The demand came from all 

continents, from Chile to China and from Canada to Australia-New Zealand. 

The demand for international nurseries increased by 11%, indicating the 

usefulness of the chickpea material to NARSs. Overall, 14% more entries 

were supplied over 1991. Despite our encouragement to national programs 

to accept more of segregating and crossing block materials, the demand for 

the finished material is on increase, suggesting that breeders have found 

ICRISAT-ICARDA chickpea lines useful for their direct exploitation. The 

kabuli chickpea network is well established among chickpea scientists. 

K.B. 	 Singh, R.S. Malhotra and M.C. Saxena 
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Table 2.1.1. Nunber of entries furnished in the form of international 
yield trials and nurseries and breeding lines during 1992. 

Country Trial and nursery Breeding Total 
No. of sets of No. of 
 line entries
 
trial/nursery entries (no.) (no.)


Afghanistan 5 
 223  223 
Algeria 41 
 1487 8 
 1495

Argentina 2 
 96  96
Australia 
 8 260 100 360

Bahrain 
 1 31  31
Bhutan 10 316 
 316
 
nolivia 
 4 167 
 - 167
Rulgaria 3 87  87 
Canada 
 8 262 
 136 398

C-ile 6 
 530 
 - 530

China 
 1 31 
 - 31
 
Colombia 
 4 125  125 
Cyprus 
 2 86  86
Egypt 7 187 - 187
Ethiopia 9 318  318
 
France 
 - 7 7
Greece 
 4 150  150
 
India 
 62 2340 
 95 2435
 
Iran 
 23 971 
 - 971

Iraq 
 6 199 
 - 199
 
Italy 23 
 896 
 139 1035
 
Japan 
 - 11 11
Jordan 12 
 560 2 
 562

Kenya 
 5 115  115

Kumait 1 23  23
Lebanon 
 6 246  246

Libya 3 
 87  87
Mexico 
 10 364 1 365
 
Morocco 
 11 402 - 402 
Nepal 2 
 79 
 - 79
New Zealand 
 4 92 
 - 92
Oman 
 2 46 
 - 46 
Pakistan 
 22 945 179 1124

Peru 4 142  142
Portugal 
 8 328  328
 
Russia 
 1 51 
 - 51
Saudi Arabia 6 
 171  171
South Africa 7 
 186 10 
 196
 
Spain 17 
 684 1075 1759
 
Srilanka 
 2 46 
 - 46

Sudan 8 245 - 245 
Syria 
 40 1682 
 - 1682

Thailand 2 71  '71
Tunisia 20 972  972

Turkey 57 
 2317 14 
 2331
 
U.S.A. 5 168 17 
 185

Total 484 
 18,784 1794 
 20,587
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2.1.1.2. On-famn trials 

Two chickpea lines were selected by the Directorate of Agriculture and 

Scientific Research (DASR), Ministry of Agricilture and Agrarian Reform 

from the ICARDA/ICRISAT international trials. Together with ICARDA they 

conducted researcher-managed on-farm trials throughout Syria during 1991

92. The number of locations were 13 (Table 2.1.2). The 1991/92 season 

had cold winter and wet spring. Weather conditions provided opportunity 

to evaluate entries for cold tolerance as well as resistance to Ascochyta 

blight. The two new entries were resistant/tolerant to both stresses. 

Both FLIP 86-5C and FLIP 86-6C produced marginally higher yields than the 

two checks, Ghab 1 and Ghab 2. But FLIP 86-5C and FLIP 86-6C have 50% 

larger seed size, the attribute in great demand in the ;NA region, and 

have tall grcwth habit facilitating combine harvest, an important 

attribute for a large scale introduction of winter chickpea.
 

Table 2.1.2. Seed yield and some other characters of chickpea entries in 
the or-farm trial conducted jointly by the Directorate of
 
Agriculture Scientific Research, Syria and ICARDA during 
the 1991/92 season. Disease and cold tolerance scores are 
based on evaluation at Tel Hadya. 

Entry Seed yield 100-seed Plant Days to Protein Ascochyta Cold 
(kg/ha) weight height flower content blight sn 

(g) (cm) (no.) (%) 

FLIP 86-5C 20 84 46 54 142 20.0 RT
 
FLIP 86-6C 19 77 41 51 132 19.8 RT 
Ghab 1 19 25 27 38 128 20.3 FRT
 
hab 3 19 31 29 43 131 20.2 RT
 

Location 13 10 13 10 8
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The ICRISAT-ICARDA Kabuli Chickpea Project was involved in the 

conduct of on-farm trials in nny countries including Algeria, Iraq, 

Jordan, Lebanon, Morocco, Tunisia, and Turkey. Our invclvement varied 

from full involvement in of trialsthe conduct (e.g. Lebanon) to only 

providing advice (e.g. Turkey). Results have been encouraging as is 

clear from a large number of release of culti ars and their adoption. 

NARSs scientists and K.B. Singh 

2.1.1.3. Pre-release nultiplication of cultivars
 

Fifty-two lines have been chosen by 14 NARSs frcm the ICRISAT/ICARDA 

international trials 
for the pre-release multiplication and on-farm
 

tests tTable 2.1.3). Barring three selections from germplasm 

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

Country 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, 80TH 177 

China FLIP 86-41C 
Cyprus FLIP 85-10C 
Egypt ILC FLIP202, 80-36C 
Iraq FLIP FLIP81-269C, 82-142C, FLIP 82-169C 
Jordan 
 ILC 496, FLIP 84-15C, FLIP 85-5C
 
Lebanon FLIP 85-5C, FLIP 84-15C
 
Libya ILC 484, FLIP 84-79C, FLIP 84-93C, FLIP 84-144C
Mexico ILC 482, FLIP 81-293C 
Morocco FLIP 84-145C, FLIP 84-182C 
Syria 
 FLIP 83-98C, FLIP 84-15C, FLIP 86-5C, FLIP 86-6C 
Tunisia FLIP 83-47C 
Turkey FLIP 81-70C, FLIP 82-74C, FLIP 82-161C, FLIP 82 -269C,

FLIP 84-15C, FLIP 83-31C, FLIP 83-41C, FLIP 83-47C,
FLIP 83-77C, FLIP 34-79C, FLIP 84-144C, FLIP 84-150C,
FLIP 85-13C, FLIP 85-14C, FLIP 85-15C, FLIP 85-60C, 
87AK 71112
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collection, all the remaining are developed through hybridization. All 

the new lines have resistance to Ascochyta blight, tolerance of cold 

and large seed size. If grown in winter, they attain a height of 

minimum of 40 cm and can be harvested by machine. Seeds of some of the 

prom-ising lines are being multiplied at ICARDA to met the potential 

demand of NARSs. 

NARSs Scientists, K.B. Singh, R.S. Malhotra and M.C. Saxena 

2.1.1.4. Release of cultivars 

During 1992, seven cultivars were released by four countries, namely 

France (1), Morocco (2), Pakistan (1) and Turkey (3) Table (2.1.4). 

NARSs in 17 countries have released 48 lines as cultivars from material 

furnished frcm ICARDA (Table 2.1.4). Thirty-eight of them have been 

released for winter sowing in the Mediterranean region, seven for 

spring sowing including two in China, two for winter sowing in more 

southerly latitudes to be sown with irrigation, and one in Pakistan. 

Noor 91, the cultivar released in Pakistan during 1992, replaces Pb 1 

which was released in 1933. 

MWRSs Scientists 
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Table 2.1.4. Kabuli chickpea cultivars released by different national 
programs.
 

Country Cultivars Year of Specific features 
released 
 release
 

Algeria ILC 482 1988 High yield, wide adaptat-ion
ILC 3279 1988 Tall, high yield
FLIP 84-79C 1991 Cold tolerant
 
FLIP 84-92C 1991 Large-seeded


China ILC 202 
 1988 High yield, for Ginghai pr.
IW 411 1988 High yield, for Ginghai pr.Cyprus Yialousa (ILC 3279) 
 1984 Tall, cold tolerant
 
Kyrenia (IIW 464) 1987 
 Large-seeded


France TS1009 (ILC 482) 1988 high yield, cold tolerant 
TS1502 (FLIP 81-293C) 1988 High yield
Roye Rene (FLIP84-188C) 1992 Cold, High blight resistance


Iraq ILC 482 
 1.991 High yield, wide adaptation

LC 3279 
 1991 Tall, cold tolerant
 

Italy Califfo (ILC 72) 
 1987 Tall, high yield

Sultano (1LC 3279) 
 1987 Tall, high yield

Jordan Jubeiha-2 (LC 48- 1989 
 High yield, wide adaptation

Jubeiha-3 (ILC 327 
 1989 High yield, tall


Lebanon 
 Janta 2 (I1C_ 482) 1989 High yield, wide adaptation

Morocco 1LC 195 
 1987 Tall, cold tolerant
 

ILC 482 
 1987 High yield, wide adaptation

Douyet (FLIP 84-92C) 1992 
 Large seed, blight resistance
 
Rizki (FLIP 83-48C) 
 1992 Large seed, blight resistance
Oman 1LC 237 1988 Irrigation responsive


Pakistan Noor 91 (FLIP 81-293C) 1992 
 High yield, blight resistance 
Portugal Elm (ILC 5566) 1989 High yield


Elvar (FLIP 85-17C) 1989 High yield

,Jain Fardan (IW 72) 1985 Tall, high yield


Zegri (ILC 200) 1985 
 Mid-tall, high yield

Almrna (ILC 2548) Tall, high yield1985 
Alcazaba (ILC 2555) 1985 Tall, high yield
Atalava (LC 200) 1985 Mid-tall. high yield


Sudan Shendi 'IIC 1335) 1987 IrrLgation responsive

Syria 
 Ghab 1 (LC 482) 1986 High yield, wide adaptation


Ghab 2 (IIC 3279) 1986 
 Tall, cold toler,

Ghab 3 (FLIP 82-150C) 1991 High yield, wide a, .ptation


Tunisia Chetoui (IW 3279) Tall, high yield1986 

Kassab (FLIP 83-46C) 1986 Large-seeded, high yield
Anxcunl (Be-sel-81-48) 1986 17ge-seeded 
FLIP 84-79C 1991 High yield
FLIP 84-92c 1991 Large-seeaed, high yieldTurkey LC 195 
 1986 Tall, cold tolerant
 
GUnei Sarisi (LC 482) 19P6 
 Hinh yield, wide adaptation

Damla 89 (FLIP 85-7C) 1990 High yield, large-seeded

Tasova 89(PLIP 85-135C) 1990 High yield, large-seeded

Akcin (87AK71115) 1991 High yield

Aydin 92 (FLIP 82-259C 1992 
 Large seed, blight resistance
Menerren 92(FLIP 85-14C) 1992 Large seed, blight resistance

Iziir 92 (FLIP 85-60C) 1992 Large seed, blight resistance 
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2.1.2. Screening for Stress Tolerance 

2.1.2.1. Land races 

Screening of germplasm lines was initiated in 1978 for Ascochyta blight 

(Ascochyta rabiei [Pass.] Lab.), in 1979 for cold, in 1981 for leaf 

miner (Liriomyza cicerina Rond), in 1982 for seed beetle 

(Callosobruchus chinensis L.), in 1986 for cyst nematode (Heterodera 

ciceri Vovlas, Greco et Di Vito), in 1987 for Fusarium wilt (Fusarium 

oxysporum Schlecht. ennd Synd f.sp. ciceri (Padwick] Sryd. &Hans), and 

in 1989 for drought. Field screening techniques have been developed 

for Ascochyta blight, leaf miner, cold and drought. Wilt-sick plots 

developed near Cordoba, Spain and at Beja Station of INRAT, Tunisia are 

used for screening resistance against Fisariu n wilt. Laboratory and 

greenhouse screening techniTes have been developed for seed -eetle and 

cyst nematode, respectively. These technicques have been described in 

previous annual reports. The numbr of lines evaluated between 1978 

and 1992 for different stresses are shown in Table 2.1.5. The 1991/92 

evaluations included 27 lines for resistance to Ascochyta blight, 2024 

lines to cyst nenratode, 1000 lines to Fuasarium wilt, and i300 lines to 

drought. Tolerant lines identified to cold during 1990/91 were grown 

in cold nursery for confiltv:ion. Resistant sources have been 

identified for bocochyta olight, RIsarium wilt, leaf miner, cold and 

drought, but no source of resistance was found for seed beetle and cyst 

nematode. Resistant sources ha ve been freely shared with NARSs and are 

used in crossins hlry:ks. 

K.B. Singh, S. Weigand, M.C. Saxena, R.S. Malhotra, M. Cmar (ICAP!DA), 

N. Greco and M. Di Vito (Italy), R. Jhnenez-Daz (Spain), M.V. Reidy 

(ICRISAT) 
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Table 2.1.5. Reaction of chickpea germplasm accessions to sane biotic
 
and abiotic stresses at Tel Hadya between 1978 and 1992.
 

Scale Ascochyta Fusarium Leaf miner Seed Cyst Ccld Drou
blight wilt until beetle nematode ght i 

1990 19911
 

1 
2 
3 
4 
5 
6 
7 
8 
9 

0 
0 

10 
22 
9 

1444 
1833 
1185 

14867 

0 
2 
0 

26 
57 

155 
251 
584 

1547 

0 
0 
0 
8 

201 
509 

1167 
8 

3538 

0 
]9 
93 

148 
162 
68 
97 
5 
2 

0 
0 
0 
0 
0 

164 
185 

1551 
3253 

0 
0 
0 
0 

20 
0 

494 
1104 
7639 

0 
0 
3 

10 
1191 
1023 
1014 
2284 
3570 

0 
0 
1 

10 
106 
526 
290 
66 
1 

Total 19370 2622 5431 594 5153 9257 9095 1000 

Scale: 1 = free; 5= tolerant; 9 = killed. 
1 Preliminary evaluation, needs confirmation. 

2.1.2.2. Wild Cicer species 

Evaluation of eight annual wild Cicer species continued for the fourth 

year to identify sources of resistance to different stresses. The 

highest susceptibility rating from the four-year evaluation of a line
 

has been taken as the actual rating for that line. The results are 

summarized in Table 2.1.6. The evaluation during 1991/92 included 49 

new accessions for resistance to cyst nematode and 31 lines to leaf 

miner. Sources of resistance were found for Ascochyta blight, Fusarium 

wilt, leaf miner, seed beetle, cyst nematode, and cold. Wild species 

were the only source of resistance so far found for seed beetle and 

cyst nematode and 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. biju , 

while C. yamashitae was the least inportant. There is a need to 

evaluate the accessions for resistance to other important stresses such 



Table 2.1.6. Reaction of germplasm accessions of Cicer spp. to some biotic and abictic stresses at Tel Hadya,
 
Syria from 1987/88-1991/92.
 

Scaie Blight F. wilt Leaf rrner Seed beetle Cyst nematatode Cold 
No. species No. species No. species No. species No. species No. species 

1 0 0 72 1,4,5,6,7 2 2,6 20 1,3,4,5,7 3 6 0 0
 
2 1 2 0 0 36 1,2,3,5,6,8 12 1,5,6,7 1 0 25 1,7
 
3 4 1 7 1,5,7 36 1,4,5,6,7 4 1,7 17 1,6,7 38 1,4,5,6,7
 

4 2 5,6 15 1,5,6,7 33 1,4,5,6,7 3 1,6,7 0 1 34 1,4,5,6,7
 
5 22 5,6 6 5,6,7 61 1,5,6,7,8 3 3,5 28 1,7 13 6,7
 
6 29 1,5,6 4 5,6 26 1,4,5,6,7 8 1,5,7 0 1,8 7 5,6,8
 

7 24 1,4,5,6 4 6 23 1,4,5,6,7,8 18 2,4,5,7 49 1,2,3,4,5,7,8 8 2,5,6,8
 
8 30 4,5,6,7 0 0 1 8 52 2,5,6,7,8 0 1,5,6,7,8 8 5,6,8
 
9 &1 2,3,4,5,6,7,8 5 6 3 1,8 10 5,6,8 144 2,3,4,5,6,7,8 62 2,3,5,6,7,8
 

Total 193 113 231 130 241 195
 

a Scale: 1 = free; 5 = intermediate; 9 = killed/complete damage.
 
b Species code: 1 = C. bijucum; 2 = C. chorassanicum; 3 = C. cuneatum; 4 = C echinospermum; 5 = C. iudaicn;
 

6 = C. pinnatifidum; 7 = C. reticulatum; 8 = C. vamashitae. 
c Evaluation for wilt was done at Istituto Sperimentale per la Patologia Vegetale, Rome. 
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as drought and to collect additional accessions for evaluation. 

K.B. Singh, S. Weigand, M.C. Saxena, R.S. Malhotra, 0. Tahhan (ICARDA), 

M.V. Reddy (ICRISAT, India), A. Porta-Puglia, N. Greco and M. Di Vito 

(Italy) 

2.1.2.3. Listing 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. These have been used in breeding programs at ICARflA and NARSs. 
Differential disease race-patterns caused some lines to be resistant at 

ICARDA but susceptible elsewhere. 

Table 2.1.7. Sources of resistance in cultigen to biotic and abiotic 
stresses identified between 1978 and 1992. 

Stress Source of resistance 

Ascochyta blight ILC 72, IC 182, ILC 187, ILC 200, ILC 2380, ILC 
2506, ILC 2956, ILC 3279, ILC 3856, ILC 4421, ILC5586, ILC 5902, I1C 5921, ILC 6043, ILC 6090, ILC 
6188.
 

Fusarium wilt ILC 54, ILC 240, ILC 256, ILC 336, M1C 487.
 
Leaf miner 
 ILC 316, ILC 992, ILC 1003, ILC 1009, ILC 1216, 

ILC 2622, ILC 5594, ILC 5901.
 
Cold 
 ILC 1464, ILC 3287, ILC 3465, 11. 3470, ILC 5638,

ILC 5663, ILC 5667, ILC 5947, ILC 5951, ILC 5953,ILC 8262, ILC 482CT (Mut), ILC 482 (Mut) (M
17033).
 

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

N.B. No source of resistance was found for seed beetle and cyst
nematode. 
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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. judaicurn: ILWC 30-2, ILWC 30/S-I, ILWC 31/S-1; 
C. pinnatifidun: fLWC 30-I. 

F'usarium wilt 	 C. bjj.qa: 20; C. echinospemui: 4; C. judaicum: 
31; C. piLnnatifidum: 6; C. reticulatum: 11. Out 
of these: C. bijLuqM: ILWC 7-1, ILWC 8-3, ILWC 32 
-2; C. echinospeim~un: ILWC 35/S-I, ILWC 39; C. 
judaicm: ILWC 4/3, ILWC 20/S-I, ILWC 46; C. 
pinnatifidum: ILWC 22-2, ILWC 29/S-2; C. 
reticulaturn: 1LNC 21-14, ILWC 36/3. 

Leaf miner 	 C. chorassanicmu: ILWC 23/3; C. cuneatum: ILWC 
37/7; C. judaicum: ILWC 4/1, ILWC 4/3, ILWC 4/4, 
ILWC 20/3, ILWC 20/S-2, ILWC 31-2, ILWC 33/S-9, 
ILWC 33/S-10, ILWC 37/S-2, IIkJC 41/1, ILWC 43/1, 
ILWC 46; Cicer yamashitae: ILWC 3-2. 

Callosobruchus 	 C. biiuqun : ILWC 7-1, ILWC 7/S-5, ILWC 7/S-i1, 
chinensis 	 ILWC 7/S-12, TiJLC 7/S-14, IIWC 7/S-17, ILWC 7/S 

18, ILWC 8-3, ILMC 34/S-i; C. cuneatun: IUWC 
37/7; C. echinosper mm: ILWC jIS/S-i, ILWC 35/S-3, 
ILWC 39; C. judaicu: ILWC 3-1/2, ILWC 33/S-6, 
ILWC 33/S-8, ILWC 33/S-l0, I.WC' 38/S-2, ILWC 46; 
C. reticulatum: ILMC 21-1/1. 

Cyst nematode 	 C. bijuu: IIM.C 7-1, ILWC 7-2, ILWC 7-4, ILWC 
7/S-1, ILWC 7/S-3, IL)NC 7/S-4, ILWC 7/S-5, ILWC 
7/S-II, ILWC 7/S-12, IU4C 7/S-14, ILWC 7/S-15, 
IUWC 7/S-17; C. reticulatum: ILWC 21-1-3/2; C. 
pinnatifidum: ILWC 212, ILIC 213, ILMC 226, ILWC 
236.
 

Cold tolerance C. li-L um: ILWC 7-1, ILWC 7-2, ILWC 7-4, ILWC 
7/S-i, ILWC 7/S-3, ILWC 7/S-4, ILWC 7/S-5, ILWC
7/S-11, IILWC 7/S-12, 	 ILWC 7/S-13, ILWC 7/S-14, 

ILWC 7/S-15, ILWC 7/S-17, ILWC 7/S-18, II4C 8-4, 
ILWC 8/S-I, ILWC 8/S-3, ILWC 32-2, ILWC 42/1, 
ILWC 42/2. 
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Sources of resistance in 
 wild Cicer species for Ascochyta blight, 

Fusariuin wilt, min-r, beetle,leaf seed cyst nematode, and cold are 

given in Table 2.1.8. Whereas no line of cultigen was found resistant 

to two or more than two stresses, there were several accessions in wild 

Cicer species which were resistant to three or more stresses. A few of 

them are shown in Table 2.1.9. Tnese accessions may be very useful in 

hybridization program for the transfer of genes for resistance. 

Table 2.1.9. Sources of multiple resistance in wild Cicer species
identified at Tel Hadya, Syria.
 

Acc. Cicer Blight Wilta Leaf 
 Bruchid Cyst Cold
no. species miner nenm.
 

32 biju S R S 
 R R R39 echi nospermm S R R R S R46 judaicum S R R R S S62 bi LuqM R R S R R R73 biluq= 
 R R S R 
 R R
79 biiuqLm S 
81 ret iculatum S R 

R R 
R S 

R 
S 
R R 

R112 reticulatum S R S R S R181 echinosreimle S R S R S R236 tninnat ifidau S NE R NE R R 

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

K.B. Singh et al.. 

2.1.3. Gerplasm Enhancement 

The main objective of this project is to develop superior gernplasm for 

use in the breeding programs of NARS ICARDA. emphasisand The is on 

cold tolerance, Ascochyta blight resistance, combined resistance to 

cold and Ascochyta blight, and increased biomass.
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2.1.3.1. Cold tolerance 

F4, F5 and F6 generations of crosses between cold-tolerant lines of 

diverse origins were grwn during 1991/92. The winter was very severe, 

thus it provided an opportunity to select cold-resistant plants. 

Eleven, 14 and 39 plants were selected in F4, F5 , F6 generations, 

respectively. All these plants have cold rating of 3 which was as good 

as the two best germplasm from cultiqen, IC 82r;2 ;nd TTC 482M R it 

these plants are agronomically superior having early maturity and large 

seed size.
 

R.S. Malhotra and K.B. Singh 

2.1.3.2. Ascochyta blight resistance 

MUtation studies: An attempt was made to induce Ascochyta blight

resistance in two chickpea cultivars (ILC 1929 and IW 3279) to improve 

th! level of resistance for use in the breeding program. Both 

genotypes have good agroncmic qualities, but ILC 3279 is moderately 

resistant and ILC 1929 is highly susceptible to Ascochyta blight 

disease, taking a 3-4 and 9 ratings, respectively. One thousand seeds 

of ILC 1929 and ILC 3279 were treated with 40, 50, and 60 kR of gamma 

rays and with concentration of 0.1% or 0.2% of ethylmethane sulfate 

(EMS) at the Nuclear Institute of Agriculture and Biology, Faisalabad, 

Pakistan. The first three generations (MI to M3) were advanced in the 

disease-free conditions. The M4 generation was planted at the ICARDA 

farm in Tel Hadya in 1990/91. The chickpea field was inoculated first 

by spreading chickpea diseased-debris early in March which was 

supplemented with inoculations using spore suspensions of a mixture of 

pathogen isolates. Mist irrigation was applied to induce high humidity 
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for epidemic development. Susceptible check was 
used as a reference of 

a good disease development. 

Disease severity ratings were taken twice in the season on an 
individual plant basis. The first reading was taken at the vegetative 
stage for stem infection and the second reading at the podding stage 
for both stem and pod infection. Plants considered resistancewere 


when they received a disease severity rating 
of 3 or less on a 1-9 

scale. 

Seeds of the plants showing resistance to both stem and pod 
infections were harvested individually (0). In the 1991/92 season, 
half seeds from each resistant plant were sown in the greenhouse and 
the other half in the field in order to re-evaluate their resistance to 
Ascochyta blight. The t7 generation in the field was exposed to the 
blight epidemic as in 1991. In the greenhouse, seeds were planted in
 
pots in sterilized soil 
and young seedlings were inoculated with a
 
spore suspension of mixed isolates of the fungus. 
 The pots were kept 
under a clear polyethylene cover for one wee after inoculation to 
ensure proper conditionr3 for infection. Disease ratings were taken on 
indivdual plants in the greenhouse twice, first at the vegetative stage 
and then at the flowering stage. In the field, readings were also 
taken at vegetative, late flowering and poddirng stages. The last two 
readings were taken on both stem and pod infections. Results represent 
the final and highest disease rating scored in all experiments. 

No resistant plants were found among the 3274 plants of ILC 1929 
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studied in 1991. All of the 100 untreated ILC 1929 plants used as a 

check also showed ccplete susceptibility fron the firstLreading. Of 

the total 10,084 single mutated ILC 3279 plants testi, only 45 were 

resistant (Table 2.1.10). But at the final stem rating only 26 also 

had a p infectici rating of 53. Of the 115 ILC 3279 plants screened 

as nonmutant checks, only one plant was resistant (Table 2.1.10). 

Table 2.1.10. Frequency distribution of the disease severity ratings 
(DSR) on stems of the M4 generation of ILC 3279 plants 
exposed to mutations; field results of 1990/91.
 

Treatment a;SR Total 

1 2 3 4 5 6 8 9 

40 kR 0 0 10 239 875 712 190 36 17 2079
 
50 kR 0 0 10 154 715 1086 435 36 14 2450 
60 kR 0 0 ii 91 563 947 508 17 15 2152 
0.1% EMS 0 1 8 80 488 7C 380 16 5 1738 
0.2% RVIS 0 0 6 63 334 708 504 39 11 1665 

Total 0 1 45 627 2975 4213 2017 144 62 10084
 
Control 0 0 1 1 36 52 23 2 0 115
 

Out of the total 236 IMC 3279 mutant p1]nf t-sterl in the 

greenhouse in 1992, 150 plants were found resistant (DSR -3) after the 

last reading. However, only 5 plants of the selectedi M resistant 

plants of 1991 had all plants (Ms) resist-ant in the qreenhouse test 

(Table 2.1.11).
 

4 
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Table 2.1.11. Disease severity of some ILC 3279 mutated Ascochyta
resistant plants (M4) whose progenies (Ns) still showacceptable resistance levels in the field and greenhouse
in 1992 (disease in the N4 expressed as the highest
severity observed). 

Treatment Plant Field 1991 Field 1992 GLrt enkxise 
code 

Stem 
(N) 

Pod 
(N) 

Stem Pod 
1992 (N4) 

Stem 

4O kR 

50 kR 

60 kR 

3-11 
26-04 
82-14 
118-01 
121-06 
46-04 
97-21 

101-21 
58-15 

3 
3 
3 
3 
3 
3 
3 
3 
3 

2 
2 
2 
2 
3 
3 
3 
2 
3 

>4 
>4 
>4 
>4 
>4 
>4 
>4 
>4 
>4 

1 
1 
1 
1 
1 
1 
1 
1 
1 

- 4 
3 
3 
4 
4 
4 
3 
3 
4 

ILC 3279 
58-23 

Control 
3 
3 

2 
2 

>4 
>4 

1 
1 

3 
3 

In the field, only 31 plants out of 270 plants tested were 

resistant on plant-row basis. All ulants were resistant to pod 

infection. In the progeny rows of the resistant t 4 parents selected in 

1991 there were always some plants susceptible as Well as resistant 

(Table 2.].11) and the variation in the resistance level within the 

progenies of resistant t plants was cuite high. 

Comparing the different mtation treatiments, the 40 kR treatment 

seemed to have the most positive effect on the resistance level of the 

plants at the seedling stage although this effect was no bonger obvious 

at the later develcpental stages of the plants. 

The resistance screening conducted in 1990/91 and 1991/92 was on 

the M4 and N4 generation, respectively. Accordingly, more homogeneity 
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in the disease reaction was expected to be seen within the individuals 

coming fron the same resistant parent. The large heterogeneity in the 

disease reaction in the more advanced generation of the plants suggests 

that the observed and selected resistance in the field in 1990/91 was
 

actually a disease escape rather than true resistance. 

W. Ihoury and 	K.B. Singh 

Pyramiding of genes for resistance to Ascochyta blight: Five crosses 

between different parents resistant to Ascochyta blight have been made 

in an attempt to pyramid genes for resistance. Six F2 and 2 F3 

populations of crosses between resistant x resistant parents of diverse 

origin were grown in the Ascochyta blight nursery. Plants in each of 

these populations were bulk harvested and F3 and F4 bulks were advanced 

in the 1992 off-season nursery. The seed of and F5 gereration hasF4 

been produced. The F2, F4 and F5 generations will be grown in the 

disease nursery next season. 

2.1.3.3. Ccbined resistance to cold and Ascochyta blight 

In 1986, a project was begun to combine high level of resistance to 

cold and Ascochyta blight for use in breeding program. In the 1991-92 

season, the material sown in cold and Ascochyta blight nursery is shown 

in Table 2.1.12. The winter was very severe and it destroyed much of 

Table 2.1.12. 	 Reaction of chickpea material to combined resistance to 

cold and Ascochyta blight at Tel Hadya, 1991/92. 

Generation Sown 	 Selected
 

F6 130 progenies 8 plants 
F5 23 progenies 5 plants 
F4 17 progenies 18 plants 
F3 12 progenies 1 plant 
F2 6 bulks 5 bulks 
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material. Of the remaining, many prcgenies/plants succumb-d to 

Ascochyta blight. As a result, none of the progenies was resistant. 

Only a werefew plants resistant and 32 out of about 7300 plants were 

selected from F3 to F6 progenies. These will be reevaluated next 

se&on. The F2 generation was sown December,in hence plants were only 

exposed to Ascochyta blight epidemic. But blight killed a lot of 

plants. 

K.B. Singh and R.S. Malhotra 

2.1.3.4. Increased bicmass
 

In chickpea, one way to increase seed yield is through 
the increase in 

bicmass yield. A project was initiated thre2 years ago for this 

purpose. Under Tel Hadya condit:.ons biomass yield is seldcm higher than 

7 t ha " , therefore target was kept at 10 t ha " . Crosses are being made 

to increase the height
plant because 
plant height is positively
 

associated with the biomass. 
During 1991-92, eight crosses were made
 

in the main season and F2 seeds were produced in the off-season. In the 

main season, five bulksF2 were grown and tall plants were bulk 

harvested from two crosses. Three F4 bulks between tall x tall crosses 

were grown in the main seascn and selection for tall plants were made
 

from all crosses. The F3 and F5 bulks were grown in the 1992 off-season 

and seeds of F4 and F generation have been produced. 

M. Omar and K.B. Singh 

2.1.4. Improved Genxplasn for Meat-based Systen 

A bulk-pedigree method for breeding cold and Ascochyta blight resistant 

chickpeas was described in the program annual report of 1989 and the 
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second for breeding ccombined resistance to blight, cold and drought in 

the annual report of 1990. Both methods take full advantage of the 

off-season nursery and cultivars are developed in a period of four 

years. Following these methods a number of lines have been bred and 

shared with NARSs and have been released as cultivars. 

K.B. Singh 

2.1.4.1. Segregating generations 

During the 1991/92 season, 456 crosses were made, of which 267 were 

grown in the off-season during 1992. and F4 bulks were grown in theF2 

main season and F3 bulks in the off-season (Table 2.1.13). About 10,000 

Table 2.1.13. 	 Chickpea breeding material grown at Tel Hadya during 
winter and spring and at Terbol during off-season, 
1991/92. 

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

456
F0 

267
F1 

241 

F3 Bulk 169 -

F3 Prgxjeny 746 686 

F4 Bulk 

F2 Bulk 


386 14,865 

F5 (large) 200 8 10 
F5 Progeny (Early) 255 8 23 
F5 Prcgeny (W2si) 52 12 -

F5 Progeny (Others) 5811 752 288 
F6 Pr(o.geny (L-11ge) 222 18 
F6 Prcxgeny (Tall) 366 36 
F6 Pirg, ny (Early) 607 	 29 

-
F6 Proqeny (L~si) 234 100 


F6 Progeny (Others) 1808 60
 

Total:
 
F2 /F 3 /F 4 Bulks 796 14,865 -

F3/F4/F5/F6 Progeny 10,318 1566 	 464 



33
 

progeny r ws grcmn.were A total of 464 prunisirig and uvifotm F5 and 

progeniesF6 were bulked, grow" in the off-season and purified for 

multi-season evaluation. Due to infestation by wilt rcot rot cciplex, 

late naturity, and yor gnwth habit, 167 lines had to Lx- rejected, 

leaving only 297 for evaluation in the yield trials next season. 

The weather conditions of the 1991/92 season pe'nitted effective 

selection for cold tolerance and Ascochyta blight resistance.
 

K.B. Singh 

2.1.4.2. Yield performance of newly bred lines 

Three hundred and twelve newly-bred lines were evaluated in preliminary 

yield trials (PYI's) and 216 lines in advanced yil*id trials (AYl's) for 

yield at three locations (Tel Hadya, Jinderess aln.d 'rellx1) by sowing in 

winter and spring. Due to severe infestation of root -knlot neimtede in 

PYTs at Jindiress, all trials were discarded. Several lines were 

superior in yield over the check, although only a few were 

significantly better (Table 2.1.14) . The 1991/92 season favored spring 

chickpea bacause of very severe winter and wet spring. Consequently, 

winter chickpea produced a me-re 23.4% rimre yield thun spring chickpea 

against the average of 71% increase in yield over t he past eight years. 

K.B. Singh 

2.1.4.3. Performance of FLIP 88-85C in nultilocation tests in Syria 

Chickpea line FLIP 88-85C had an impressive yield p :foniance in Syria 

during the 1991,'92 winter season. It ranked first at six out of nine 

locations and ranked first in overall perfomunce. The mean yield of 
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this line was 3113 kg ha"1 with a range of 2088 to 4204 kg ha 1 (Table 

2.1.15). It outyielded the best check (Ghab 3) at all the nine 

locations and at four locations at significant level, producinq 28.8% 

more seed yield. These nine locations are spread all over Syria and 

had a very divergent agroclimatic conditions. FLIP 88-85C has a 100

seed weight of 35 g, excelling the check b, 20%. FLIP 88-85C is highly 

resistant to both Ascochyta blight and cold. It has been developed 

frci a cross ILC 629 x FLIP 82-144C 

Syrian National Scientists and K.B. Singh 

2.1.4.4. 	 Performance of blight-resistant lines under diseased and 

disease-free conditions 

During the 1990/91 season, 1344 blight-resistant br.eeding lines
 

developed between 1980 and 1989 were re-evaluated for resistance to 

Ascochyta blight by inoculating material with diseased debris 

supplemented by spore :spension prepared from six races. Results 

revealed that only 117 lines remained resistant (see details fran 

Legume Program Annual Report for 1991, pp 30-31). These 117 lines 

along with 240 lines, which were developed during 1990 and 1991, were
 

re-evaluated for yield under diseased and disease-free gxnditions 

during the 1991/92 season along with 19 blight-resistant gersplasm 

lines and 4 high yielding land races. Alpha design with 2 replications 

was adopted. The plot size was 2.5 m x 2 rows, 45 cm apart under 

disease-free condition and 1.75 m x 2 rows, 45cm apart in diseased 

conditions. The experiment was conducted in two separate fields. The 

disease-free condition trial was protected from Ascochyta blight by 

repeated spray of Bravo 500 and no disease developed here. 



Table 2.1.14. Performance of newly developed lines 
Hadya, Jindiress and Terbol, 1991/92. 

Lcation No. of Entries 
and season trials 
Tested Exceeding Signif. 


check 	 exceeding 
check 

Tel Hada-Winter 
 22 528 226 
 28

-Spring 22 
 528 41 1 


Jindiress-Winter 
 9 216 116 
 3

-Spring 
 22 528 35 
 0 

Terbol 

-Winter 
 22 528 231 
 26

-Spring 22 
 528 76 1 


Overall
 
-Winter -
-Spring 22 
 528 
 -


during 	winter and 

Yield (k/ha) 
NMean of Mean of 
location highest 

yield 

1782 2302 

1316 1826 


1837 2284 

1644 1978 


2369 3150 

1893 2519 


1996 	 

1618
 

spring 	sowing at Tel 

-Range for 
C.V. 	 LSD
 
(%) 	 (P<0.O5) 

(kg ha) 

8-27 289-889
 
9-19 243-778
 

U, 

8-17 342-644
 
8-13 265-531
 

9-33 425-1788
 
10-25 443-1-12
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Table 2.1.15. Performance of FLIP 88-85C chickpea at nine locations in 
Syria, 1991/92.
 

Yi1eld kl__nd rank Mean yield CV SE 
iocation FLIP 88-85C Glhab 3 (check) (kg/ha) of (%) ± 

24 entries
 
Yield Rank Yield Rank
 

Tel Had1a 2088 3 1580 18 732 11.9 119.0 
Jindiress 2633 3 1456 24 2038 22.7 267.1 
Izraa 3306 2 2204 23 2767 27.1 433.6 
Jellin 2674 1 2061 18 2193 13.6 171.7 
Homs 3921 1 3509 5 3223 13.8 256.3 
Hama 3825 1 2894 17 2988 11.2 192.5 
Ghab 4204 1 3538 15 3622 12.6 263.7 
Idleb 3241 1 2612 7 2441 21.1 297.3 
Heimo 2122 1 1889 2 1690 13.0 126.4 
Mean 3113 1 2416 19 2552 - -

Whereas the disease condition trial was inoculated with disease debris
 

supplemented by spore suspension spray prepared from a mixture of six 

races, here the disease developed in epidemic form. Observations were 

recorded on days to flower and riturity, plant height, biological 

yield, seed yield, and 100-seed weight under both conditions. In 

diseased plots, Ascochyta bliaht score on a 1-9 scale was recorded. 

Due to poor stand, data wre not collected on three lines. 

Results under diseased- and disease-free conditions could be 

ccxrpared with sare reservation because the crop had to be mist 

irrigated repeatedly in diseased-field to create the epiphytotic 

condition. Also variations in soil fertility in two fields cannot be 

ruled out. 
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Table 2.1.16. Summary of the performance of blight-resistant breeding

lines, blight-resistant gernplasm lines and high
yielding land races under diseased condition.
 

Character 
 No. of Mean Range C.V S.E. (+)
lines (%) 

Resistant breeding lines

AB 357 
 3.2 2.5-5.5 
 12.46 0.021
DFLR 357 
 139 133-147 
 2.05 0.151
CMAT 357 
 192 189-196 
 0.70 0.072
PLHT 357 
 49 30-70 14.67 
 0.38n
BYLD 357 
 4536 349-7982 
 26.76 64.240
SYLD 
 357 1812 193-3080 
 26.44 25.369
100SW 357 
 33 15-47 16.13 
 0.284
 

Resistant genplasm lines
 
AB 19 
 3.3 3.0-8.0 
 34.83 0.263
DFLR 
 19 140 138-146 
 1.88 0.604
EMAT 19 
 19i 189-194 
 0.68 0.299
PlHT 19 
 47 35-58 15.41 
 1.648
BYII3 
 19 3131 11-5201 
 52.94 380.312
SYLD 
 19 1363 34-2197 
 50.94 159.296
100SW 19 
 24 18-30 
 18.89 1.036
 

High yielding landracis
 
AS 
 4 
 7.4 4.0-9.0 
 31.06 1.145
DFLR 
 4 136 127-142 
 4.72 3.210
EMAT 
 3 192 191-193 
 0.56 0.617
PLHT 3 
 41 39-43 4.56 
 1.068
BYID 
 3 1146 0-3229 
 159.87 1057.57
SYLD 3 
 386 0-1275 200.18 
 446.271
100SW 
 3 31 
 26-36 16.80 2.968
 

AB = Ascochyta blight score, DFLR 
= Days to 50% flowering, 2MAT= Daysto maturity, PUIT = Plant height (cm), BYLD = Biological yield (kg/ha),SYLD = Seed yield (kg/ha), 100SW = 100-seed weight (g). 

The man seed yield under diseased condition was 1813, 2363 and 
"
 386 kg ha
1 for resistant breeding lines, resistant gerrplasm lines and
 

high yield - land races, respectively (Table 2.1.16). In the disease

free condition, the mean seed yield was 2698, 2141 and 2956 kg haI 
for
 

resistant breeding lines, resistant gernplasm lines and high yielding
 

land races respectively (Table 2.1.17). These results 
clearly
 

indicated that on average 33% 
irrprovement in yield has been achieved
 

over resistant gernplasm lines through breeding and that high yielding
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land races are not good under diseased conditions. 

Ten highest yielding breeding lines, one each highest yielding 

and races 	 disease-freegernplasm line land under diseased and 

are shown in Table 2.1 18. There is a clear improvement inconditions 

yield through breeding over resistant parental lines and land races. 

Under disease-free condition sane breeding lines produced over 4000 kg 

ha "1 yield, whereas the highest yield of the gerrplasm line and land 

race was 2865 	and 3410 kg ha " , respectively. Under diseased conditions 

the gain over the highest yielding land race was substantial (141.6%). 

Table 2.1.17. 	 Summary of the performance of blight-resistant breeding 
lines, blight resistant gerplasm lines and high 

yielding land races under disease-free condition. 

Character 	 No. of Man Range C.V S.Em. 
lines (%) 

Resistant breedinQ lines 
DFLR 355 134 129-152 1.62 0.116 

EMAT 355 183 180-186 0.67 0.065 

P ET 355 51 35-70 13.39 0.363 

BYLD 355 6126 770-9123 15.98 51.976 

SYLD 355 2698 414-4059 17.57 25.163 
14.69 0.248
100SW 355 32 18-44 


Resistant err0lasm lines 
DFLR 18 136 132-139 1.48 0.474 

EMAT 18 183 181-186 0.76 0.328 

18 50 37-60 12.45 1.459PLHT 

BYLD 18 5013 2061-8099 26.75 316.059
 

SYLD 18 2141 635-2865 25.80 130.193
 
23 	 14.20100SW 	 18 18-28 0.783 

High yielding landraces 

DFLR 4 129 117-135 6.20 4.002
 

EMT 4 182 181-184 0.59 0.537
 

PLHT 4 39 36-41 5.88 1.141 

BYLD 4 5995 4627-7290 20.98 628.951
 

SYLD 4 2956 2377-3410 15.04 222.313
 
40 31.43
100SW 4 	 28-58 6.291
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Correlations of seed yield under diseased condition with 

othercharacters were estimated and shown in Table 2.1.19. Seed yield 

was significantly (P<0.05) correlated with Ascochyta blight resistance, 

the higher the resistance the better the yield. Seed yield had the 

highest correlation of r = 0.829 (P<0.01) with biological yield. 

Whereas Ascochyta blight was significantly correlated with late 

maturity and plant height in resistant germplasm lines, hadit no 

association with maturity and height in resistant breeding lines. This 

is an important achieverent of breeding because seed yield in chickpea 

is strongly negatively correlated with lateness. 

The man seed yield of lines in different Ascochyta blight 

susceptibility classes on 1-9 scale is shown in Table 2.1.20. The seed 

yield was the highest in category 2 and there was a continuous decline 

in yield as the disease severity increased from 2 to 9. In fact, there 

was zero yield in lines rated 8 or 9. The regression equation for 

yield was: [(SYLD = 2874.5 + 127.0) (340.7 + 38.8) (AB)] where AB is -

Ascochyta blight score. 
The results are shown in Figure 2.1.1. 

The major conclusions of this experiment are as follows. First, 

33% improvement in yield has been achieved over the resistant parent 

through breeding. Second, the highest yielding breeding lines yield 

significant better than the best land race both under disease-free and 

diseased conditions. The susceptible land cannotraces be reconrended 

to be grown in disease-prone areas. Third, through breeding linkage of 

Ascochyta blight resistance with late maturity has been broken. Now 

there are early maturing lines with blight resistance and high yield. 
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Fifth, there is a decline 472 kg ha- with the increase of severity of
 

one class reaching zero yield with eight and nine classes.
 

Yield (kg/ha) 

.~ll 

* I 

Ascochyta blight rating 

Fig. 2.1.1. Relationship between Agcochyta blight disease score and 
yield of chickpea.
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Table 2.1.18. Yield perfornance of 10 highest yieldang breeding lines
ccipared with the best resistant gernplasm line and land 
race under diseased and disease-free conditions in a 
replicated yield trial.
 

Entry name "
Seed yield (kg ha )
 

Disease tre c_<ond_0tions 

FLIP 91-50C 
 4059

FLIP 81-27C 4004

FLIP Ql-205C 
 3955
FLIP 91-40' 
 3752
 
FLIP 84 -79C 3670
 

FLIP 82-97C 3621

S 91342 
 3606

FLIP 81-299C 
 3572

FLIP q0-98C 3546

S 91331 
 3528
 

ILE 5894 (geniplasm line) 
 2865
 

TIC 263 (land race) 
 3410
 

Diseased condit ions 

FLIP 91-204C 
 3080
FLIP 91-180C 
 3025

FLIP 81-7C 
 2770
 
FLIP 82-144C 
 2754

FLIP 88-93C 2750
 

FLIP 99-n9C 2719

TLIP 91 -201C 2691

S 9L,2 
 2675

FLIP 90-64C 
 2644

FLIP 91-28C 
 2617
 

ILC 5586 (gei lasm line) 2197
 

ILE 482 (land race) 
 1275
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Table 2.1.19. Correlation of seed yield with other characters in 
diseased conditions. 

ABR DFLR ENAT PU-fT BYLD SYLD 100SW 

ABR 1.000 -0.377 0.147 -0.163 -0.393 -0.428 -0.080 
DFLR -0.038 1.000 0.410 0.238 -0.060 -0.231 0.154 
EIAT 0.147 0.410 1.000 0.241 0.138 -0.130 0.435 
PlET -0.163 0.238 0.241 1.000 0.592 0.306 0.42 
BYLD -0.393 -0.060 0.138 0.592 1.000 0.857 0.499 
SYLD -0.428 -0.231 -0.130 0.306 0.857 1.000 0.309 
100SW -0.080 0.154 0.435 0.492 0.499 0.309 1.000 

Table 2.1.20. The mean and range of seed yield (kg/ha) of different 

classes of Ascochyta blight.
 

Class No. of entries Mean + S.Era. Range 

2 1 1895
 
3 316 1847+27.0 193-3080
 
4 52 1564+64.2 34-2770
 
5 5 1158+100.0 890-1417
 
6 2 779+136.7 643-916
 
8 3 0 0 
9 1 0 0 

2.1.4.5. Perfornance of newly bred lines at ICARIA sites in wint_- sowing 

A comparison of spring versus winter sowing was made over nine years 

(1983/84 to 1991/92) at three sites (Tel Hadya, Jinderess and Terbol),
 

using ccamon breeding lines (testing between 72 and 486 lines). The 

winters of 1984/85, 1988/89, 1989/90, 1991/92 were more severe than normal 

and the springs of 1983/84, 1988/89, 1989/90, and 1990/91 (especially at 

Tel Hadya) were drier than normal. 

Winter-sown trials on average produced 1621 kg/ha against 1005 kg of 

spring-sown trials, giving 61.3%or 616 kg/ha more yield (Fig. 2.1.2). The 
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yield differences between winter and spring were larger during dry 

seasons than in normal seasons. During an abnorkmlly cold year 

(1984/85), yields of winter-sovn trials were lower than spring-sown 

trials. But this trend was reversed during the 1988/89, 1989/90 and 

1991/92 seasons which were also very cold, beceause of deliberate 

selection for cold tolerance since 1981/85. Breeders usually select 

the top 10% for further evaluation and possible release; these 10% top 

yielders in winter sowing produced 122.9% or 1235 kg/ha more than the
 

mean yield produced in spring over eight years.
 

K.B. Singh
 

2.1.4.6. Spread of winter chickpea in the Mediterranean envirorment 

Adoption by farmers began in Cyprus during the 1984/85 season and by 

1990/91 nearly all spring chickpea ar~ea was replaced by winter 

chickpea. Syrian fanRors were next aid by 1991/92 an estinoted 20,500 

ha was winter scwi. All eastern Mediterranenm countrLies incLuding 

those in West Asia, North Africa and Southern Europe have intrduced 

winter sowing. The technology las been accepted, but the iiujor 

bottleneck in speedy spread of winter chickpea is the non-availability 

of seed. WiIILc swing of chickpea has been adopted iii other 

continents as well where the M-diterranean envivronts exist. 

California (U.S.A.), which grew chic-kpea during spring, has now 

introduced winter sowing in Cental Val icy. Nearly all chickpea area 

in Western is in winte . I ikwise (Iile 1 iinticducedAustralia sown hs 

winter sowing of cii ck1 fu. A g' ,ust in' of aica tifid' wintier sown 

chickpera in different countrie-s is shownvm in '[aiblre 2.1.21 and the 

evolution of total winter-sm arka is sho.wn in Fig. 2.1. 3. 
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Figure 2.1.3. Guesstiimated adoption of winter-sown chickpea in the 
Mediterranean areas in the world, 1991/92. 

Table 2.1.21. 
A guesstimte of adoption of winter-sown chickpea in the 
Mediterranean environments in the world, 1.991/92. 

Country 
 Area (ha) 
-- 7-~ 1500
 

Iraq 
 1000

Jordan 2000

Lebanon 1000

Syria 20500

Turkey 10000
 

Algeria 
 2500
 
Egypt 
 5000
Morocco 3000
TWisia 3000
 

France 1000

Italy 3000
 
Portugal 
 4000
 
Spain 
 5000
 

WesteLn Australia 1000
 

U.S.A. (California) 2.500
 

Chile 100 
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2.1.5. Strategic Research 

2.1.5.1. Studies an drought tolerance 

Little research has been conducted on drought tolerance of kabuli 

chickpea in a Mediterranean environment. A line-source sprinkler 

system is being used to evaluate genotypic differences, but a screening 

technique is necessary that permits evaluation of a large number of 

germplasm and breeding materials for tolerance to drought. Since the 

crop experiences terminal drought, it was thought wrthwhile to test 

the effect of delayed spring sowing to accentuate the stress effects to 

permit identification of genotypic differences in drought tolerance. 

An experiment with four sowing dates, 28 Feb (normal sowing daLe), 10 

Mar, 20 Mar, and 30 Mar and 25 genotypes varying in maturity, plant 

height, seed size, and seed yield, was conducted at Tel Hadya during 

1990. This study indicated that sowing on 20 or 30 Mar can be 

effective in distinguishing drought-susceptible lines from tolerant 

ones.
 

Following this lead, this experiment was repeated in 1991 by sowing 

on 28 Feb and 2D ir 1991 with and without irrigation. The irrigation 

treatment was included to obtain potential yield to enable ccmparison 

with the yield obtained under moisture stress conditions.There was a 

gradual reduction in the perfonnance for all characters with delay in
 

sowing fran first to second date. However, seed size, seed yield, 

biological yield and harvest index were higher with irrigation over 

rainfed. Some genotypes produced good yield on both dates of sowing 

under rainfed conditions, but their perfoi-"lnce under irrigated 

conditions was just average. On the contrary, other genotypes produced 

little yield on the first date of sowing, but virtually no yield was
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produced by them on the second date of saiing under rainfed conditions. 

Their performance under irrigated conditions was equally bad. The 

former group of genotypes was early in maturity while the latter group 

was lat? in maturity. The best performing lines under rainfed 

conditions (i.e., drought-tolerant ones) produced 50-60% of the 

potential yield on the first J-t- of sowing and 35-45% of the potential 

yield on the second date of sowing, whereas the drought-susceptible 

lines produced less than 10% of the potential yield. There was no 

association between the performance of genotypes under rainfed and 

irrigated conditions. 

In order to confirm the findings of the first two years, the 

experinnt was repeated in the third year by sowing on 28 Feb and 20 

Mar 1992 without and with irrigation to ensure that the available soil 

moisture does fall belownot 50% in the active root zone. The plot 

size was 4 rows, 4 m long with 30-cm row spacing. Split-plot design 

was used with three replications for each date. Observations were 

collected on 15 morphological, phenological and seed characters. In 

addition, the amnient of soil moisture was determined at sowing, and 

plant count at emergence and maturity, percent of emergence, and canopy 

temperatures at late vegetative, flowering and pod filling stages were 

recorded. 

Mean p:-rformance of genotypes for 12 characters at each date and 

for rainfed and irrigated conditions is shown in Table 2.1.22. In 

genera], there was a reduction in perfumnce for most characters with 

delay Ln sowing. However, the reduction was not as sharp as in other 

two years because spring was wet and even rains occurred in early June 
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which favored 	delayed sowing more than normal sowing. Nevertheless, 

the mean performance of genotypes under irrigation was better than 

rainfed tor yield and yield contributing charact-2rs such as biological 

yield, pod number and secondary branches. 

Table 2.1.22. 	 Gei otypic means for different characters on two dates of 
sowing and two levels of moisture regimes (rainfed and 
irri.gated) during the 1992 spring. 

Dates of sowing 
Characters 28 Feb 2() ivar Mean Genotype 

Rain. Irrig. Rain. Irrig. Rain. Irrig. mean 

Days to flowering 63 66 52 54 58 60 59 
Days to iiturity 106 120 92 99 99 110 105 
Plant Leight (cm) 29 41 30 39 30 40 35 
Primary branches 10.1 9.1 10.6 10.0 10.3 9.6 99 

Secondary branches 20.8 24.5 24.8 24.9 22.8 24.7 238 
No. of ois 20 27 20 27 20 27 235 
No. of filled P(xAs 17 22 19 24 18 23 2C5 
% of filled -Xxd 85 81 95 89 90 85 875 

100-seed weight (g) 32 31 30 30 31 31 308 
Seed yield (kg/ha) 1802 3085 1629 2576 1716 2831 1416 
Biol. yield (kg/ha) 3862 6856 3689 5917 3776 6387 3194 
Farvest index (%) 46 3 44 43 45 44 445 
Score* 5.4 4.4 6.1 4.4 5.8 4.4 51 

* Visual rating at maturity for overall assessment of drought 
susceptibility on a 1-9 scale, where 1 = no damage, 5 = intermediate 
level of damage, 9 killed. 

Overall, yield only reduced 10.8% and 17.8% under rainfed and 

irrigated conditions respectively from the first date to second date 

(Table 2.1.23) . Four genotypes (FLIP 87-51C, FLIP 87-5FC, FLIP 87-59C, 

and ICC 4958) perforrnd wel] in both dates of sowing yielding nearly 
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Table 2.1.23. Yield (Y) perfornance (kg/ha) and rank (R) of different chickpea clnotypesin the drought study, as affected by tw- ciates of sowirj and at two levels 
of mroisture (rainfed and itrigated) during the 1992 spring. 

Da- es of
Genotype 28 Feb .- .. 20 M . - W.an 

Rain. Y Rain. Y Rain. Y
Rainfed % of Irrig. Rainfed %of hlig. Rainted 1 of h-rig.Y(R) irrig. YR) Y(R) i rig. Y(R) Y (R) it- ig. Y(R) 

ILC 3279 1W~~~~ 72b 10 231(6 8(5) 4. 70(6) 916 25) 44,,I.7-- 2--5-94(5 (26)1431(23) 57.8 2476(24) 1030(23) 50.6 2035(2,t) 1231 (23) 54.6 2256(24)FLIP 85-142C 913(2b) 37.6 2,431(25) 817(26) 43.2 1890(25) 865(26) 40.0 2161(25)FLIP 86-12C 1235(24) 45.6 2708(21) 952(24) 43.3 2199(22) 1094(24' 44.6 2454(20)ICCV 88504 1639(21) 63.7 2575(22) 1450(21) 66.8 2172(23) 1545(21) 65.1 2374(22)ICCV 88512 1629(22) 63.7 2557(23) 
1332)22) 59.5 2239(21) 1,481(2;) 61.8 2398(21)LC 1929 1959(9) 57.4 3,114(6) 1944(5) 62.5 3112(1) 1952(6' 86.3 2263(23)
ILC 482 1966(8) 63.5 3094(14) 1716(15) 64.2 2671(13) 1841(0) 63.9 2883(15)TLC 1919 1899(12) 61.2 310513) 1750(12) 65.7 2664(14,) 18?25(12) 63.3 2885(13)FLIP 87-5C 1869(14) 64.1 2916(18) 1576(18) 56.5 2790(10) 1'/23)18) 60.4 2853(16)FLIP 87-7C 2122 (5) 61.4 345,1(5) 1686(16) 55.0 3(168(3) 1904(7) 58.4 32bI(3)FLIP 87-8C 2033(7) 59.8 3,101(7) 172.1 (1,4 57.4 3006(4) 1879(8) 58.6 320. (5)FLIP 87-51C 2197(2) 61.1 3598(4) 
 2131 (2) 77.3 2758(11) 2164(1) 69.1 3178 (6)
FLIP 87-58C 2141(1) 58.3 3672 (2) 1979)i4) 63.9 3099)2 2060(,) 60.8 3386 (1)FLIP 37-59C 2123(4) 57.4 3697(1) 2152(1) '72.1 2986(5) 2138(3) 64.0 i342(2)FLIP 87-80C 1835 C';) 64.5 2844 (20) 1512(20 64.8 2331 (20) 1674 (19) 64.7 2589(19)FLIP 87-85C 1893(1j) 55.9 3388(8) 1859(6) 64.2 2893(7) 1876 (9) 59.1 3141(7)ILC 710 1769(19) 59.9 29n2k17) 1801(8) 61.8 2916 (6) 1785(15) 60.8 2934(10)TLC 830 1910(11i 66.7 2C62(19) 1596)17) 60.6 2nj,l(16) 1753(17) 63.8 2748(17)TLC 1130 1921(20) 62.8 3063(15) 1727(13) 63.8 270.3(12) 1826(1) 63.3 2884(14)
[LW 1111 2087(6) 66.3 3150(12) 1829(7) 65.3 2803(9) 1958(5) 65.8 2977 (8)
1LC 1687 1779(18) '.3 3156(1L) 1788(9) 67.3 
 2657(15) 1781(16) 61 4 2907(12)ILC 1748 1797)17) 55.3 3249(101 6 81775)10) .t 258 17) 1786(14) 61.9 2919(11)ILC 6104 1850(15) 55.8 3316,9) 1/59(11) 68.3 257,(18) 1805(13) 61.3 2946(9)
TLC 6118 17.15(20) 57.3 3018(16) 1541 (19) b3.6 2422(7) 1643(20) 60.1 27-35(18)ICC 4958 2230)0) 61.9 3602)3) 2055)3) 71.0 2893(7) 2113(2) 66.0 3248(4)
Mean 1805 3078
58.b 
 1629 62.1 2612 171"1 60.4 2845
C.V. () 
SE of difference let,esen two cate ns 

2.70 
102.5SE of difference b(xtwoen genotypetwo ntans 112.0SE of diffeence betwaeen two genotype re?ans at the satoe level of the date 202.7SE of difference etw eientwo date nmans for the same genotype mean or for
 

different levels of the entiy
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2t/ha, and very little reduction in yield was noticed with delayed 

sowing. Under rainfed conditions, these four drought-tolerant lines 

produced nearly 70% yield of that obtained under irrigated conditions 

on the second date of sowing, as against only 48% produced by the 

drought-prone s-_notypes. 

Correlations of seed yield with other characters on two dates of 

sowing and two irrigated conditions are given in Table 2.1.24. Like 

Table 2.1.24. Correlation of seed yield with other variables as 
affected by two dates of sowing and two levels of 
moisture regimes at Tel Hadya in the 1992 spring. 

Variable Date of sowing 
(28 Feb) (20 Mar)

Rainfed Irrigated Rainfed Irrigated 

Days to flowering -0.6126 -0.6545 -0.6595 -0.5678 
Days to maturity -0.6618 0.0190 -0.7879 -0.4097 
Plant height (cm) -0.5898 -0.4394 -0.6957 -0.4118 
Primary branches -0.1024 -0.3178 -0.1522 -0.0512 
Secondary branches 0.1072 0.0673 -0.2883 -0.0729 
Pod number 0.2045 0.1191 0.2045 -0.0793 
Filled pod 0.1051 -0.0007 0.1782 -0.1403 
% filled pod -0.3465 -0.3237 -0.0975 -0.2733 
Shoot biomass (kg/ha) 0.6444 0.6378 0.7184 0.6829 
Harvest index (%) 0.8519 0.5507 0.8446 0.4536 
100 seed veight (g) 0.0546 0.2666 0.0320 0.2028 
Rating score -0.7644 -0.7190 -0.8671 -0.7570 

the previous two seasons, yield was positively associated with early 

maturity and total biological yield and negatively correlated with 

height (P_<0.01). Other characters had no association. 

Three general c-nclusions can be drawn from these studies: First, 
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drought-tolerant lines, in general, are early maturing. Second, lines 

will be preferred which perform well under dry conditions but are able 

to take full advantage of any additional moisture available. (For 

example, FLIP 87-58C and FLIP 87-59C performed equally well under the 

dry spring of 1990 and 1991 and wet spring of 1992. Whereas, ILC 6104 

and ILC 6118 performed well under the dry spring of 1990 and 1991, but 

did not do well under wet spring). Third, sowing on 20 Mar seems 

appropriate for screening drought-resistant chickpeas. 

The seed yield data from three years (1990, 1991 and 1992) were 

used for stability analysis. The analysis of variance of seed yield 

per plot is presented in Table 2.1.25. The genotype X year component 

was highly significant indicating that genotypes differed markedly in 

response to environmental changes. The average mean seed yield per 

plot (X) for 25 genotypes along with their regression coefficient (b) 

and coefficient of determination (Re) are given in Table 2.1.26. Seed 

yield per plot averaged from 274 to 1125 kg/ha. The genotype FLIP 87

59C gave seed yield/plot greater than other genotypes. The low 

variance estimate of this genotype reflected the low variability of its 

performance over the three years. The genotypes FLIP 87-51C and ILC 

1929 performed in the manner.same These genotypes are thus the most 

stable and high yielding genotypes with great potential for spring 

sowing. 

K.B. Singh, M. Qmar, M.C. Saxena (ICARDA), and C. Johansen (ICRISAT) 
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Table 2.1.25. 	 Pcoled analysis of variance for seed yield/plot of 25 
chickpea genotypes gromn in three years at Tel Hadya, 
Syria 1990, 1991 and 1992. 

Source of variation D.F. Mean square F value 

Oentyp--------- .. 24 .1695.92 
Genotpe x date x ti-)isture 74 479639 21 3 
Cenotyp x Y"a Yoar 50 628461 28.47"* 
Year I 29798300 1349" 
atly x Year (linear) 24 44701 2.02 
Pooled reviat ions 25 22077 3.317 
Pooled error 1,14 6663 

Table 2.1.26. 	 The average pe,-forinmnce of 25 gcnotypes of chickpea 
grTown in three years 1990, 1991 and 1992 at Tel Hadya, 
Syria. 

G~nt~yeMan iel Pissi-coef ficient of 
kg/ha) ,: f f i ci nt. determination 

[[.C "12 2990.626 	 .96
 

LC 3279 37] 0.715 0.9330 
FLIP 5 1422C 274 0.577 0.9900 
FLIP 89-12C 352 .659 0.94'16 
C,-c77 653 0.99668850.1 0.961 

ICCV 98512 591 0.870 0.9995 
TLW 19'29 1004 1.170 0.9778 
T k' 482 825 1.063 0.9992 

I 11] 774 1.137 0.9978 
FLIP 87 52 861 0.872 0.991.3 
FIIP 87 7C 849 1.033 0.9843 
FLIP 87-8C 875 1.012 0.9995 
FLIP 87 51C 1093 
 1.286 0.9807 
FLIP R758C 966 1.150 0.9849 
FLIP 87-59C 1125 1.225 0.9993 
FLIP 7/I-8C 7 586 1.062 0.991.3 
FLIP 87"852 943 1.116 0.9915 
ILC 710 879 1.130 	 0.9888
 
ILC 830 729 1.024 1.0000
 
lII 1130 810 1.114 0.9935
 
1IW 1141 741 1.230 0.9804
 
IW 1687 792 1.098 0.9543
 
1LC 1748 951 1.051 0.9536
 
1WC 6104 959 0.988 0.9837
 
ILC 6118 862 0.831 	 0.9893
 
Mean 766.6 kg/ha
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2.1.5.2. Effect of plant density on cold tolerance in chickpea
 

Five genotypes 	with varying level of cold tolerance were used to study 
the effect of 	 three plant densities, (3.3.33, '14.44, and 66G.66 plants 
per m9) on their cold tolerance at Tel }{adya and Bieda fe-r two years. 
The analysis of variance for oId tolerance at different lcations and 
years revealed m an due plant wasthat square to density non
significant at Tel Hadya in both seasons, whereas it- was significant 
only at Breda in 1991/92 (Table 2.1.27). TIhis indicated hiat increased 

Table 2.1.27. 	 Analysis of variance for cold tolerance at various plant 
densities at Tel Hadya and Breda during 1990/91 and 
1991/92 seasons.
 

Source of 1990/91 1991/92
variation d.f. Breda Tel H1adya BPrda Te] Hadya 

Replication 2 0.269 ns 0.4178 ns 0.133 ns 0.211 ns
 
Date (D) 1 9.025 ** 4.4 9.344 41 **
* * 344 
Error A 2 0.058 0.144 0.]79 0.211 
Population (P) 2 0.211 0.433 0.141 ns0.136 ns ns * 
D x P 2 0.525 ns 0.211 ns 0.47R * 0.144 ns 
Error 8 0.281 0.528 0.09 0.11l1 
Entry (E) 4 30.997 * 50.739 ** 93.961 ** c9,.379 k 
D x E 4 5.136 ** 5.639 ** 0.706 ** 5.678 ** 
E x P 8 0.226 ns 0.322 * 0.128 is 0.061 s
D x P x E 8 0.532 * 0.239 ns 0.256 ns 0.061 ns
Error B 48 0.200 0.150 0.191 0.033
 

• P<0.05, ** P<0.01
 

plant density, 	in general, had little effect. on the cold tolerance of
 

chickpea.
 

R.S. Malhotra, K.B. Singh and M.C. Saxena
 



54
 

2.1.5.3. Inheritance of resistance to race 4 of Ascochyta rabiei 

Inheritance of resistance to race 4 of Ascochyta rabiei was studied in 15 

germplasm accessions in greenhouse during 1991/92. Resistance in ILC 200, 

ILC 5921, ILC 6043 and ILC 6090 was governed by a single recessive gene. 

Whereas, resistance in ILC 202 and IW 2956, was governed by two recessive 

complementary genes and in IIC 5586 by two doninant complementary genes. 

Resistance in ILC 2506 was controlled by two recessive genes with 

epistasis. Resistance in ILC 3279, ILC 3856 and ILC 4421 was controlled
 

by 3 recessive genes. Resistance in ILC 72, ILC 182, IIW 187 and ILC 5902 

was more ccoplex. 

K.B. Singh, M.V. Reddy and M. Labdi 

2.1.5.4. Transferability of selection indices from drought-free to 

drought-prone envirormets in chickpea 

An experiment was conducted at two drought-free and one drought-prone 

locations in Syria and Lebanon during the spring for three years (1989

1991) to determine the transferability of selection indices from one set 

of environment to another with a view to assess the possibility of 

selecting an environment appropriate for the development of cultivars 

adapted to both sets of environments. Each year, 192 to 240 newly-bred 

lines were evaluated in replicated trials for seed yield, days to 

flowering and maturity, plant height, and 100-seed weight. Correlation 

study showed that increased seed size, early maturity and reduced plant 

height at drought-prone location and early maturity at drought-free 

locations were of prine importance in increasing seed yield. Regression 

equations developed to predict seed yield showd that days to flower and 
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maturity accounted for 67 to 80% variation in seed yield at dry location, 

whereas at drought-free locations contribution of days to maturity was 

little except in 1991 at Terbol. The percent of success in the 

transferability of selection indices from drought-free environments to 

drought-prone environment was higher. These results suggest that the 

chickpea material developed under favorable environments could be useful
 

under both favorable and non-favorable (drought) environments and that 

early maturing lines selected under favorable environment would also adapt 

better in droughty conditions. 

K.B. Singh, G. Bejiga, M.C. Saxena, and M. Singh 

2.1.5.5. Genetics of seed size 

Seed size is an important quality character in chickpea receiving the 

highest priority in breeding, after yield and disease resistance. Yet 

genetics of seed size is not fully understood. Therefore, a study was 

conducted to determine the genetics of seed size in chickpea. Six lines
 

with a range of seed size from 11 g to 60 g per 100 seeds were used in a
 

complete diallel cross. The 6 parents, 15 F1s, 15 reciprocal F1s, 15 F2s, 

15 BC, to parent I (BI), and 15 BC to parent 2 (B2) were grown in a 

randcmnized complete block design with two replications and data on seed 

size were recorded after the harvest. Analysis varianceof showed that 

general combining ability was significant, suggesting that additive gene
 

action is important for seed size. The estimated genetic parameters 

showed that additive gene action was more important in all crosses except 

one. 
Dminant gene action was observed in seven crosses, but it
was more
 

important than additive gene action in only one cross. Additive and 
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dominant gene actions due to maternal effects were realized in 7 crosses 

and 6 crosses, respectively. 'Ihe crosses that involved the small-seeded 

parents as females had small seeds because of maternal effects suggesting 

that where large and small-seeded parents are involved in crosses, large 

seeded parents should be used as female. Convention l pedigree and bulk 

methods of breeding can be used to develop large-seeded cultivars.
 

Geletu Bejiga and K.B. Singh 

2.1.5.6. Selection criteria for yield in winter-sown chickpea
 

A total of 6224 kabuli chickpea germplasm accessions were grown at Tel 

Hadya, Syria during the 1987-88 winter season with an objective of 

developing selection crqteria for yield. Cbservations were recorded on 

seed yield and 10 other characters. Correlation, sepwjse regression and 

ath analyses wer-e done to deti ner the ,-tween yield ando -elationships 

otier ch racters. Results shwved that seed yield had significant and 

positi%3 associations with all the characters studied. Correlations of 

seed yield with biological yield W0.56*, harvost index (0.590**), 

number of seeds/n Q0.56**} and canopy width <0.521**) were high and 

significant P<0.01). The high co-relat ioM rtween days to 50% flowering 

mid maturity suggests that days to Oc flcwzrhig can be used to identify 

early and late lines even where c,-'rc Raur tv, is affected by terminal 

drought. Path ccfficient and stepwise ipnession afnalyses indicated that 

biolcgical yield, hiarvest index and days to miturity can be used 

sinmul aneously to select for high seed yield in chickp:a. 

Geletu Bejiga and K.B. Singh 
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2.1.5.7. Evaluation of kabuli chickpea gerxplasm for tolerance to 

herbicide 

One thousand four hundied and three kabulI chickpe>a accessions were grown 

during autuma winter and spring 1.988--89 and lc,89-90 season tc evaluate 

their reaction to ccimunly used herbicide: -- gran - Kei.l. The t ials %re 

grown at Tel Hadya. 'thle resUlts shC ed tvAt there WIre significant 

differences between winte-r and spring season-,, indicat ing that herbicide 

damage is influenced by the season Uof tig, dinuge being more in 

spring thm winter sowing. Study also shexd tlht genotT±s responded 

differently to herbicide. 

Geleu Bejiga, K.B. Singh and M.C. Saxena 

2 .1.5.8. Evaluaticn of world collection of cabuji chickpea for resistance 

to iron deficiency chlorosis 

Iron-deficienc" ohio osis is often seen in scitu; chickpea fields in the 

Mediternan-an . 'N ic:. This isrart ii a rI, severet in the winter-sown 

field when iro:- ino'fiient linesar. plinted . Ihorefre, to facilitate 

supply -, ci*on 1 s nat: iot aY ioA'coa chickpea 

breeding pni]gam, '7,224 kabul i chickpe rp ias icc., ii:,,s; we!.,m field 

evaluated for chlorosis cu aI-defIciency;: hodox:.rai soilICi(pH 

8.5, 20-25% calcium carbo-nat,) at Ti H idya during hot h winto' and spring 

of 1987-88. The ines -dentified as suscrt iK sdu rin, 33- w.re>3 grown 

again during auturn, winter and sp-ing of 1, '3 89 for conf i urit ion of 

their s1uscet: ibiIity aid noto exam th, ffect of scwing time on the 

appearance of the deficincy syrptcos. 
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About 99% accessions were resistant to iron- deficiency chlorosis. 

Evaluation of susceptible lines during autumn, winter, and spring sowing 

revealed that iron-deficiency chlorosis was mare pronounced during winter 

sowing. There were also significant ;enotypes x time of sowing 

interactions. Since the iron-deficiency chlorosis character is controlled 

by recessive qenes, a negative selection, as used in chickpea improvement 

prcgram at ICARDA, is reconmended as an effective breeding strategy. 

Geletu Bejiga, K.B. Singh and M.C. Swxena 

2.1.5.9. Genetics of tine to flower 

Four kabuli chickpea lines (ILC 6104, ILC 6118, ILC 72 and ILC 3279) which 

flowered in 131 , 130, 154 and 152 days were grown in a coplete diallel 

cross to determine the genetics of time to flower in chickpea. The 

parents, F1s and reciprocal Fis, F2 , backcross to parent 1 (B1 ) and 

backcross to parent 2 (B2) were grown in a randomized complete block 

design. Observations on time to flower were recorded except on reciprocal 

F1s since there were many missing plots due to low nunber of seeds obtained 

from late flowerinq parents. 

Results showed that both general combining ability (gca) and specific 

combining ability (sca) were significant suggesting that both additive and 

non-additive type gene actions are important for time to flower. However, 

the gca value was higher than sca indicating that additive type gene 

action is more important than non-additive type gene action. An estimate 

of the contributions of additve type gene action and domiinance for each 

cross confirmed the importance of additive gene action. 

K.B. Singh and Geletu Bejiga 
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2.1.5.10. Evaluation of elite mutants 

Of the several hundred chickpea mutants identified in the induced mutation 
studies at ICARDA from 1987/88 to 1989/90, 152 mutants were evaluated for 

yield and other 14 characters during 1990/91. Frcm these, 33 mutants were 
chosen and grown with three checks, ILC 482, ILC 3279 and FLIP 82-150C in
 

a replicated yield trial during 1991/92. 
Results of a few selected lines
 

are 
shown in Table 2.1.28. 
 Five mutants have been selected for high
 

yield, one for early maturity, one for tall stature, two for large seed
 

size, one for long pod and one for cold resistance. These 11 mutants will
 

be evaluated for yield next season.
 

M. Omar and K.B. Singh 
Table 2.1.28. List of the mutants giving higher yield (kg/ha), earlier


flowering (DFLR) and larger seed size (100 sw, g) than theoriginal chickpea lines used for mutation at Tel Hadya,
Syria, 1991/92.
 

Entry 
 Seed yield DFLR PTHT 100SW
(Rank)
 

M 14241 
 3804 (12) 126 44 43
M 14246 
 3290 (29) 129 53 44
M 14248 
 3027(33) 128 47 
 44
M 15096-4 
 4188 (3) 115 
 37 41
M 15096-5 
 2842 (34) 122 
 39 45
M 15197-3 
 4367(1) 125 
 46 29
M 15227-5 
 4279 (2) 124 42 
 28
M 16070 
 3812(10) 125 
 39 28
M 16221 
 4184 (4) 123 40 
 28
M 17033 
 3974 (8) 130 
 41 26
M 17240 
 4132 (5) 124 41 
 27
 

ILC 482 
 3647 (17) 126 39 
 28
ILC 3279 
 2760 (35) 130 51 27
FLIP 82-150C 
 3463 (33) 127 43 
 28
 

Mean 
 3588 126 41
SEr. (_) 30 
279.6 
 0.408 2.22 
 1.26
LSD (P<0.05) 
 788.3 1.150 6.25 
 3.55
C.V. (%) 
 13.5 
 0.563 9.48 
 7.19
 

http:2.1.5.10
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2.1.6. Studies cn Wild Cicer Spec.ies 

2.1.6.1. Interspecific hybridization 

Past evaluation of eight annual Cicer species revealed presence of high 

level of resistance for (Ascochyta blight, Risarium wilt, leaf miner, seed 

beetle, cyst nenitode and cold) . This encouraged us to wake .nterspecific 

crosses using nine anmual Cicer species including the cultivated species 

in a diallel set. It was found that only C. echinospermn and C. 

reticulatum could b-2 crossed with the cultigen.
 

Four cultivars (ILC 482, ILC 3279, FLIP 82-150C, and FLIP 85-122C) 

were crossed with one accession each of C. echinospermum and C. 

reticulatm during 1988/89, F1s were grown in 1989/90, and parents, F1s, 

and F2s were evaluated for a nutiber of agroncnic characters in a replicated 

trial during 1990/91.
 

There were no differences in days to flower between the mans of 

parents, Fis and F2s or between the twi F, crosses (Fig 2.1.4), but 

differences were found when the 8 cross ccebinations were canpared. 

Differences between the 16 F2 populations were observed in nine cross 

ccnbinat ions.
 

The cultigen parents were the highest, while the wild parents were 

shortest (Fig 2.1.4) . The man height of the Fjs and the F2s did not 

differ and was lower ta-in that of the cultigen parents but higher than 

that of the wild pironts. Thlere were no differences betweeen twa F, cross 

(Fig 2.1.4), but di.fferenc,-s armng thb oight cross ccutbinations were 



Figure 2.1.4. a. 
 Figure 2.1.4. b.
 

150 . . .. .. . . . . . . . . . . . . . . . . . . . . . .
 

60.1a 

F,$ F, c, go. "Id Sp. .. 0 
C ' CR R E 

Figure 2.1.4. c. 
 Figure 2.1.4. d.
 

b 
'o
 

0010 
.-. . . ..
 

c C" C S E I E 

Figure 2.1.4. Interspecific hybridization of C. arietinum with C. reticulatm (R) and C. echinosperramm(E). Coaparison batween Fs, F2s and parents: For (a) days to flowe-r; (c) plant height.Ccaparisc.n between parents and R x E derived F1s and Fzs: For (b) days to flower; (d) plantheight. Bars with the sarm letter are not different at P<O.OS using LSD. 
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present. There was no variation between F1s and F2s, but there were 

variations among F2 populations. The F2 of C. arietinun (ILC 3279)x C. 

echinospermum was the tallest population.
 

Mean number of seeds/plant of F1s, F2s and of cultigen lines did not 

differ but they were higher than those of wild parent lines (eig. 2.1.5) . 

The two F1 c--Dsses differed (Fig. 2.1.5). Differences were seen within 

C. arietinum x C. reticulatum cross. C. arietinum (ILC 3279) - C. 

reticulatum FI was the best hybrid having the largest. number of seeds per 

plant. F2 bulks did not differ with each other. The F2 populations 

including C. echinosoermum did not differ from the F1 except those 

involving C. reticulatum. Differences were seen within F2 populations and 

C. arietinum (ILC 482) x C. reticulatum F2 and C. arietinum (FLIP 82-150C) 

x C. reticulatum F2 were the best. 

Mean biological yield of the F1s and cultigen lines was identical, but 

higher than that of the wila 7._ents (Fig. 2.1.5). The F2 did not differ 

from the cultigen. The two F crosses also did not differ (Fig. 2.1.5), 

but differences were present within their cross combinations. Cross C. 

arietinum (FLIP 85-122C) x C. echinospermum F1 was the best hybrid. The 

two F2 populations did not differ. The C. arietinum x C. echinospermum 

F2s performed better than wild parent and did not differ from the F, and 

the mean of the cultigen lines, while C. arietinum x C. reticulatum F2s 

yielded less than the F, and did not differ from wild and cultigen parent 

means.
 



Figure 2.1.5. a. 
 Figure 2.1.5. b.
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Figure 2.1.5. Interspecific hybridization of C. arietimim with C. reticulatun (R) and C.
(E) . aparison betwen Fis, F2s and parents: For (a) seedis/plant; (c) biological yield... parison between R and E derived Fis, F-,s and parents: For (b) seeds/plant;biolcgical yield. (d)Bars with the same letter are rt different at P<0.05 using LSD. 
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The mean seed yield of the cultigen lines was four times more than 

that of the wild species lines (Fig. 2.1.6). 'he mean yield of the F2 w. 

lower than that of the F1 but higher than that of Lhe wild species. The F1s 

showed high heterosis as canpared to the wild species but did not differ 

frn the cultigen. The two F crosses did not differ (Fig. 2.1.6). 

Difference was seen between C. arietinu (IL. 3279) x C. reticulatum F1 and 

C. arietintm (ILC 482) x C. reticulatum F1. No differences were found 

within the F2 populations with the exception of C. reticulatum x C. 

arietinLn (FLIP 82-150C) F2 and C. echinospermum x C. arietinum (ILC 482) 

F2 . 

'The 100-seed weight cf cultigens mean was more than two folds than 

that of the wild species (Fig. 2.1.6). The F1 and F2 had lower seed w. "ght 

than cultigen; the F perforned better than the F2 . Within the F1 crosses 

C. arietinum x C. echiospenrmu performed better than C. arietinum x C. 

reticulaitum and did not differ from the cultigen mean (Fig. 2.1.6). 

Differences were present between the F crosses and F2 crosses. The cross 

combination C. arietinum x C. echincsmemum was the best and C. arietinum 

(FLIP 85-122C) x C. echinosperum was the best population. 

K.B. Singh and B. Ocanpo 

2.1.6.2. Transfer of genes for resistance fran wild to cultivated species 

Cyst nematode: No source of resistance to cyst nematode was found in over 

9000 cultigen geniplasm accessions. Later a line of C. reticulatum (ILWC 

119) was found resistaiit which was crossed with two cultigen lines (ILC 

482 and FLIP 87-69C) during 1989/90. F2 plants were evaluated in 1990/91 
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and 417 prcmising plants were found. When these were evaluated in the 

1991/92 season, 114 plants were found resistant. Of these, 53 plants 

appeared to be agronomically superior. Their F4 plants have been grown in 

the off-season of 1992. During 1990/91, four more interspecific crosses 

with ILWC 119 were made using namely ILC 846, ILC 863, FLIP 84-15C, and 

FLIP 84-92C. The F1s were grown in the off-season of 1991 and F2 seeds 

were produced. During 1991/92, 3000 F2 plants were evaluated for cyst 

nematode in the greenhouse and only 9 plants with resistance were 

identified. These nine plants have been sown in the off-season to produce 

F4 seeds. 

Cold: During the 1988-89 season, a project was initiated to transfer genes 

for cold tolerance from the two wild species, C. echinosr-rmum and C. 

reticulatum. Since then, crosses have been made each year. During the 

1991/92 season, 8 F2 , 13 F3 and 3 F4 populations were sown in the cold 

nursery on October 1. The season was very cold, hence a good screening 

was achieved. In June 1992, 50 F2, 50 F3 and 20 F4 plants were selected 

with same level of cold tolerance as those of wild parents. In addition, 

these plants had acquired genes for earliness, upright growth habit, 

acceptable seed type, and pod indehiscence characters. They thus appeared 

very promising. Fleven best plants from F2-F4 generations were backcrossed 

in the off-season. F2 population of 11 backcrosses was grown under non

cold conditions. These will be evaluated in for cold tolerance. ItF3 

seems that in three to four years, genes for cold tolerance may be 

transferred from wild to cultivated species. 

K.B. Singh and R.S. Malhotra (ICARDA), N. Greco, and M. Di Vito (Italy) 
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2.1.7. Quality and Use 

2.1.7.1. Protein content in newly developed lines 

The differences in the protein content of chickpea from winter and spring 

sowing have been studied since 1987/88. There was little differences in 

the protein content because of date of sowing (Table 2.1.29 and 2.1.30). 

K.B. Singh 

Table 2.1.29. Mean protein content (%) of the entries grown in two seasons 
(winter and spring) and four years (1987/88, 1938/89,
1989/90, 1990/91 and 1991/92 at Tel Hadya, Syria.
 

Year No. of entries Season 
Winter Spring Winter Spring
 

1987/88 120 120 
 20.94 19.85
 
1988/89 120 
 120 22.46 22.27
 

1989/90 223 
 225 22.74 26.09
 
1990/91 286 
 248 24.42 23.81
 

1991/92 308 
 308 21.42 22.20
 

Mean 
 - - 22.40 22.84 

2.1.7.2. Survey of usage of chickpea in Syria
 

Chickpea is used in many preparations in Syria. However, the percentage 

of chickpea consumption in different dishes is unknown. Knowledge about
 

these can be of use in chickpea inprovraent reseach. Therefore, a survey 

was conducted to assess the use of chickpea in different preparations, to 

determine the chickpea qua] ity needed for each prepa ration mnd to find out 

difference in usage of chickpea in villages aid cities. 
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Table 2.1.30. 	 Mean protein content (%) in 13 preliminary yield trials 
grown during winter and spring at Tel Hadya, Syria, 

Name 	 No. of entries Protein content C.V. (S.E.) 
Winter Spring Winter Spring Winter Spring 

PYT-L 22 22 . 21.50 22.20 1.776 (0.270) 1.127 (0.177)
 
PYT-T 22 22 21.54 22.35 1.470 (0.224) 1.479 (0.234)
 

PYT-El 22 22 21.28 21.85 1.409 (0.212) 1.399 (0.216)
 
PYT-E2 22 22 21.56 22.17 1.793 (0.273) 0.832 (0.130)
 

PYT-E3 22 22 21.26 21.74 1.478 (0.222) 1.576 (0.243)
 
PYT-E4 22 22 20.85 21.82 2.008 (0.296) 1.219 (0.108)
 

PYT-E5 22 22 21.40 22.08 1.080 (0.163) 1.076 (0.168)
 
PYT-E6 22 22 21.53 22.48 1.666 (0.254) 1.718 (0.273)
 

PYT-I 22 22 21.33 22.34 1.140 (0.172) 1.319 (0.208)
 
PYT-2 22 22 21.30 21.97 1.051 (0.158) 1.915 (0.298)
 

PYT-3 22 22 21.76 22.56 1.242 (0.191) 1.195 (0.191)
 
PYT-4 22 22 21.49 22.48 0.981 (0.149) 1.545 (0.246)
 

PYT-5 22 22 21.43 22.41 1.520 (0.230) 1.471 (0.233)
 
PYT-6 22 22 21.69 22.33 1.459 (0.224) 1.694 (0.268)
 

Check 2 2 21.4 22.1 

E = Early; T = Tall; L = Large. 

The survey covered 16 cities and 16 villages in Syria representing 

different agroecological zones and population densities. Three different 

questionnaires were used for survey of consumers in cities and villages 

and the survey of manufacturers of different dishes. Survey among city 

and village consumers focussed on the quantity of chickpea used for each 

preparation and the properties of seed needed for each. Chickpea food 

industry was surveyed to find out daily chickpea consumption and 

properties needed. 
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The survey revealed that chickpea is used in 38 different prepara

.... tons.-It-s-consumed bybboth city and village inhabitants. -Consumption 

differs among the rich and poor families. Consumption of chickpea is more 

in villages producing chickpea than in cities. However chickpea is 

consumed inall cities. Its consumption issmall to nil in those villages 

which do not produce it. In cities chickpea preparations are more 

consumed by low- and middle-income classes,whereas in villages all classes 

of people consume it. Maximum amount of chickpea is consumed for the 

preparation of Falafel in village and cities followed by Tisauieh, H!ommo 

bitahineh, Hommos bimaraka, Riz bihamms, and burgul bihcm=o. 

Consumption of landraces such as Darousi is decreasing and the demand 

for the new cultivars, Ghab 1 and Ghab 2, is increasing because of their 

suitability to majority of chickpea preparations.
 

Properties preferred by the majority of 
consumers in cities and
 

villages and by manufacturers for the preparations requiring use of whole 

seed are medium seed of uniform size, rough shape, thin husk, beige color, 

and high hydration capacity. For preparations where mashed seeds are used 

the same properties are required, except that seed shape is not important. 

The uniformity of seeds is very important for large scale manufacturers of 

Hcmos bitahineh. Non-uniform seeds give different dEgrees of cooking at 

the end of boiling period producing bad quality of the final product. 

Mechanical harvested chickpea being free of small stones is preferred in 

ccmparison to hand harvested produce. Stones cause damage to sieves used 

for chickpea cleaning and to mashing machine in the factories. Separation 
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of stones manually is time consuming and expensive. Physical and chemical 

structure of cotyledons are the imst important characters determining the 

suitability of chickpea cultivars for the preparation of Cdanmi safra. 

Medium-sized seeds were found to be iost suitable for 2I L preparation. 

Stuvey fturther revealed tLhat Ghab ! and Ghab 2 are used in largme 

quantities by the Syrian nunufacturers in tile preparation of Ciam malha. 

An important finding of this survey was that chickpea is used in Syria as 

a substrate for yeast development in cake preparation.
 

A. Ei-Saleh, K.B. Singh and M.C. Saxem 

2.2. Molecular Techniques in Chickpea Inprovement 

2.2.1. Development of Non-radioactive WA-marker Technique 

In order to use LkA-markers which have already been mapped elswhere a 

bacterial transrorwation system has to be established. Single copy DNA

markers are usual y inserted as foreign DNA in a bacterial plasmid vector. 

Piasmid [WNA can be intioduced into bacteria byysubjecting them to a heat 

shock or high electric current which tmkes them temporarily peimeable to 

small DN7A molecules. To identify these transforms, a selecable marker 

(ampicilliniesistance) encoded by the plasmids is used.
 

Thity chickpea clones of a cDNA library supplied by Dr. F.J. 

Muehlbauer, Washington State University, Pullman, USA, were transformed 

using above teclhique and grown. They are nmintained in a glycerol 

culture stor-ed at- 45'C. The aplified plasinids have been extracted out 

of the ba:cteria by mini plasmnid preparation (Fig. 2.2.1). In this form 

they -:,in uetve -s A tnL"Hate for- labelling with the nonradioactive 

[rnlecuI-l ditjuxigonin. 
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Figure 2.2.1. Cptirnization of the PCR reaction on the Hybrid PCR-machinefor two different chickpea clones (from right to left toppart of gel); lane 1 marker, lane 2, 3, 4 (first chickpeaclone) 5, 6, 7 (second chickpea clone) Taq-polymerase conc.0.5, 1, 5 units respectively, lanes 8, 9, 1O'and 11, 12, 13
primer conc. 0.05, 0.1 and 0.2 uM, bottom part of gel lane1marker, lanes 2, 3, 4, and 5, 6, 7 dNTP conc. 50, 100 and200 pM, lanes 8, 9, 10 .ind 11, 12, 13 MgCl 2 conc. 0, 2, 4 

Using the Polymerase Chain Reaction (PCR), DNA sequences can be 
amplified using the bacterial Taq-polymerase. If one of "he artificial 
nucleotides is substituded by the nonradioactive-labelled molecule UTP
digoxigenin it will be built into the double stranded DNA molecule. In 
comparison with the unlabelled DNA it will run slightly slower on an 
agarose gel. This labelled-DNA sequence can then be used as a labelled 
probe in a nucleic acid hybidization. We have optimized the conditions 
for the PCR labelling with our PCR machine (Figure 2.2.2). We are able to
 
label single-copy sequences (DNA-marker) nonradioactively (Figure 2.2.3). 
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Figure 2.2.2. 	Aplification of 10 ctNA chickpea clones within the PCR 
reaction: a) identical replication (as seen, froxm left to 
right in lanes 3, 5, 7, 9, 11, 13, 15, 17, 19 and 21; b) 
labelled with 10% digoxigenin (as seen in lane 4, 6, 8, 10, 
12, ,1, 16, 18, 20 and 22). Final concentrations of single 
coodnents in the reaction mixture were (100 pi): reaction 
buffer ix, nucleotide6 ATP, GTP, CTP, units, reverse and 
sequencing primr pUC/M13 0.2 pM. In the labelling 
reaction with digoxigenin 10% of the nucleotide TIP 
concentration was replaced by digoxigenin-11-UTP. 

Figure 2.2.3. 	 Miniplasmid preparation of 5 chickpea clones. Inserts were 
cut out with an EcoRi/HindiII restriction digestion. Fran
 
left to right lane 1pUCl8 linarized with HindIII, lanes 3, 
4, 5 clone C71, lanes 6, 7, 8 clone C69, lanes 9, 30, 12 
clone C75, lanes 12, 13, 14 clone C81 and lanes 15, and 16 
clone C93.
 

We are perfecting the protocols for nucleic acid hybridization of 

norxadioactive-lalelled, single-copy probes and their detection with 

chemiluminescence. Nonradioact ive - labe-lied probes which are hybridized to 
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gencmic ICA are detected with an and
antibody visualized with a 

chemnilurinescence reaction. 

M. Baum and F.J. Muehlbauer (WSU, Pullman)
 

2.2.2. Wide Crossing
 

Crosses between Cicer .arietinu and wild relatives except C. reticulat 

and C. echingoermam are usually not possible. A wide crossing program 
was initiated between C . arietinu and C. bijM .judaicum and C. 

pinnatifidum. 
Pre- and post fertilization barriers will be studied. We
 

are aiming to establish polyploids which can be crossed either with 
diploids or with tetraploids in order to produce either fertile hybrids or 
to induce recombination between the chromosomes from the different 
species. M. Baum and K.B. Singh 

2.2.3. E 
Marker for Variety Identification
 

Use of EMA-marker for variety identification will allow to follow up the
 

distribution of newly released cultivars 
(Ghabl, Ghab2, Ghab3) and to
 
check the purity of the material. Plants were sampled 
from seed
 

"multiplication fields within Tel Hadya. 
 Two enzyme/probe combinations 

were successful to distinguish between all 3 cultivars Fig. 2.2.4. and 
2.2.5. Especially the combination BamHI/(CTA)4 reveals variety-typical
 

banding patterns. Ghabl is characterized by the presence of a 
band with
 
10,000 bp length, Ghab2 carries a cultivar-typical band of 7,600 bp length
 

and Ghab3 shows a unique band of 8,000 bp length. The genetic variability 

within the cultivars and the genetic distance between them will be 
calculated when more plants are WA-fingerprinted using RFLP.
 

F. Weigand and W. Choumane (University of Lattakia)
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2.2.4. DNA Marker for Resistance to Ascochyta Blight 

From a cross made between the Ascochyta blioht susceptible line IC 1275 

and rF-istant line ItC 3279 a segregating F2 population was analy, .- to 

identify bands which corrlate with the trait expression of blight 

resistance. Figure 2.2.6 shows DNA-fingerprints of the selfed parents. 

The banding pi, terns are nearly identical between the sibli.igs and 

indicate a high degree of hamozyqosity within the respective parents as 

well as a lw mntation rate at the hypervariable loci tagged by the 

repetitive oligcnucleotide probe. Figure 2.2.7 shows the F2 population. 

A close linkage between the presence or absence of a band and Ascochyta 

blight re3istance could not yet be established.
 

F. Weigand, S. Ungi (ICARDA) and G. Kahl (University of Frankurt)
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Figure 2.2.6. DP,. Ungerp-ntn of sel fed nihings of I1C 1275 and IILC 
3279. Total :IV wan dige.ted th Taqi and probed with
(dATA) 4 . 17n,.s 1 ee;tain the .ndividual prrxgrnies of ILC 
1275. Lane 7 "7or iins thj nr-ecul aru-a gight marker. lane 8
11 contain ini 'IJa] ruQ rnien of 1IIC 3279. 
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of TaqI-restricted DnA from 39 F2 plants from a cross 
ILC 3279 with (GATA) 4. 
ILC 3279.. BstE was used as molecular weight marker. 
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2.2.5. Variability in Ascochyta rabiei 

Progra s for control of Ascochyta blight and resistance breeding in 

chickpea necessitate a reliable ident ification and characterization of 

A. rabie it:1,ty>s and w-)pu]aliKns. The classical biological 

pathotyping technlique using a set: of different: host genotyp s, is 

laborious, tine c'nsuding and requires strict standardization of test 

conditions. Its use is limited to exrrei/express differences in 

plant-pathogen interactions. A reliAble characterization of the 

genetic make-up of different strains of A. rabiei, levelstheir of 

aggressiveness, their extent of variability, geographic distribution 

and their genot:ypic and phe: otypic interaction (s) with the host plant 

is, therefore, very difficult to achieve by mans of biological 

pathotyping. 

In collab)ration with University Frankfurt,of Germany a 

nonradioact ive DTN-marker uechnmique (RnLP fingeiprinting) has been 

developed for genetic tpino to differentiate b-etween A. rabiei 

isolates. The testing of various isolates war standirdized and is 

routinely ;erfo T1d the enzmeusing restriction in I and the 

digoxigenated oligonucleotide probe (GATA) 4. This enzyme/probe 

combination gives the best discriminating power to distinguish between 

A. rabiei isolates. 

During 1992 A. rabiei sanpies were collected from all chickpea 

growing areas in Syria. Iese were added to the existing collection of 

isolates obtained in 1981'82. Eue to the unfavorable weather 

conditions in 1992 Asco:hyta blight did not develop into severe disease 

6 
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outbreaks and new isolates could only be collected in a few locations
 

and did not permit to apply a systematic sampling scheme. Figure 

2.2.8. shows the collection sites in Syria. Newly collected isolates
 

Jr 

flI j.... 

DOamascus 

,, - -4shmo w l cll 
Figure 2.2.8. 	 Map of the region where A. rabiei was sampled during 

1991/1992. Collection sites are marked with an open 
circle.
 

have 	been cleaned and purified and were added to the A"scochvta rabiei
 

Genmplasm Catalciq with th-e abbreviation AA for Ascochyta Aleppo and a 

running nuprbsr as new accessions. For genetic population studies in 

plant pathogenic fungi a hie rarchical sarpling scheme has to be used. 

This 	 hierarchical scin he wlllowto reveal the genetic 

variabilit'y ln 	rp,, en raultc, and among them. This 

h-elp 	in !-din-

b- coeoec area 

information will de h future, sanpiing strategy and the 

numlxr of) l xa; he r ch ick growing to make a 

n)?anin~if>:irr: nst-uriy *o -niio the imTitation rare, frequency of 

sexual reobna o vents ,s :is in population and migration of A. 

rabiei g.2.8. in the reioregion. The genetic typing of new 
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accessions was complemented with the biological typing to characterize 

their level of aggressiveness. Once a new accession is shown to be 

distinguishable by genetic as well as biological typing it will be 

called a zace with the abbreviation IAR (for International Ascochyta 

rabiei) and will be given a running number. Figure 2.2.9 shows the 

genetic typing of new accessions. 

kb 

.... 3 .5 
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t- 1.6
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Figure 2.2.9. Genetic typing 
of new A. rabiei accessions from
 
different locations in Syria. Lane 1) Tel Hadya site a

(AAI3), 2) Tel Hadya site b (AA15), 3) Jinderiss (AAI7),
4) Ghab valley (AA1l), 5) Izraa site a (AAI0), 6) Izraa
site a (isolated from the same lesion as AAI0), 7) Izraa
site b (AAS), 8) Izraa site b (isolated from same lesion
 
as AA8). Molecular weight are inmarkers indicated 
kilobases.
 

The accessions from two fields close to Izraa (AAI0 and AAB), Ghab 

valley (AAII), Jiinderiss (AAI7) and one new sample from Tel Hadya 
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(AAl3) could be distingiushed from each other and they also differ fran 

all the isolates collected during 1981/82 (see LP Annual Report 1991). 

A second newly sampled isolate from Tel Hadya (AAl5) is 

indiscinguishable from twj isolates sampled in 1981/82. These 

relatively small set of datA indicate that many different genotypes may 

exist in Syria. Migration of genotypes might occui over large 

distances since the same genotype was sampled in two locations about 70 

km apart (Tel Hadya and Jinderiss). One new accession was isolated 

from Tel Hadya and is indistinguishable from 2 isolates which are used 

in the Ascochyta blight nursery. When 2 isolates were made out of one 

lesion they could not be distingiushed. The reidentification of 

genotypes fron distant locations, after artificial release or 

originating frm one lesion indicate a higher genetic stability of A. 

rabiei genotypes than expected. 

The results fram genotyping the new accessions were supported by 

the respective biological typing. Three purified host genotypes were 

used as differential set (ILC 1929 susceptible, ILC 482 tolerant and
 

ILC 3279 resistant) in a standardized seedling test to determine and 

compare the level of aggressiveness ot new A. rabiei accessions. As an
 

exarmple, the new accession from Jinderiss (AAl7) shows the same strong 

aggressiveness as one genotypically indistinguishable sample collected
 

at Tel Hadya (AA15) (Fig. 2.2.10) . Such a high level of aggressiveness 

is contrasted by a genotypically eauy distinguishable genotype from 

Izraa (AA9) which posses a lower level of aggressiveness (Fig. 2.2.10). 

F. Weigand, A. Djandji (ICARDA) and G. Kahl (University of Frankfirt) 
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Figure 2.2.10. Biological typing of three A. rabiei accessions 
collected during 1991/92 at three different locations
 
in Syria. Accession AA9 fran Izra, AA15 fran Tel Hadya
 
and AA17 from Jinderiss.
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2.2.6. E Marker for Leafmniner Resistance 

To identify DNA-marker(s) for leafminer resistance in chickpea, parents 

with contrasting reaction to Liriamyza ciceri were crossed to develop
 

the necessary F2 population. Figure 2.2.11 shows the trait evaluation
 

of the parents and the respective population. The genome analysis
F2 


will be conducted with the pooled DNA from F seeds deriving from
3 


individual F2 plants. 

F. Weigand, S. Weigand and A. Joubi 

08
 
100 

60
 

40 
F2 

20 'P2 ILC 5901 

0 	 P1 ILC 482
1 2 3 4 5 6 7 8 9 

Visual damage 	score 

Figure 2.2.11. 	 Distribution frequency of the visual damage score. ILC 
482 was used as ousceptible female (Pj) and ILC 5901 
as resistant male (P2) parent. 
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2.3. Chickpea Pathology
 

Chickpea suffers from several diseases in the ICARDA region, but 

Ascochyta blight is the most important. A major emphasis is therefore 

given to identify durable and stable sources of resistance to Ascochyta 

blight for use in hybridization program. 
Of other diseases, Fusarium
 

wilt and other soil-borne diseases are ccmmon in parts of North Africa. 

Screening for wilt resistance is carried out in cooperation with 

national programs in Tunisia and Spain. 
Stunt (bean leaf roll) virus
 

is present throughout the region, but at present it is of minor 

importance.
 

The objectives of chickpea pathology research at ICARDA are to: (1)
 

screen chickpea gernplasm for identification of sources of resistance
 

to Ascochyta blight by using field screening technique, (2) cobine 

efforts with chickpea breeder towards the development of high yielding
 

and cold-and Ascochyta blight-resistant chickpea cultivars, (3) share 

the resistant accessions with national programs through international
 

disease nurseries, (4) monitor the presence of 
pathogenic variability 

in Ascochyta rabiei, (5) study the epidemiolcoy, of Ascochyta blight, 

(6) collect information on other chickpea diseases in the VUA region 

throuah field surveys, and (7) develop cooperative research with 

national programs. 

2.3.1. Screening for Ascochyta Blight Resistance 

2.3.1.1. Segregating generations 

Evaluation of chickpea segregating generations against six races of A 

rabiei was done in the 1991-92 season. The results of screening are 
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shown in Table 2.3.1. Fifty-three F6 progenies wer rated 2 and 941 

progenies had rating of 3. Very few F6 progenies showed susceptible 

reaction which was a result of effective screening in the previous 

Vseason. Many F5 lines also showed a rating of 2, 3 and 4. Thus these 

large number of resistant lines allowed bulking of promising and 

uniform progenies as possible future cultivars. Also, thousands of 

plants resistant to A. rabiei in F2 were bulk harvested to be grown in 

the off-season. The resistant plants in F4 generation were harvested 

individually. One important achievement of this season was that many 

early progenies were resistant to Ascochyta blight. 

Table 2.3.1. 	 Reaction of F to F generations to Ascochyta blight at 
Tel Hadya, 1961/92 

Reaction on a 1-9 scale 
Generationi 1 2 3 4 5 6 7 8 9 !il 

F2 Bulk 0 0 56 48 31 21 22 7 0 185 
F4 Bulk 0 0 140 50 44 13 0 0 0 247 
F5 Prcgeny-L 0 0 149 20 21 9 1 0 0 200 
F5 Pxrgeny-E 0 0 51 76 2 2 4 0 0 135 
F5 Progeny-G 0 401 1666 301 240 191 60 17 2 2878 
F6 Progeny-L 0 25 90 39 23 20 20 12 3 232 
F5 Progeny-T 0 21 259 73 10 1 0 0 0 364 
F6 Progeny-E 0 7 137 24 19 17 10 6 3 223 
F6 Progeny-G 0 0 455 153 96 81 28 12 7 832 

'Abbreviations used were: L = large; T = tall; E = early; G = general. 

2.3.1.2. Confirmation of resistance in new gernplasm 

ICRISAT furnished 795 kabuli and 2214 desi accessions. When evaluated 

in the disease nursery in the 1990-91 season, 10 lines had a rating of 

3 and 17 lines a rating of 4. These 27 lines were reevaluated during 

1991-92 and results are shown in Table 2.3.2. The resistance in all of 

them was confirmed.
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Table 2.3.2. Reaction of 27 new to a'-ick.ea gernplasm accessions 
mixture of six races of A. rabei 

Type of chick4pea 1 2 3 4 8 9ota 

Kablu i-- 0 . . 0,--- 0 6 
Vs i 
Total 

0 
0 

17 
23 

2 
2 

2 
2 0 

0 0 
0 

0 
0 

0 
0 

21 
27 

2.3.1.3. Screening of breeding lines
 

All b-,edii_ 'ines (1615) developed b tween 1981 and 1990 had been 

eval,atd ,:s.-in. disease infested debris and inoziclation with six races 

in thn 190- I 1 Ieatlson. n. i co,1n I i',s ;,,. iiont i fld as 

resistJsu with 2 4 Tatiri.now, 1nes were evahnated in the 

greenioue aid lield during !" -2imni stlts a. siK in Table 

the , 392..3. In ar. :0hOu:Opo:nun d ra of and' a i 2 225 lines 

a rating of 3 Lo 5. .ievar, 73 lines shcd scc Ible reaction. In 

the field, 292 lines (78. 1%) received a "Q2ti, ins hiad a 

rating of 4. in field, only eight lines w'e.r ne susceptible. one 

hundred and seventy-two lines ere resistant unde' tield and green.house 

conditicns.
 

Table 2.3.3. Reaction of breeding i ies inculated by diseased debris 
and a nixture of six races of A. rabii in the greenhouse 
and field, M hAdj, 1991192
 

UiP. :i.
- ~a~s~c:]C: I9 scale 
cn19scaleLocation 1 
 .
 7 3 9 Total 

Greenhouse 0 '' 33 5 1 0 1071 
Field C 2920 62 
 14 6 0 2 0 374
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2.3.1.4. 	 Reaction of lines in Chickpea International Ascochyta Blight 

Nursery 

Fifty entries identified resistant against six races of A. rabiei at 

Tel Ladydy re rtnished to coc,-rators in 22 countries during 1991-92. 

These ' are also evaluated at Tel Hadya. 'Im-o lines were rated 2, 35 

rated 3, 8 rated 4, and 3 rated 5. Only two lines had a susceptible 

reaction (rating 6). 

2.3.1.5. Other material 

In 1987-89 crosses were made for inheritance of resistance to Ascochyta 

blight as a ;nt if tne Ph.D. thesis of Mr. B.A. Malik firn Pakistan. 

One Of the Object'Ivs was to py-ramid gens for r.sistance to A. rabiei 

fror . s2 0c<s. i,- tSo i:es apoaired very pcroising. Thediverse :> 

reacticn of A5 and P6 mt::.aia was" eva5 at"d in i99 /'2 Al 1 52 F5 

prc]enae ar;,d.2- 2-r, t .. i 2,4 P6 .:emen i 7 ma:na . ining 

5 F6 c: :a "Litt:ng of 3. " :,ni-ed " ,mnd 12 F1 plants with 

2 rating and ad ocuca. stm. r to- attl: rot.n have be.en selected. 

They will be evaitated nz2<t season. 

2.3.2. Susceptibility to Blight at Different Stages of Crop Growth 

c: the soso:p. 

growth is essent fit s."ect t.e st for 

Infor.;tin o oLil ity t: P. ogo_ at di f-:fre-t: stages of crop 

":. 1ng wrop: an I inoculating 

te .:'plants in nes=nte~e bre.dina om :m. A st .iy was conducted in 

the '.:.erinous5e . 30 
, lif 7_.:'r.!,ap ge:' differing in 

blight sun.-:- :y. 're :nv'1iAd witth ; {ta b]ight at 

seed , :c<i yfet at ve,.V'-. , and.orWdding stage s S...wings were 

staggered on four dates during the fall of 1991 to obtain plants in 



87 

seedling, mid-vegetative, flowering, and podding stages for inoculation 

at the same cite. A split-plot design was used with stages as main 

treatmc-nts and genotyas as sub-treatments. For each stage of
 

inoculation and each genotyix , 3 pots with 5 plants in each pot 

replicated three tim,-s ,ere used. 

°lhe plants wre ainculated by spraying a spore suspension (100,000 

spores ml1) of the ixtore of six races of A. rabiei and covered with 

plastic caq-s for a aek to increase relat P.,, hu:1idity to over 65%. 

Seerit, of ii ht w'as scotoed aon 1-, ocle one month after 

inoculation. . * . t , was ccn-,?i:t-t hur en ctober and IDecemier 

1991 and thenr< .t'.:.,.jre, t ,.a: y air:i Mlarch 1992. 

Blight severity score
 

8 L.S.D. (5%) 0.523
 

7
 

6 6 1I
 

5.21 5.17 

4.44
 

4
 

3 

2 

Seedling Vegetative riowering Podding 
Stage of crop growth 

Figure 2.3.1. '4?an blight 1z, cof n ne ,hicky,:ageiotyes
when te tfour )! '.1op mo-'tl. 
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The blight severity differed significantly at different satges of 

crop growth. The interaction between year and stage also--was 

significant. The genotypic variance was highly significant and so was 

the interaction between genotype and stage of crop growth. The blight 

severity score was minimum (4.4) at seedling stage and maximum (6.1) at 

podding stage (Fig. 2.3.1). Blight severity was about the same at 

vegetative and glowering stage. However, at these two stages blight 

severity was significantly more than the seedling stage but less than 

at the podding stage. Therefore, it will be desirable to score 

genotypes at podding stage for the correct assessment of damage from 

the disease. This study also suggests that the crop is least damaged 

if attacked by the disease at the seedling stage. 

K.B. Singh and M.V. Reddy 

2.3.3. Couponents of Resistance to Ascochyta Blight 

The effect of the various components of resistance on the disease has 

been shown to vary with the different developmental stages of the 

plant. Not only the latent period but also the sponlation capacity and 

the lesion expansion have been reported to vary between the seedling 

and the adult stages of the plant. The effect of the developmental 

stage of the chickpea plant on the expression of the ccmponents of 

resistance was, therefore, studied. 

Sixteen chickpea genotypes of variable susceptibility levels were 

selected. Studies were undertaken at the seedling stage on plants 

grown in the growth chamber and at the flowering stage on plants grown 

in the greenhouse. The disease developent was also followed up to the 

7. 
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podding stage on plants in the field. A mixture of several A. rabiei
 

isolates was used for artificial inoculations.
 

For ,:he growth chamber experiment seeds were planted in sterilized 

soil in small flat plastic trays with 5 plants per genotype and 5 
genotypes per tray. Each tray was rep icated 3 times and the trays were 

randomly distributed in the growth chamber in a comp]e.tely randomized 
design. The growth chanLber was set on a 14h day temperature of 20 0 C 
and a 10h night terperature of 150C. Ten day old seedlings were 
inoculated with a spore suspension at a concentration of 300,000 spore
 

rdI-.The plants were 
then covered with a plastic cover for 96 
h to
 

ensure pruper infaction conditions.
 

Three days after inoculations, regular readings were started on 
each plant individually at a two to three days intervals for the lesion 

size (LS), the appearance of firstthe pycnidia on the stem lesions 

(LP) the nunber (PN) and size (PS) of the pycnidia on the diseased 

tiissues and ,soulation (SPO). The methodology fcllowed for the 
measurement of the disease coponents has been decribed before (LP
 

Annual Report, 1991). Only 
 the measurement of the sporulation varied 

slighlty. Lesioned areas were cut from the plants, weighed fresh and
 

incubated in a moist chamber for 48 h for spore release. Every 5 plants 
of a genotype in a tray were pooled together and treated as a unit. 
After incubation, the diseasedcut tissues were soaked in 20 ml of 

sterilized water for 4 h for spore release. Two readings on spore 
concentration were taken from two aliquots that were taken from the 
resulting spore suspension in each replicate. The resulting sporulation 
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parameter measured after dividing the concentration obtained by the 

fresh weight of diseased tissue was !porulation per gm lesioned stem 

area. The disease severity rating (DEk)was also taken at 7 and 10 days 

after inoculation. 

In the greenhouse, ten seeds of each of the 16 genotypes were 

planted in sterilized soil in a 30 cm diam plastic pot. Each pot was 

replicated twice. The pots were randomly arranged within each 

replication and the replications were placed at different locat. Dns 

within the greenhouse resulting in an RBD. The temperature was set at 

20 0 C in the greer-nouse. At the flowering stage, the plants were 

inoculated with a spore suspension of the pathogen at a concentration 

"
 of 500,000 spores m1 . After inoculation, the pots were covered with a
 

plastic hood for 96 h to allow for enough humidity for infection to 

occur. Readings oD the disease severity and the latent period (the time 

lapse after inoculation before the first pycnidia appear on the stems) 

were then taken on individual plants 6, 11, 15 and 18 days after 

inoculation (dai). No readings were taken beyond 18 dai since the 

disease no longer developed and the lesions almost stooped expanding. 

The diseased tissues were then selectively cat from each plant and the 

cut material from each genotype per replicate (10 plants) was incubated 

in a moist chamber for 48 h and the sporulaJ rn was then measured a- in 

the growth chambar experiment. 

In the field, each genotype was planted in a 4 X 10 m plot. The 

plots were laid next to each other in four rows of 4 plots each. The 

genotype in each plot was randomly selected. Surrounding the plots, 



91
 

highly susceptible chickpea genotypes planted
were which acted as a 

check and a continuous source of inoculum. Plants were sown in 

December, 1991 and just after emergence in Feb., 1992, dried infected 

plant debris was spread in the fields. In mid April, 1992, a highly 

concentrated spore suspension of A. rabiei was sprayed in the field. 

This inoculation was repeated two more times at weekly intervals. 

Interrupted mist irrigation was given daily and up to a week after 

inoculatior to ensure proper conditions for infection and disease 

developmnent. Twc weeks after the last inoculation, the check plants
 

surrounaing the F-lots were ompletely killed indicaEing a good disease 

establishment. At the early seedling scage, 20 plants per genotype were 

:-andonily selected and tagged. Readings were taken on these plants on 

disease developmwnt at the seedling, at the flowering, ana at the early 

and late podding stages and the appearance of the first pycnidia on the 

stems. 

Groth chamber results: At the seedling stage most genotypes showed 

high susceptibility to the disease. 
The disease severity rating 10 dai
 

ranged between 7.56 and 2.86 with significant differences among the 

genntypes. The latent period varied between 5 and 13 days and for most 

gvnotypes increased with the increase of the genotype resistance. Few
 

gEnotypes, such as ILC 3856, ILC 6188 and ILC 2956 however showed short 

latent periods with low disease severities (table 2.3.4). The LP was 

significantly correlated witn the DSR (table 2.3.7) but the
 

relationship was not linear and the rate of pycnidial appearance (I/LP) 

had a higher linear correlation with the disease rating.
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Table 2.3.4. 	 Disease severity (DS), mean latent period (LP), 
pycnidial size (PS) and number (PN) and sporulation per 
g diseased tissue (SPO) on -0 chickpea genotypes 
inoculated with a mixture or isolates of Ascochyta. 
rabiei at the seedling stage.
 

Genotype DSI DS2 LP LES3 PS PN SPO 
(7 dai) (10 dai) (days) (cm) (um) (million) 

F. 81-41 6.33 7.56 5.00 0.73 114.2 111.8 37.23 
ILC 37(7 5.07 6.33 5.67 0.61 119.5 124.8 20.52 
ILC 3568 5.46 6.23 5.85 0.90 126.5 89.9 25.05 

ILC 3593 5.' 4 6.15 6.08 0.74 128.6 74.2 31.65
 
F. 84-158 3.'71 4.71 6.57 0.52 117.7 39.6 5.19 
F. 87-75 3.40 4.70 6.40 C.50 109.7 71.6 5.23 

ILC 482 3.86 4.64 8.15 0.52 123.5 103.2 8.47 
ILC 6189 3.30 4.1.0 7.71 0.42 135.6 76.9 4.53 
F. 81-336 2.31 3.85 9.09 0.34 109.5 54.9 1.58
 

F. 89-1 2.75 3.67 7.66 0.40 117.2 19.7 0.52 
F. 88-84 3.00 3.54 10.50 0.29 133.3 79.9 7.19 
ILC 3279 2.71 3.50 10.11 0.39 109.3 88.9 3.11 

F. 81-34 2.78 3.43 13.22 0.29 121.8 73.4. 2.01 
ILC 3856 2.30 3.30 5.00 0.89 139.3 60.3 4.75 
ILC 6188 2.64 3.00 6.80 0.41 130.0 20.9 0.46 

ILC 2956 2.43 2.86 7.33 0.56 116.5 21.6 0.08 

Mean 3.62 4.49 7.58 0.52 121.6 69.4 5.89 
LSD (P<0.05) 0.60 0.61 1.24 0.19 10.18 33.2 -

As in the studies done on seperate races of the pathogen on a 

series of genotypes, the DSR was not correlated with the PS although
 

there were significant differences anong the pycnidial sizes on the 

various genotypes. Similar to the LP, the average PN per 5 mm lesioned 

tissue was correlated with the disease but it was not the best disease 

indicator.
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The disease severity rating used in this study is based on the 

lesion size up to a disease rating of 4. Accordingly mtnd as expected,
 

the lesion size was highly correlated with the disease. As in the 

previous results on individual races, the lesion size at 10 dai (LES3)
 

was the best indicator of the disease at that time with r=0.84 (Table 

2.3.7).
 

The highest significant association with the disease rating was 
obtained however, with the sporulation measurements. The sporulation 

per gram diseased tissue at the time of pycnidial maturation had a 

correlation coefficient of r=0.96 with the disease 10 dai. Since the
 

sporulation measurement done onlywas on diseased areas of the stems, 

the effect of the number of lesions on the plant on the total 
sporulation is eliminated. The sporulation component SPO analysed here 

is a direct indication of 'he actual sporulation of the lesions on a 

specific cenotype.
 

Greenhouse results: The disease severity on the plants in the 

greenhouse was low indicat-ng that the plants are more resistant at the
 

flowering stage than the seedling stage 
 (Table 2.3.5). This, however, 

could have been the result of a low inoculum level or the fact that the 

plants in the greenhouse were predisposed to be more resistant to the 

disease or the seedlings in the growth chamber predisposed towards 

susceptibility. The conditions in the greenhouse may also have not been 
always favorable to disease thethe since fluctuation in light 

intensity and relative humidity could not be perfectly controlled. 

There were no clear significant correlations between the disease 
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ccmponents LP and SPO studied and the disease severity of the 

genotypes. There ware large variations between the individuals within 

the same pot or sampling unit, further suggesting that the inoculum 

spread was not so uniform. Still, there was a significant correlation 

between the disease severities 7 and 10 dai of the plants at the 

seedling stage and the disease severity at the flowering stage (Table
 

2.3.7). Neither the LP nor the SPO parameter in this experiment could 

reflect any level of resistance in the plants at either the seedling or 

the flowering stages of the plants. 

Field remlts: The disease development in the field was followed and 

the four readings taken (U1 to DS4) reflect the seedling, flowering, 

early and late podding stages of the plants. Table 2.3.6 shows the mean 

DS at the various developmental stages of the crop, the area under the
 

disease progress curve (AUDPC) and the mean latent period (LP) of the 

genotypes under study. The AUDPC was calculated according to the 

trapezoid method while assuming that at time zero the disease reading 

was nill. The latent period refers only to the appearance of pycnidia
 

on stem lesions and not leaf lesions which often produce pycnidia much 

earlier. 

The highest disease reading of 8.4 was reached by the genotype 

F.81-41. The weather conditions were obviously nct favorable for the 

disease development up to the second reading since the rating remained 

low fcr all qenotypes. The rain showers that fell between the second 

and the third re-idings greatly enhanced the disease development and 

specially on the susceptible qenotypes. As expected, the AUDPC was a 
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good indicator of the maximum disease level 
reached and of the general 

susceptibility level of the genotype (Table 2.3.7). The highest DS 

reached (DS4) and the AUDPC were highly correlated with the disease 

level at the seedling stage, more at dai at7 than 10 dai as well as 

the disease severity level at the flowering stage in spite of the low 

disease level obtained in that experiment (Table 2.3.7). They were 

highly correlated with the sporulation level of the diseased tissues at 

the seedling stage but not at the flowering stage. They were however
 

not correlated 	with the latent both neither at the seedling and at the 

flowering stage.
 

Table 2.3.5. 	 Disease severity (DS), mean latent period (LP) and
sporulation per g diseased tissue (SPO) on 16 chickpea
genotypes inoculated with a mixture of isolates of
Ascochyta rabiei at the flowering stage.
 

Genotype DS1 
 DS2 DS3 DS4 LP SPO
(6 dai) (11 dai) (15 dai) (18 dai) (days) (million) 

F.81-41 1.25 1.92 2.92 3.92 15.0 8.86ILC 3707 	 1.40 2.50 2.95 .80 14.5 1.36ILC 3568 	 1.45 2.85 3.45 4.15 
 12.7 1.63
 

ILW 3593 1.26 2.42 3.32 
 3.119 12.6F.84-158 	 1.38 2.06 
9.04 

2.25 2.56 
 18.0 0.00
F.87-75 	 1.12 
 2.12 2.41 
 2.76 15.0 
 21.05
 

ILC 482 1.25 2.25 2.65 2.85 14.6 2.91
ILC 6189 	 1.63 
 2.56 2.81 2.81 
 11.8 6.98
F.81-336 	 1.21 2.16 
 2.42 2.63 
 14.0 0.00
 

F.89-1 	 1.74 2.16 2.37 2.74 15.6 5.56F.88-84 	 1.65 2.10 
 2.15 2.45 
 14.7 2.56
ILW 3279 	 1.50 
 2.39 2.78 
 3.00 11.2 
 9. 57 

F.81-34 	 1.06 1.94 
 2.28 2.61 
 15.2 30.77
ILC 3856 	 1.27 2.07 2.33 2.60 14.0 
 7.14
ILC 6188 	 1.60 
 2.30 2.50 
 2.70 12.2 
 7.14
ILC 2956 	 1.50 2.39 
 2.56 2.78 
 13.0 5.88 

Mean 1.40 2.28 2.66 3.05 
 13.8
TSD (P<0.05) 	 0.34 0.41 
 0.56 0.69 
 2.66 
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Table 2.3.6. 	 Disease severity at four different developmental stages 
of the plants (DS1 to DS4), area under the disease 
progress curve (AUDPC) and mean latent period (LP) on 16 
chickpea genotypes inoculated with a mtxture of isolates 
of Ascochyta rabiei under field conditions
 

Genotype UO 1 DS2 DS3 DS4 AUDPC LP 
(days) 

F. 81-41 2.13 2.33 7.47 8.36 293.6 45.9
 
ILC 3707 2.65 3.30 6.45 6.95 281.6 43.4
 
ILC 3568 3.25 4.55 7.75 8.65 350.9 31.2
 
ILC 3593 2.40 2.85 5.89 6.95 260.2 45.1
 

F. 84-158 2.00 2.09 2.85 3.85 151.6 50.6
 

F. 87-75 2.00 2.05 3.55 4.50 172.5 58.0 
ILC 482 2.30 2.60 4.00 4.25 191.6 49.2 

ILC 6189 2.30 2.30 2.56 3.00 146.3 54.8 

F. 81-336 1.90 2.10 3.80 4.30 175.0 56.0
 

F. 89-1 1.30 1.90 3.80 4.15 162.1 49.8
 

F. 88-84 1.60 1.85 3.50 4.45 163.9 52.5
 
ILC 3279 2.05 2.25 3.10 3.45 157.2 54.4
 

F. 81-34 2.15 3.10 5.35 5.95 240.1 44.1
 

LC 3856 1.95 2.15 3.21 3.32 155.3 50.0
 

IC 6188 2.70 2.75 3.20 3.95 180.6 58.1
 
ILC 2956 2.70 2.80 3.56 4.16 190.9 42.7
 

Conclusions: The significant inter-relationship between the disease 

reaction in the field and the disease in either the seedling or the 

flowering stages indicates that the primary screening for Ascochyta 

blight could iW nde at- the seedling stage. Still however, sorm 

genotycL±s such as FLIP 84-158 and LW 6189 were susceptible at the 

seedling stage hut shlo.ed resitance in the field. On the other hand 

genotype FLIP 81 34 showing resistance at the seedling stage was 

suscept ible unde. fi._df cndhrions. This latter genot~vp a!so showed 

an exceptircnally hig;h strnn lat irn level in the greenhouse at the 

flowring stag 'TAB. 2 n spit,- rf its Je-w dise.ase severity rating. 

Plants susceptible at the seedling stage usually do not sui-jive until 

the adult starie if the disease pressureIs high and are usually 
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eliminated from the breeding material. 
 Those plants showing resistance 

at the seedling stage could be further screened for resistance to later 

developnental stages.
 

The latent period, a very important component of r-asistance in 

many pathosystems showed a lot of variability in our study. High 

susceptibility is always associated with very short latent periods at 

least at the seedling stages. Resistance however,was not always 

associated with long latent periods. Similar results wre also observed 

in stu:dies usinq other genotypes and using individual races of the 

pathogen. This would suggest the prcsence of different mechanisms of 

resistance in the various genotypes.
 

The level of sporulation should be further included in the 

screening studies since it is gives a further indication of the 

resistance level of a genotype and the method used is simple. It is 

hcwever irrotant to test other methods of sporulation measurements 

such collecting spores over time in order to theestablish best 

measu-rement methcal which could help in disease screening. Neither the 

pycnidial nmL-er nor the pycnidial size was bettera measure for the 

disease resistance than the srpxonulation. The methodology used in this 

study for measuring pycnidiai number could definitly be improved by 

taking the stem width of the genotype into consideration. Still, unless 

the number of pycnidia on the diseased lesions could be easily and 

accurately estimated, the sporulation measurement method used in this 

study would remain a more pratical for large scale screening.
 

Wafa Khoury 



Table 2.3.7. Correlation betv.r. the disease severity (DS). the latent period (LP), the lesion size 
(I.ES), the pycnidial number (PN), the sporulation (SPO) and the area under the disease 
progress curve (AUDPC) in the seedling stage, flowering stage and under field epidemic of 
Aschochyta blight of chickpea. 

A B C D E F G H I J K 

A DS-seedling 1.00 
B LP-seedling -0.51 1.00 
C PN-seedling 0.64 ns 1.00 

D SPO-seedling 0.96 -0.50 0.63 i.00 
 kn
 
E LES3-seedling 0.84 -0.55 ns 0.87 1.00 CO 
F DS4-flowering 0.90 -0.51 0.58 0.91 0.91 
 1.00 

G LP- flowering ns as ns ns ns ns 1.00 
H SPO-flowering ns 0.44 as as ns ns ns 1.00 
I DS4-field 0.86 ns 0.53 0.86 0.84 0.87 ns ns 1.00 

J AUDPC-field 0.81 ns 0.53 0.80 0.84 0.88 as ns 0.97 1.00 
K LP-field -0.56 
 ns ns -0.55 -0.56 -0.67 as ns -0.74 -0.81 1.00 

* Values of r: 0.00 - 0.43 ; P >0.05 not significant (ns) 

r: 0.44 - 0.56 ; P <0.05 
r: > 0.57 P <0.01 
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2.3.4. Develcpient of the AMcochyta Blight Epidemic in Field 

The level of disease resistance to Ascochyta blight in chickpea is 

determined by the disease severity rating that a genotype receives. The 

mechanisms with which genotypes resist or react with susceptibility to a 

pathcgen in the field may be different. These mechanisms, if present, 

would not be revealed however, by the simple scoring of disease ratings. 

This study was conducted to understand better the reaction of various 

genotypes to the different disease developmental stages of initial 

infection, stem lesions, girdling and breakage.
 

The disease development under field conditions was moritored in 

detail in 1991 and 1992. Four genr-types were planted in s-mall plots in the 

field and the field exposed to an epidemic of the disease as described in 

Section 2.3.3. Thirty plants per genotypes were tagged in 1991 and 20 

plants in 1992, and observed individually and at regular intervals for the 

occurrence and number of branches with lesions, girdling or breakage. The 

latent period was also estimated through the appearance of the first 

pycnidia on the stem lesions. The relative vigour of the plants and their 

developr-ntal stages were also recorded.
 

Maximum disease severity reached by the 4 genotypes under study, the 

calculated area under the disease progress curve (AUDPC) and the estimated 

latent period the are in 2.3.8. periodin field given Table The latent 

(LP50) is the time from artificial inoculation until at least 50% of the
 

plants under study showed pycnidia on their lesioned stems.
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Table 2.3.8. Maximum disease severity (Ymax), area under the disease
 
progress curve (AUDPC) and the latent period (LP50) a) for 
field epidemics of Ascochyta blight of chickpea in the 
years 1991 and 1992.
 

Ymax AUDPC LP50 (days) 
Genotype 1991 1992 1991 1992 1991 1992 

ILC 482 7.41 4.25 357.6 191.6 22 50 
LC 3279 6.33 3.45 290.0 157.2 22 50 

ILC 3856 6.07 3.31 280.6 155.3 28 50 

The disease severity levels reached by the crop in 1992 is much lower
 

than in 1991 (Fig. 2.3.2). In 1991 the initial level of disease was high
 

(DS = 3-4), whereas it was only ca. 2 in 1992. The disease level in 1992
 

had not increased even twenty eight days after inoculation, when the 

plants were already in full-bloom. It was only after the several days of
 

rainfall that scc,m increase in disease severity occurred, but it stopped 

soon because of the sudden increase in te -rature and the dry weather 

conditions thiat prevailed afterwards. The increase in the disease between 

28 and 50 dai in 1992 was ainiy due to an increase in the number of 

branches with lesions Fig. 2.3.4. This indicates an increase in the new 

infections. Only in ILC 482 this increase in disease level was awccmoanied 

by a .4ft towards lesion expansion as indicated by an increase in the 

relative nurber of girdled branches. In the other genotypes, no increase 

in either girdling or stem breakage was obvious. In 1991 (Fig. 2.3.3) the 

pattern of disease developnnt was similar to that in 1992 although the 

severity was much higher. In 1991, the disease developed on all 4 

genotypes steadily. However, ILC 482, unlike the other 3 genotypes showed 



101
 

a quick shift in the relative number of lesioned branches towards girdled 

or broken branches thus indicating again a quick lesion expansion rate.
 

ILC 3856 on 
the other hand, showed a steady but slow development of
 

lesions toward, girdling then brealage. I11 3279 and FLIP 84-158 did
 

develop girdled branches but resisted stem breakage.
 

Disease sLverity rating 

0 07 0 

4- 0 

0 ILC 482 

-4- tiC 3279 
2 -A- ILC 3856 

-R- F 84-158 

21 28 38 43 49 59 72 
Days after inoculation 

Disease severity rating 

7

6

4 0 

3 ILCoc 482 

-0 ILC 3279 
2 -A- ILC 3856 

--- F 84.158 

19 20 50 69 
Days after inoculation 

Figure 2.3.2. Disease severity rating in 4 genotypes of chickpea at
 
different days after inoculation in the field in 1991 and
 
1992.
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1991 
ILC4 L t 

...' Iii~i: t0
 
II ,, i~l r e.! 

Figure 2.3.:3. Progress of Ascochyrta blight development on the branches of 
4 genotypes of chickpea at different days after inoculation 

in the field in 1991.
 

The estimated latent period for all genotypes in 1992 was 50 days 

(Table 2.3.8). This is a rather lonq period specially when it is compared 

to the estimated latent periods in 1991. If the disease requires such a 

long time before the firsL spore generation is produced, the pathogen has 

little rhance of producing several disease cycles on the crop since by the
 

time the new infections develop, the growing season would have almost
 

ended.
 

The long latent period observed in 1992 could have either been the
 

result of the reduced lesion expansion observed or was solely influenced
 

by the unfavorable environmental conditions. Studies done on seedlings in 
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1992ILC 482 
ILC 3279 

10001 

75% 

0% I, I e %-
da)l after :noculatioo 

days after Inoculation 

iv lesioned % girdled 

ILC 3856 ... % broken % bealthy F.84-159 

1009.I 
09 

G-I 0%, so 

day, afterInoculation 
day, after Inoculation 

Figure 2.3.4. PrOqress of Ascochyta blight development on the branches of4 geaotypes of chickpea at different days after inoculation
in the field in 1992. 
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the growth chamber indicated that these two resistance components act 

independently. However, the results also showed that stem lesions should 

at least reacn the average size of 0.3 cm before any pycnidia could 

develop on them regardless of the resistance level of the host (see LP 

.Tnul ---port, 1991). Considering that a disease se-,c>--t rating of 2 

indicates the presence of lesions that are <0.3 cm, no pycnidia could have 

developed on the stems in 1992 before 28 d i (Fig. 2.3.2). The lesion 

expansion would then have had its effect in delaying the latent period in 

this year. 

The results indicate that at least two factors are critical for the
 

actual losses that miqht occur due to 	 stem breakage in chickpea. The 

lesion expansion rate is the first factor which seems to be high in ILC
 

482 and which appeared in the results of 	both years although the weather 

these years were very difterent.conditions and the disease developw nt in 

The second factor is the level of resistance to breakage which might be 

the result of the stem thickness or its chemical constitution. Such a 

characteristic is demnstrated by the genotypes ItC 3279 and FLIP 84-158
 

and probably aldo by ILC 6189.
 

2.4. Clickpea 1intcmology 

In the riditerranean region leafminer (Lirinwza cicerina Rondani) is the 

mn-n pes- of chickpea and studies at ICARDA concentrate on its control 

method- and host plant resistance. Chickp,-a pcxbraer, ainly Helicoverpa 

armigera Hb. accounts for high yield losses in some rigions of India, 
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Pakistan and West Asia, but the severity of damage varies betwe-_n regions. 

Usually higher infestations were only recorded in the past in Southern 

Syria, but sLar-tig last season podborer damage has been increasing in 

Northern Syria as well. Therefore all experiments were also evaluated for 

podborer damage. In general winter-sown chickpea had low leafminer, but 

high podborer damage, whereas in spring-sown chickpea leafminer damage was 

high and podborer damage low. 

2.4.1. Population Dynamics of Chickpea Leafminer and its Parasitoids 

Chickpea leafminer 1xopulations (Lirioza cicerina) were sampled by D-Vac 

in winter- and spring--sown chickpea plots at Tel Hadya. In winter-sown 

chickpea leatminer started Occuring in mid April, reached a peak in mid 

May and disappeared with maturity of the chickpea (Fig. 2.4.1). In 

sp-.ing-so chickpea leafwiner only appeared in early May, but had 2 

generat ions with a peak in mid May and early June. In winter- and spring

chickpea populations of parasitoids of leafminer, mainly Opius 

manilicoinis and Dilyphus isaei, also reached high levels (Fig. 2.4.1). 

In the spring chickpeas, because of later crop maturity allowing the 

developTient: of second generation of leafminer even more adults of 

parasitoids t1n of leafminer, were collected in the D-Vac samples in June 

indicating a high parasitization of the second generation. This would 

reduce the number of leafminer entering aestivation. It is not known, 

however, whether these parasitoids aesitivate and hibernate as well or 

move to other hosts. If they would aestivate and hibernate in the 

leafminer pupae, it might be possible to collect and store these and use 
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them as biological control agents early in the following season. This 

aspect will be 	 investigated next season. 

Winter Chickpea 1992 

Na.|art -alt|i /6 Faar. 

40 ]--- .ll Ia. /i 

IIa /
20 

.1 -	 I a. / I 

2011- I \ / 1 
40 4 -I 

20/4 27/4 3/5 1115 17/5 24'5 7 6 

Samaaalalhlg alI , 

Spring Chickpea !992 

N l..,I aidult, /, FI rau. 

41) 	 i / 
I
•

I 
1\ 

.a.II 	 I 
20/4 274 5 1 1 45 7l - / 	 I 

2(1!4 2714 3/5 1(1S 17/S 24/5 71t' 

Sn.iI Ilag t-lla! 

Figure 2.4.1. 	 Development of population of adults of leafminer and 
parasitoids, as sampled by D-Vac at different sampling 
dates in winter- and spring-sown chickpea at Tel Hadya, 
1991/92. 

?.4.2. Chemical Control of Leafminer and Podborer 

The effectiveness of neem (zaderichita indica) seed extract applications 

for as a safe chemical leafminer control was further tested in winter- and 
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spring-sown chickpea at Tel Hadya and in spring chickpea at two on-fa1m 

locations (Alkamiye and Sqaeilbiye). The third on-farm experiment was lost 

- no germina-ion because of lack of timely rains. Tfo (at Tel Hadya) and 

three (in on-farm locations) sprays consisting of 0.5 kg neem seeds per 10 

1 water at a rate of 500 1/ha applied in early and late May and early June 

were capared with one spray of Thicdan 35 EC (2 ccl at 500 1/ha) applied 

in mid May. Check plots were sprayed with wate2 (500 1/ha) on the same 

dates as the neem extract.
 

At Tel Hadra in winter- chickpea the percent mining lcw,was but 

still significantly reduced by neeri and Thiodan (Fig. 2.4.2.). Podborer 

damage was mre severe with 19.2 % pod damage in the check. Both neem and 

Thiodan significantly reduced the pod damage to 0.4% and 4.1%, 

respectively, resulting in significant yieli increases from 1756 kg/ha in 

the Theck to 2014 kg/ha (Thiodan) and 2101 kg/ha (neem).
 

In the spring-sown chickpea at Tel Hadya the percent mining was 

higher and significantly reduced only by Thiodan (Fig. 2.4.2,. Podborer 

damage was lower (7.4% in the check) and also significantly reduced to 

less than 0.5%by both insecticide treatments. the significant yieldThus 

increases by both treatments can also be accounted to control of podborer. 



Tel-Hadya (Winter) Tel-Hadya (Spring) 

%..nIngjpodd..Xg. Seed yield(kg'h.) %.imiig1% pod d .. ge Seed yield (kg/h.)
 

4U 2!b*%46 .1titt [3% podd..a. C3..d yield 2.5001
 

I2 0WO 12.000
30 30: 

1.5001.0 

20 ~ .J 20; 7
I 1(011 1,000 

M ! ., 00 

%. Ih.d.,n Nne. .Water Thiod.. 

Alkamive Sqeilbiye
 

%0p.I dl....}... ... hsI"I I'..-. dL,.g, - m ing Seed ,.Id (k h.)4. 02.5o0 03 
40 251,1 4112.000 

30; !30: 

101i10 00
3000 
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Waer Ihid. ., .9,e Thiod.. 

Figure 2.4.2. Effect of 3 applications of nemr-seed exract as crpar-ed to one spray of
Thicodan 35EC on, ieatminer' and odIrer i-nfestation and seed yield at Tel lRadva
in winter- and Soring-sa...' and at: Alkamiye and Sqaeilbiye in Spring sawn 
chackea, 1991/92. 
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At Alkamiye the percent mining was reduced by both treatnnts, but 

only by Thiodan significantly (Fig. 2.4.2) . Pod damage was low (< 1 %) 

and the yield increises by treatmnts were non-significant. 

At Squeilbiye the leafminer damnge was highest of all locations 

and lower in both insecticide treatrwnts, but not significantly (Fig. 

2.4.2). Podborer damage was low, but still significantly lower in neem 

sprayed plots. Yield increases were non-significant.
 

lese results confirm last years data that extractneem 


effectively reduces 
 the percent pod dacrage in chickpea resulting in 

significant yield increases. Neem could provide an alternative to 

conventional ir~cectic'ides for control of H. atmigera, having the 

advantages of no enviicvmnrtal haais, n., develo1Pmnt of resistance 

knomn, less disruptoiWv to i-sarasitoids. 'fh.e data also show, that the 

alalmningly hijh F-iclrer,- infrstations we-re Limi'te' to Tel Hadya. It 

will b checked in the conring year whether it is a "research station 

problem", or is developing due to the increasing planting of summer 

crops around Tel Hadva. 

2.4.3. Host Plant Resistance to Leafminer and Podborer 

Of the previously selected 8 pic-mising chickpea lines the two nst 

prcknisinj i i :Is, ll/: 121 t and ID1 iO], wro cp-a in winter and pring 

tcreth,:. weth the usc..tii, ,k (Ili:11 ,211 without and with the 

protectior,n of i and 2 app iati maI Ihi Wan % i2 (2cc/i 

Leafminer infestations weie mnitored by placing water filled 
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trays between chickpea rows to collect larvae dropping from leaves to 

the soil for pupation. In winter- and spring-sown chickpea plots 

without insecticide application the total number of larvae per tray was 

significantly lower in ILC 5901. Since leafminer infestation started
 

rather late, the damage in winter-sown chickpea was very low. In 

spring-sown ILC 1216 plots the number of larvae was high exceeding ILC 

1929. This is probably due to the late maturity of ILC 1216, but it may 

also indicate that preference might be the -main mechanism of 

resistance. One or two sprays of insecticide reduced the number of 

leafminer larvae. 

The percent pxd damage was recorded in 10 plants per plot of all 

treatments. Except for ILW 1929 infestation was higher in winter-sown 

plots (Fig. 2.4.3.). In winter sowirg the highest percent pod damage 

was found in ILC 5901 (15.5%), lowest in ILC 1929 (5.7%), which greatly 

differs from last years reosults. It could La2 possible that because of 

its early maturity 11W iC9 escaped podborer infestation in winter

sowing, which would ailso explain the higher infestation in spring

sowing. One applicat ion of ThiodT reduced the pal_:amqe significantly 

and increased seed yields in wintei- i,-d spring so-wing Seed yields 

were higher in winter sowing in all treatmnrs. Yields of IL.C 1216 and 

ILC 5901 were significantly lcwer than of WLC1929 in all treatments. 

With the increasing pxxiborer infestaticns these studies are 

becoming mre complex as it is not possible to clearly seFarate yield 

loss from podborer fo(n that caused by leafminer. 

S. Weigand 
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Figure 2.4.3. Percent pcr= riaarpae and seed yield in 3 winter- and
spring- scwn chickpiea lines with 0, 1 and 2 sprays of 
Tniodan 35EC {, 2 ccm ]-') at Tel hadya, 1991/92. 
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2.4.4. 	 Mechanisms of Resistance 

In a collaborative project Lbtween the Max-Planck Institut fur 

Biochemie, Munich, FRG and ICARDA the role of leaf exudates as possible 

mechanisms of resistance to leafminer was further studied. Leaf 

exudates of 6 Kabdli chickpea lines (ILC 3398, 1WC 1929, susceptible; 

ILC 655 m dium resistant; IC 316, ILC 1216, ILC 5901, resistant) wre 

collected for 2 seasons at ICARDA, and 1 season at the Max-Planck 

Institute and ICRISAT and analysed for the amount of malic acid and 

oxalic acid. The results revealed that the amount of malic acid and 

leaf area were related to resistance. Leaf exudates of the susceptible 

lines had lowr amounts of talic acid than the resistant lines. Leaf 

area of the susceptible lines was higher than the resistant lines. The 

anount of oxalic acid could not be related with different degrees of 

resistance and thus apparently is not of importance in this respect. In 

ILC 5901, the line with the highest degree of resistance to leafminer, 

the snall leaf area might be the main factor of resistance, as the 

anount of malic acid in the leaf exudates was low in canparison with 

the other resistant lines, but still higher than in the susceptible 

lines.
 

C. Weigner, H. Renbold (FRG), S. Weigand and K.B. Singh 

2.5. Chickpea Biological Nitrogen Fixation 

2.5.1. 	 Nitrogen Fixation of Chickpea Cultivars in Response to 

Inoculation with Selected Rhizobia 

The ability of chickpea to fix atmospheric nitrogen lessens its 

dependence on soil N and reinforces its role in the cropping systems of 



113
 

the region. Practices which increase 
symibiotic effectiveness will
 

minimize the quantity of soil N utilized by the crop and enhiance grcwth 

of the subsequent crop. Introduction of cold- toleiant, ascochXyta blight 

resistant lines for winter sowing into new, diier poduction areas has 

been accnFrpanied by nodulation deficiencty in several areas of the 

Mediterraneat rejion. these productionIn new areas sonIs are less 

likely to contain adequate populations of the Cicer-sp~cific rhizobia 

than traditional chickpea areas, and crops may show significanLt yield 

increases when seeds are inoculated selectedwith rhizobial strains. 

The highly specific rhizobial requiiremnt of chickpea ias been found to 

extend to strain-cultivar specificity for N2 fixation, implying the 

possibility that limited effectiveness of naturalized rhizobial 

populations with newly introxuced cultivars Lestrict,wiy genetic 
potential for dinitrogen fixation. Ne :essity mytor ioLiculation 


therefore also exist 
where introduced cultivars, selected for high 

yields camot express their full capability for. N fixation in symbiosis2 


with native rhizobial populations which have devel.oied 
 in coadaptation 

with local landirc-es. 

In trials con]ducted over four seasons (198'7/88 to 1990/91) in 

Northern Syria, variations in N2 f ixation and yield of a r-age of 

chickpea cltvatsiS iol_Iumattmd with selectet d sId.i iorRhizobii strains 

were eva.kat.,- with a view tr,,xtal i ltse- ,ine torv,IU,-s P, 

(prop:rt ion 9, c), N , '.,-d f 1,ilt 2 f i 'x.iI, illi ,n ir nvi.d cult ivats 
so inprovwu!w- n'uzjh hi iz J i l st n ii 2, .- ni i nI ; innrmb ,',d i1n 4 

,:_t 111( 1mdI 1K 

and barley as reference crops a low d accii 

can L- cquant. i >UseJ f 5U W XIH,(JIJ'/ (-):l i it q cli ckj ea 

ate ,v luati i,f N2 f i mat ion 
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under the wide range of environmental conditions. 

Eight chickpea cultivars were included in the experiments, 

selected for their regional use and characteristics such as cold 

tolerance, tall-type plant architecture, ascochyta blight resistance 

and large seed size. Cultivars tested included ILC 195, ILC 482, ILC 

3279, ILC 5396, IC 5414, ILC 6250, ILC 6281, and ILC 6327; only the 

first three were tested in 1987-88 season.
 

Most probable number (MPN) estimations of indigenous chickpea 

rhizobia populations in the field soils were low-moderate, ranging fran 

9.1 x 101 to 4.2 x 103 rhizobia g-" soil. Lcw populations were due to 

absence of chickpea cultivation for several years. Rhizobia treatments 

comprised uninoculated and two strain treatments; all experiments 

included at least one single strain treatment (strain 39), while some
 

included two single-strain inoculants (strains 31 and 39) or a single

strain inoculant (strain 39) and a 3-strain mixture (strains 31, 39 and 

36). Strains were selected based on prior N2-fixing performance on the 

concerned cultivars in aseptic hydroponic culture in greenhouse trials. 

Seeds were inoculated at planting using liquid application method, at 

a rate to provide approximately 106 viable cells per seed. Seasonal 

rainfall in field trials fluctuated from 290 to 504 mm, representing a 

normal range of rainfall for winter-sown chickpea. 

Trial results are here reported only for the best inoculation 

(single strain CP 39) and non-inoculated treatments. Inoculation had no 

general effect on crop dry matter yields at lower rainfall (Fig.
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2.5.1). 	 At 340 mun rainfall, however, cultivars began to show 

differential yield effects with rhizobial inoculation, ranging from no 

response (ILCs 3279, 5396, 5414) to 750 kg/ha increase (ILC 6327). 

Under conditions of higher moisture 
(504 rm), 	the average inoculated
 

cultivar 	 yielded about 800 kg/ha more dry matter than when not 

inoculated (Fig. 2.5.1). It can also be observed that cultivar yields, 

which differed 	little at law rainfall, varied widely at high rainfall
 

and y. eld 	response to inoculation varied from no response in cultivar 

ILC 5396 	 to 1.9 T/ha in IIC 482. 
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Figure 2.5.1. 	 Effect of rhizobial inoculation on dry matter yield of 
chickpea genotypes in relation to seasonal rainfall, Tel 
Hadya, 1987/88-1990/91. 
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The effect of inoculation on N2 fixation with increasing rainfall 

and yield are clearly shown in Figures 2.5.2 and 2.5.3. Because of wide 

cultiar variations in yield at higher moisture and the limited number 

of points on the rainfall axis, total crop N, fixed crop N, and P4j× have 

been plotted against dry mraLtter yields. In uninoculated cultivars, P-i. 

remains relatively constant at about 60R between 2000 and 7000 kg/ha 

dry matter production (Fig. 2.5.2). The effect of this constant 

proportion of fixed- to soil-derived N in the planit means that with 

increasing dry matter (and N) production, the quantities of soil N 

taken up by the crop increase. Figure 2.5.2 indicates average soil N 

uptake (the distance between total N and fixed N curv-es) increasing 

from 20 kg/ha to nearly 50 kg/ha over the ra-ge of d-y maitter produced 

in the trials. In contrast, the efficiency of fixajion is clearlyN2 

increased at higher yield levels as a result of rhizobial inoculation 

(Fig. 2.5.3). Tn inoculated (ultivars, -Pfix increases with increasing dry 

matter oroduction, reaching a maximum of 80% at the highest yield 

levels. Increased fixation efficiency with increasing yield results in 

an increasing proportion of fixation-derived N in the plaoo. and a 

lower, relatively constant fraction of soil-derived N (Fig. 2.5.3).
 

The i pact of inoculation on the relationship between dry matter 

and nitrogen yiells for scxne representative individual cultivars is 

shown in Figure 2.5.4. In mest cultivars tested, inoculation does not 

increase the amount of crop N per unit dry matter produced. The 

proportion of crop N derived from fixation is, however, often increased 

by inoculation. The consequences of this inproveient, detectable only 

with N2 fixation nasurement techniques like those incoiporating 15N, are 
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improved soil fertility and irproved system economy. 

,75 ------ -- ,--
 100 
'
 

F"P i 1 
crop N15I Oo5 Totl['xed N I 

..80
 

125 

oo ./ , = ... "60
 100- 4 - -80

75 
 4 

S -40 

50 00 
50 d 0- ""0 

' . ") 212020 

25 

0 
0 1000 2000 3000 4000 5000 .. 7000 8000

0 

DM yield kg/ha 

Figure 2.5.2. Nitrogen yield and source ";n uninoculated chickpea.
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The N2 fixation data fram these trials quantitatively indicate the 

effects of chickpea inoculation in Northern Sria with selected 

superior rhizobia. Although effects of inoculation on yield are 

limited, the quantities of soil N preserved could be significant in a 

systems context. A farmer, however, will find it difficult to adopt 

inoculant technology if economic rewards, such as increased yields of 

the legume or following cereal, are not obtained as a consequence. 

The interaction between strains and cultivars for N fixation2 

etficiency, in addition to a similar interaction for competition and 

nodule formation, 
coplicates the approach to wide-scale inoculation
 

of chickpea cultiva-s, especially where new improved cultivars are 

being released on a regalar basis. To strategies may be used to 

increase N fixed by the chickpea crop. Selection of cultivars for high 

N2 fixation with a broad range of rhizobia reduces needthe for 

inoculation with strains. Thisspe-cific approach, however, may fail
 

where native strains 
 are absent or ineffective. Alternatively, 

mixtures of highly effective strains may be used as inoculants. This 

approach works with scme cultivars, but is dependent on strain-cultivar 

interaction for competitiveness in nodule formation. 
 Investigations
 

into these aspects of host-strain specificity are continuing.
 

D. Beck 

2.5.2. Effect of Moisture on N2 Fixation in Chickpea Cultivars 

Of the legume crops grown in wheat-based Mediterranean rotations, 

chickpea is often considered inferior in N fixation, possibly due2 in 

part to a limited capability of landrace varieties to efficiently fix
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N under conditions of moderately low misture availability. This may be 

especially true under conditions of spring sowing, where decreasing 

moisture availability and increasing teirperatures adversely affect the 

capability of the crop to fix N. Characterization of the interactions 

of N2 fixation and moisture in chickpea will allow development of 

mranagement strategi .s designed to iinprove the N econcey of soils 

t1rough legmve N2 f.iation. 

During 1988/89 and 1989/90 seasons, fiel(t trials utilizing the 

line-source sprinkler for variable moisture application and 

incorporating 15N icru.plots were condicted to determine the effects of 

variable ,iYDstUre supply on N2 fixation in 6 chickpea lines. The 

material tested included I kabuli-type lines Di of t4 diterranean origin 

and 1 ICMIdDA cioss) and 2 desi lines fron ICI{iSAT. These cultivars 

were part of a group of 20 cultivars tested for drought tolerance, 

water use efficiency and yield iesponse to increase in uoisture supply. 

Aboveground dry matter and nitrogen yields were twasured at 

physiological matrurity tunder 8 noisture levels, ranging fran 290 to 504 

mnn. For measurelmnt of N2 fixation, an isotope diLution mrethcxi was used 

with non-nj dulating chickpea line P4M233 and local Lxarley as reference 

crops. No rhizobia inoculant was used, as the field soil contained an 

adequate p-opulation of chickpea rhizobia. 

At lower moisture levels cultivar yiela variation was minimal, 

though cultivar- 11il4958, FlIP 85-45C, and ICC1919 gave consistently 

larger dry matter and N yields between 290 and 335 mm moisture. As 
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applied moisture increased, the variation amoung cultivars for yield 

increased (Fig. 2.5.5). Lhder increased moisture, the same 3 cultivars 

(4958, 85-45C, and 1919) produced the highest yields. Measurements of 

P,,, (the proportion of crop N derived frcm N2 fixation) at each moisture 

level were not significantly different amoung cultivars, however. 

Because of large cultivar variations in yield and N2 fixed at the 

higher moisture levels, total crop N, fixed crop N, and P4j, have been 

plotted against abovegrourd dry matter yields for clearer presentation 

of the relationships between these characters (Fig. 2.5.6). P f. 

increased rapidly with increasing yield at lower levels, indicating
 

that fixation was severely limited at the lower end (Fig. 2.5.6). 

Fixation efficiency reaches an average maximum of 68* at about 5000 kg
 
" ha dry iatter produced. P,,., values were highest at the upper moisture 

levels in the 1990/91 trial, due to favorable distribution of rainfall 

above tlalt provided by supplemental irrigation. All cultivars 

registered - values above 70% at 425-455 mm moisture in this trial. 

The correlations between dry matter produced and N yields were high, 

with cco"ficients ot 0.92 Tid 0.90 for total N and fixed N, 

respectively. This relationship indicates that N2 fixation in chickp-ea, 

under conditiims whji - adecate rhizobia are present, is yield driven, 

and irmlies that envirornental constraints on plant yield will limit N2 

fix,)t ion. 

Tt is inter, 3ting to note that soil N uptake by the crop, shown 

in Figure 2.5.6. as the area between the 2 nitrogen yield curves, 

changes little with increasing yield. Below 1 t ha1 dry matter
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Figure 2.5.5. 	 Relationship of miaisture applied and total dry matter 
and nitiogen yield of above groumd parts of six 
genotypes of chickpea at Tel hadya, 1988 to 1990. 
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123
 

production, virtually no N2 is fixed, causing the crop to deplete the
 

soil N pool by about 25 kg/ha. Between 4 and 5 T ha-1 
dry matter
 

production, where N2 fixation efficiency 
is highest, soil N use is
 
"
likewise about 25 kg ha . These values approximately represent the 

total amount of N removed from the soil by the crop, assLming removal 

of seed and straw frcai the field at harvest, but neclect N input from 

roots and nodules.
 

oThee was sm concern that these line-source trials, because they 

were spring-sown and grown with supplemental irrigation, would not 

truly express the relationship between available moisture, yield, and 

fixation becauseN2 of a short growing season and rapidly increasing 

tenperatures during reproductive phases. Figures 2.5.7 and 2.5.9 are 

similar to Figures 2.5.5 and 2.5.6, but in addition contain data from 

8 cultivars in uninoculated treatnyonts of 4 years of winter-sow 

inoc aticn response trials conducted in N. Syria. Most of the 

additional data inserts above ha 1the 2 T yield level. The 

relationships bet-en yield and N2 fixation, after inserting the 

additional information, are virtually These resultsunchanged. further 

support the case against spring-sown chickpea, where low yields are 

acccnpanied by relatively high soil N use due to limitations on N2 

fixation.
 

D.P. Beck, S.N. Silim and M.C. Saxena
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2.6. Chickpea Nematode Studies 

The studies on ccrmon nemaitcke pe-sts of chickpea were continued in 

collaboration with the 'Instituto di Nematologia Agraria, C.N.R., Bari, 

Italy'. Sttudies involve SUIOvy Ind use of crop rotat ion to control 

cyst netmatcd, in addition to screeni ng chickpea lines and sxcl(mgating 

populations frut intersp.cific C. ant i niu1 x C. Liaculat -um) as well 

as intraspecitic (C arietinn crosses. 

2.6.1. Sirvey cf Parasitic Nematodes in Turkey
 

Survey was node in the south-east and northern 'urkey 1991
in May and 

July 1992, respectively. A tctal of ]50 soil and rcct sanq.]es were 

collected; soil prlOssed thewas with Cobb's sieving and decanting 

methodl cuivbined with the I&Ieimjn' s funn1el -thOd. Rcx)t sarples were 

processed with YOUTn'sthe. 1noC- ion nthathcx folloed by Coolen's 

centrifugation. Nemrmtes waterin suspension were then fixed in hot 

5% foirnalin and identified at:genus level.
 

Root -Ies ion nermatodes (_Paty2lenhu spp. and Pratyl encho ides spp.) 

were mst widespread with Pratylenchus spp. present in 93%- root 

samples. The nenxatcue populations A,--re rather high and issciated with 

extensive yellowing decline (Aar-d chickpea crop. A c<yst neniatode, 

probably Hetercxlcra ciceri, was found in 11% s,)lps of cihick-ia crops 

and was distributed in sevral prey i n',. (-th,:i >,ntrit s ,Lu to be 

of little iraportance. 

N. Greco and M. Di Vito (C.N.R., Bari), I. Kusmenoglu (Field Crops
 

Research Institute, Ankara), M.C. Saxena and K.B. Singh
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2.6.2. Use of Crop Rotation to Cotrol Cyst Nematode 

Cyst nematode ( erodera ciceri) of chickpea has a rather rarow host 

range, which incluaes lentil, pea and chickling. This suggests that 

proper crop rotations should be useful in controlling the nenu3tode. 

Therefore a field trial ccfprising six crop sequences was started in 

1986/87 to asceitain the effect of these treatments on the yield of 

chickpea and the dynamics of the nenmatode in a nematode infested field 

at Tel Hadya. Although the experiment was planned to end in 1990, an 

exceptional frost in March 1990 destroyed the final test crop 

(chi ckpea) and therefore the field was resown next season with chickpea 

and hLrvested in June 1991. 
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Table 2.6.1. Effect of six crop rotations on the yield of chickpea in
the fifth year on a field infested with Heterodera ciceri 
at Tel Hadya. 

Crop rotation (1) Biological Seed Straw Harvest 
Yield Yield 
 Yield index 

(kg/ha) (kg/ha) (kg/Ia) (%) 

L - C - L - C 507.6 22.4 485.8 4.60W - C - W - C 
 616.8 46.6 
 570.2 6.92
 

C - W - B - C 914.0 101.4 
 812.6 11.82

W - B - W - C 723.0 177.4 545.6 
 20.42 

La - C - L - La 389.2 4.6 
 384.6 0.91

La - W - B - La 641.8 
 52.4 589.4 5.16
 

LSD (P = 0.05) 363.2 109.6 
 289.1 11.25
 

L = Lentil; C : chickpea; W = Wheat; B = Barley; La = Lathyrus
 

Results showed that the soil population of nenmtode declined by 

57% after one year of cultivation of nonhost plants (Fig. 2.6.1) and by 

84-88% when nonhicst crops were present for 2 to 3 years. Cultivation 

of host plants, instead, resulted in the build up of nematode 

population. Grain yield cf chickpea incz ared with the increase in the 
number of years without ho t ciops and it was double, five and eight 

fold of that obtained in plots with cont nuous cultivation ot chickpea, 

when two, three, and four year-tenn crop sequences were used 

respectively (Table 2.6.1). 

M.C. Saxena, N. Greco and M. Di Vito (C.R.N. Bari) 
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3. LEZTL IMPROVEMEUr 

Average lentil yields are low because of poor crop managerent and the low 

yield 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 prcduction 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. 

Agronotic research to develop improved production practices is conducted 

in coordination with the Farm Resource Management Prcgram, and is extended 

to the region via the Intenational 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 terms of lentil production and 

the allocation of resources in breeding are summarized together with the 

respective breeding aims in Table 3.1.1. 

3.1.1. Base Program 

3.1.1.1. Breeding scheme 

The breeding prcjram is divided into three streams directed toward the 



129 

three target, 	agro-ecological zones mentioned above. A description of the 

scheme of breeding was given in the ICARDA Annual Report 1985.
 

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.
 

Region of lentil area . of Key _aracters
 
in developing resoLces for recolnbination
 
countries
 

Mediterranean 
 24 75 - Bir iss (seed + straw),
low to medium attributes for mechanical 
elevation 
 hairvest, wilt- resistance, 

drought tolerance 

South Asia and 	 2)51 	 Seed yield, early
East Africa 
 maturity, resistance to
 

rust, Asccihyta and wilt 

High elevation 14 5 	 Bicarss, winter hardiness, 
attrioutes for echanization 

Approximately 250 crosses are made annually and handled in a bulk

pedigree system using off-season generation advancement. This season we 

used Terbol Station in obhanon at 950 m elevation for the summeur nursery. 

Segregating 1-Kopulations targeted for the difleet regions are distributed 

through the International Testing Netrwork to national programs for 

selection and cultivar develomc'nt in sit.u. Lines with specific 

characters are distributed in the sa r manner. 

3.1.1.2. Yield trials 

Selections frcn the )re7eding prcgram for West Asia and North Africa are 

tested in preliminary and advanced yield trials at three lo-ations varying 
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in their annual average rainfall, namely Breda (long-term average annual 

rainfall total 280 rmi) and Tel radya (350 ram) in Syria and Terbol (600 am) 

in Le aion. The winter of 1991/92 season was colder than average with 63, 

53, and 84 frost nights recorded at Breda, Tel Hadya and Terbol, 

respectively. The rainfall was around the long-term average in Syiia but 

above-average at Terbol in lehanon with 263, 353, and 860 nm received to 

the end of Junle at Breda, Tel Hladya and Terbol, respectively. Bicmass 

followed the rainfall gradient with mean bianass yields at Breda, Tel 

Hadya and Trbeol of 2.0, 3.0, and 4.3 t/ha, respectively. The sam trend 

with the rainfall was obsei-ved for seed yield production with 0.7, 1.1 and 

1.9 t/ha reali:<ed at Breda, Tel Hadya and Terbol, respectively. A smurry 

of the rcsults of the yield trials is given in Table 3.1.2. In general, 

yields in the 1991/92 season in Syria were higher than last season, 

because rainfall was more and lentil was little affected by the severe 

winter ot 1991/92. rn Leah~won, where rainfall was super-optinmal for the 

crop and <,ter was not a limit-ing factor in 1991/92, yields were lower 

than tie pLevious season bacause of the long cold winter and spells of 

teRorai3y wateroging.
 

For seed yield the percentages of lines significantly outyielding the 

best check :itP 0.05 were 2.8, 1.6 and 2.4 % at Terbol, Tel Hadya and 

Breda, respectively. Vhre test lines nmrely ranked above the best check 

for seed yield, representing 28, 27 and 26 % of the total lines tested at 

Terbol, Tel Hadya and Bredia, respectively. The results for bicmass follow 

the sam? pattem as for seed yield. 

W. Erskine
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Table 3.1.2. Results of the lentil 
yield trials (prelimirnary 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 1991/92 season.
 

location Terbol - HadvaTel Breda
Tca!l seasonal rainfall (rim) 860 253 263
 

S B S B S B 

Number of trials 7 7 12 12 8 8
 

Number of test entries* 145 145 243 167
243 167
 

k of entries sig. (P<0.05) 2.8 3.4 1.6 4.5 2.4 3.3
 
exceeding best check**
 

% of entries ranking above 
 28.2 26.2 27.2 30.9 26.3 37.0
 
best check (excluding above)
 

Yield of top entry (kg/ha) 2850 5950 1756 4846 1067 
 3099
 

Best check yield (kg/'ha) 2232 4801 1309 3345 830 
 2073
 

Location nean (kg/ha) 
 1941 4316 11.56 2965 729 1992
 

Range in C.V. (%) 
 7-17 8-13 11-21 9-21 6-18 6-14
 

Mean aivantage of Lattice 31.7 20.2 16.1 17.8
21.6 47.5 

over RBD (%) 

* 	 Entries co nron over locations. 
** 	 Large-seeded checks: iLL 4400 long-term, 78S26002 improved;


Small-seeded checks: ILL 4401 long-term, 78S26013 improved.
 

3.1.1.3. International nurseries
 

The 	 lentil international breeding nurseries have evolved in response to 

the needs of NARSs trcm the provision of untargeted yield trials to a 

diversified array of crossing blocks/resistant sources, segregating 

populations and yield trials for each of the three major target agro

ecological regiorns of production (Tabli 3.1.3). 1987,Since for example, 

we have diversified and targeted the supply of segregating material frcm 

two different nurseries into four nurseries - Cold Tolerant, Large-seeded, 
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Small-seeded and Early. in the same period, new nurseries of stress 

resistant material have been launched against rust, Ascochyta blight, 

Fusarium wilt and cold. 

Table 3.1.3. 	 Lentil international breeding nurseries showing target 
regions and type of nursery. 

Type of nursery Reqion 
Mediterranean Lcv.-r High 

latitudes elevat ion 

Resistant source! Lar-ge-seeded Early* Cold tolerant* 
crossing block SIm -seeded Rust* 

MF1sarim wilt* Ascochyta blight* 

Segregating 13ge-seeded* Early Cold tolerant* 
population Small-seeded* 

Yield trial Snmll-seeded Early 
Large- seeded 

* Launched since 1987. 

In the last two seasons there has been an increase in the number of 

entries in intenational trials provided by national prgramns. It is our 

aim to increase the input of national prcqrams into the international 

testing program. Included in 1992 interiiatioial trials were two lines 

from Russia, thiree from Faisalabad, Pakistan and one from Islamabad, 

Pakistan. Other entries have been supplied by NAIRSs and are in 

nmltiplication for inclusion in next season's trials. 

In addition to the International Legumae Testing Network, seed 

requests from NARSs for specific breeding lines and segregating 
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populations have resulted in the despatch of 2557 seed samples to 28 

countries in the last three years (Table 3.1.4). 

Table 3.1.4. Destination and number of seed samples despatched on the 
request of NARSs of lentil breeding lines and segregating
populations for the last three years. This is additional to
the material distributed through the International Legume 
Testing Network.
 

Country 1990 
 1991 1992
 

Afghanistan 
 10

Algeria 2 
 1
 
Argentina 
 2
 
Australia 
 13
 
Bangladesh 
 11
 

Bhutan 
 63

Canada 
 11 1 
China 
 108
 
Colcmbbia 
 13 
 20
 

Czechoslovakia 
 5

Germany 2 1 
Inclia 
 3 42 56

Iran 
 2
 

Iraq 1
Italy 
 8 30
Japan 
 8
 
Jordan 
 2
 
Libya 
 1 

Morocco 
 607 
 42 407
 
Netherlands 
 10
 
Pakistan 
 17 
 100 69
 
Sudan 2 
Syria 
 52 

Turkey 
 362 311
 
U.K. 18 
U.S.A. 1 120 
U.S.S.R 
 22
 
Yerren 


Total 
 805 
 596 1156
 

1 
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3.1.1.4. Screening for vascular wilt resistance 

Vascular wilt caused by Fusarium Qxsrum f. sp. lentis is the major 

fungal disease of lentil in the Mediterranean region. Screening of new 

breeding material for resistance to vascular wilt continued this year in 

the plastic house using the method developed in the 1987/88 season (FLIP 

Annual Repor: 1938). 

A total of 123 lines of cultivated lentil were screened for their
 

reaction to wilt at the seedling stage in the 1991/92 season. Thie lines
 

were rated on a 1-9 scale with rating 1 = resistant and rating 9 = all
 

plants killed. Thirty-nine lines gave ratings < 3 and will be re-screened
 

in an adult-stage screening trial next season.
 

The '77 most resistant lines in the seedling test of the 1990/91 

season were screened this year in pots artificially infected with the 

causal organism to evaluate their 1porfonwance at different stages of 

growth. Plants weLe rated rqcularly up to mraturity. Mst lines were 

resistant at two imnths, confirning last year's results. But, by maturity, 

only 1 ,-t les showed tolerance to wilt (rating < 5). They will be 

retested next season. 

In addition to screening in the plastic house, we have been 

developing the methL.Jology to screen in the field by preparing a wilt-sick 

plot. Preparaticn started in 1989 when we added to a field plot in Tel 

Hadya failm sLci so.l LI fr a wilt -affected area. 'Tleplot was sown in the 

1989/90 and 1990/91 seasons with a uniform, rainfed crop of wilt
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susceptible lentil, which was ploughed into the soil at maturity. On 

October 1, 1991 we sowed susceptible lentil and irrigated. The incidence 

of seedling wilt symptcms within the wilt-sick plot was then mapped into 
5 m square grid on October 30, 1991 (Fig. 3.1.1). Seedling wilt symptcms, 

in contrast to the ccrnonly observed adult wilt symptoms, are not nornally 

seen in Syria, where most lentil is rainfed and it germinates at 

temperatures below the fungal pathogen's optimum temperature. 

.................... 
 .. 

_ _ _It

.~~.. .....
 

% plants wilted 

0-15% 

5-1--
-30% 

..,r[ .. .. 30-45% 

, i . • ... 45-60% 

Figure 3.1.1. Distribution in tke wilt-sick plot of wilt symptoms in auniformly sown, susceptible lentil cultivar. Sampling wasdone in 0.25 !T? quadrates in each cell of 5 dl. The landused subsequently for wilt screening is enclosed in the 
marked square. 
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Within the wilt-sick area, we selectea the most infected area to grow 

the first wilt screening experiment under rainfed c.,diLtions (Fig. 3.1.1). 

The trial consisted of 18 test entries selected from previous plastic

house trials to span the range of reaction to the wilt pathogen. A 

randomized block design was used with eight re].' -ationsand a susceptible 

check repeated every two entries. Wilt incidence was recorded on a total 

of eight occasions during reproductive growth to follow disease 

development. Field symptoms were confirmed as due to Fusarium oxVsTom 

f. sp. lentis from isolations made from surface-sterilized stem segments
 

of diseased plants.
 

Ninety-five percent of plants of the susceptible check were killed 

during reproductive growth. There was a wide range in reaction among the 

test entries fray, resistant - ILL 6409 (<5k wilt incidence), through the 

moderat, y resistant - ILL 6976, 6991, 7005, and 7012 (5-15% infection), 

to highly susceptible (Fig. 3.1.2). Among such susceptible entries there 

were contrastin g reactions: ILL %750 showed a high incidence of wilt 

symptcus soon after flowering, whereas the incidence of wilt in ILL 6801 

was slower but progressive. 

The resistant lines are being shared with national programs in the 

international nursery - Lentil International FRsarium Wilt Nursery 

(LIFWN). 

Earlier research had shown that seed yield losses from wilt damage 

were predictable on the basis of wilt incidence. Experiments were carried 
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out during the 	1992 cropping season to understand the relationship between 

the inoculum density of Fusarium oxspo f.sp. lentis in the soil and
 

the incidence of lentil wilt. Both laboratory and field experiments were 

perfored at ICARDA - Tel Hadya. 

In the laboratory, a contrasting pair of lentil genotypes (ILL 4605 

susceptible to wilt, and the resistant ILL 16) were grown in sterile 

flasks with their roots inmersed 	 in a spore suspension under a range of 

concentrations 	of microconidia from 0 - " 106 spore ml . 

100
 

80 

CL601 ILL 358 

-ILL 5750 

-o ILL 6409 
20 

-ILL 6801 

20 

0 
1 3 5 7 9 	 11 13 15 17 19 21 23 

Days after April 29 

Figure 3.1.2. 	 Vascular wilt incidence (%wilted plants) during the course
of reproductive growth in four lentil lines sown in the
wilt-sick plot 	at Tel Hadya in the 1991/92 season.
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No wilting was observed at the lowest concentration (1000 spore ml) 

in either cultivar (Fig. 3.1.3). Ho% ver, at higher concentrations ILL 

4605 was more susceptible than ILL 16 and it always died before ILL 16. 

At the highest concentrat-icn (106 s x~re ml") L-th genotypes were killed 

showing that the resistance of ][.,16 breaks dcwni at high inoculum 

densities. A concentration of 25 x 104 spore m.Il was found sufficient to 

distinguish susceptibility ficrt rosistance under aberatory conditions. 

100 ,', 

2 60

40

20-


Precoz 0 ILL 16 
0 . - . - -

1 10 100 1000 

Log spore concentration x1000 /ml 

-Figure 3.1.3. Percentaq sur%,ival of two lentil lines (ILL 16 and 4605), 
contrasting in reaction to vascilar wilt, on e7xposure to 
dif ferent concentr.ations of microconidia of Fusarium 
gx snrwu f.sp. lentis. 
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Soil samples were collected from uder lentils assessed for wilt 

incidence at crop nturity. Soil samples were diluted by 1/1000 and 

plated on to Kcaitda's selective ndium to assess the colony count of 

Fusarium oxysrorum .sp. lent is. Ihe experim nt was carried out in five 

replicates.
 

The results showed no clear relationship between the inoculun density 

and wilt incidence, echoing the results fica the 1990 season (Fig. 3.1.4. 

A dnd B). Heavy wilt incidence was recorded in some areas with a low 

inoculum density, whereas low wilt incidence was recorded fron sctme 

samples with high inocul,.un density. 

The difference between the laboratory and the field in the pattern 

of response to inonilum density nay bl! due to several causes such theas 

result of an interaction with othe microorganisTtOs in the field 

environment or estimtion of inttilLUT density at crop maturity rather than 

at the seedling stage when the fungus penetrates the rooL tissue. 

W. Erskine and B. Bayaa (Aleppo University) 

3.1.1.5. Screenvng for resistance to Ascochyta blight
 

Ascochyta blight (Ascochyta fabae f.sp. )entis) is considered to be among 

the mist iinortant biotic stresse s affecting the crop's productivity, 

particularly, in Canada, Ethicpia ani p--tzs of the Indian sub-continent and 

the region oL West /-sia and North fi ica. losses are not only to the 

standing crop, but also to the seed quality fr-n infection in the swathe. 

Chemucal control is too expensive for practical blight control and host

http:inocul,.un
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plant resistance is the most feasible and environmentally-sound means of
 

disease management.
 

100
1990
 

80-


C. 60l
c

40- •
 

20r,

2 4 6 8 10 12 14 16 18 20 22 24 

Colony no. (x1O000) 

1992 

80--

U 

+ U I199 

no. 	 ILL440120Cl 

S+ o
 

i~i.+ 	 tILL6788 

] u 	 ":ILL7142 I
 

0 lu --- I I I I I
 
o 1 2 4 5 6 7 8 9 10 

Colony no. (1000/g soil) 

Figure 3.1.4. 	Vascular wilt incidence (M wilted lentil plants) on soil 
sanpled for colony numbers using a medium selective for 
Fusarium oxysporu f.sp. lentis in the 1990 and 1992 
seasons at Tel Hadya. 
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Nwo experiments were conducted under plastic house conditions at Tel 

Hadya to identify sources of resistance in cultivated lentil to a Syrian
 

isolate of Ascochvta fabae f.sp. lentis. 

In the first experiment, 138 breeding lines were screened n trays in
 

a randomized block design with two replications and a repeated susceptible 

check (ILL 2580). Seedlings were inoculated after 2 weeks and inoculation 

was repeated weekly until the checks were heavily damaged. Disease 

reaction was assessed two, four and six weeks after the first inoculation 

on a 1-9 scale where 1 = no visible lesions observed; 3 = few scattered 

spots normally observed after careful examination; 5 = spots ccfmon on one 

leaf and/or on many leaflets; 7 = spots very conon on more than one leaf, 

no stem girdling; 9 = extensive lesions on all plant parts accanpanied by 

stem girdling and/or heavy defoliation.
 

Results of the first experiment revealed uniform susceptibility of
 

the check over Loth trays and replicates and good sources of resistance to 

Ascochyta blight with 66, 50 and 38 lines scoring 1-3 in the first, second
 

and third scoring (Fig. 3.1.5) . Lines differed in their rates of disease 

development (Fig. 3.1.6).
 

In the second experinnt, 30 lines were screened in pots for reaction 

to Ascochyta blight including 12 lines repeated from Experiment 1 and 18 

lines tested extensively under field conditions. The experiment was in a 

randomized cu1p]eLn b><k design with three Plantsreplicates. were 

scored two and four weeks after the first inoculation on an individual 
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Figure 3.1.5. 


Figure 3.1.6. 


60 

C 

Disese reacton
 

Frequency of different reactions to Ascochyta fabae f.sp.
 
lent] ; at different intervals after first inoculation among 
138 lentil lines screened in the plastic house at Tel Hadya 
in 1992. Disease reactions were measure on a 1-9 scale
 
with0 1 = no visible lesions observed and 9 = extensive 
lesions on all plant parts accompanied by stem girdlingS A
and/or heavy defoliation.
 

ILL5684 

Rate of develonent of disease symptom caused by Ascochyta 
fabae f.sp.at L entinter aeil lines contrasting in 
disease reantion in the plastic houseat Tel Hadya in 1992. 
Disease reactions vxwre measured on a 1-9 scale with 1 = no 
visible lesions observed and 9 - extensive lesions on all
 
plant paots acccmanaed by stem girdling and/or heavy
 
do adefoliation.
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plant basis. Repeated lines reproduced the same disease reactions as in 

the earlier trial, confirming the reliability of the experimental 

procedure. 

Table 3.1.5. 
 Disease reaction of selected lentil genotypes (accession

numbers - ILL) to Ascochyta blight in Australia, Ethiopia,

New Zealand, Pakistan and Syria on a 1-9 scale with 1 
resistant and 9 = highly susceptible. 

Acc. Aust. Ethiopia N.-Z. Pakistan 
 - Syria
1991 1988 1991 1989 
 1986 1988 1989 1990 1984 1985 1992 1992
 

358 
2439 

5 
5 

-

8 
3 
3 

3 
3 

1 
-

1 
2 

1 
3 

3 
3 

4 
-

-

-

3.2 
7.4 

1.8 
4.0 

2580 
5480 

-
7 

-
8 

-
3.5 

-
3 

9 
-

-
1 

9 
1 

7 
3 

-
-

5 
-

8.1 
2.8 

6.7 
3.0 

5599 
5684 

7 
3 

-

-
3 
-

3 
-

-

-
2 
-

3 
-

3 
1 

-

4 
-
-

6.9 
4.9 

7.5 
3.2 

5714 
5725 

5 
7 

9 
-

-

3.5 
5 
3 

2 
-

2 
2 

1 
1 

3 
3 

-
-

4 
-

6.8 
1.0 

5.0 
1.2 

5730 
5871 

7 
-

-
9 

-
2 

3 
1 

-
5 

1 
1 

3 
5 

3 
5 

-

-
-
-

8.1 
8.8 

6.2 
8.1 

Table 3.1.5 presents a sunmary of the disease reactions to ascochyta 

blight of lentil lines tested in different locations, in addition to their 

reaction to the Syrian fungal isolate in Experiment 2.
 

T.o lines, ILL 358 and 5684 were resistant to highly resistant over 

all locations. ILL 5725 was resistant in all locations except in 

Australia; ILL 2439 was resistant in all locations except in Ethiopia and 
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Syria and ILL 5480 was resistant in all locations except in Australia and
 

Ethiopia. This suggests the presence of different isolates of the fungus
 

in different places - confirmation is required on this important issue 

and also the presence of several different genes for resistance.
 

W. Erskine and B. Bayaa (Aleppo University)
 

3.1.1.6. Screening for resistance to rust
 

Rust is the major fungal pathogen of lentil in the Indian sub-continent,
 

Ethicpia and Morocco. We initiated systematic screening for resistance
 

two seasons ago in collaboration with the Moroccan national program in a
 

disease 'hot-spot' at Jeiu Sheim. Unfortunately, the winter in Morocco 

was the driest this centL-y and no screening was possible this year.
 

3.1.1.7. Screening for winter hardiness
 

Lentil is currently sown in spring in Turkey at elevations above c. 800 m 

on c. 250 000 ha. Researcin ThILirkey 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 

'DLrkey, because at high elevation the level of winter a-ordiness is 

inadequate in cold winters and winter hardiness has not yet been 

transferred frca gensplasni sources into acceptable cult ivars. 

An effective field screening nkthod is needed to select for winter

hardy material, both in segregating and exotic geimplasm. An experiment to 

develop a field screening riithod was st-arted in the 1991/92 season at 

Haymana research farm, located south-west nf Ankara at an altitude of 1050 
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m above sea level. 7he main characteristic of this location is a long and 

cold winter season (with minimum air teperature of -251C) with high snow 

fall. The design of the experiment was split-plot with sowinq dates as 

the main-plot factor with a factorial of density x culltivars in sub-prots 

in three replications. Sowing dates were October 1, October 22, and 

Noveniber 12, 'PI' seed1991. densities were 200 s:- ds/w{ and 400 seeds/nr. 

Eight cultivars, including 3 resistart (Sazak 91, .L 465, ILL 1918), 2 

tolerant (ILL 468, ILL, 4400), and 3 susceptible (ILL 2590, ILL 3493, ILL 

5582), were used. The (1991/92) winter season was the coldest for 25 

years. There was clear diffrentiation between sowing dates, with October 

1 best for screening. Sed density also contributed to winter-h rdiness 

with better surival at the highe r density. Oslitivars Aere also very well 

differentiated. Even culItivar Sazak 91, which is considered the most
 

winter-hardy cultivar in Turkey, 
 was cold damaged. TIhe experinent will be 

repeated next season. Av extra sowing date 15 Septembe-r will be added 

next season.
 

In addition to refining the selection environment, the variability
 

for winter-hardiness in both cultivated and wild lentil germplasm was 
ilso
 

examined in the 1991/92 season.
 

For the cultivated gert-plasm an experimient was conducted at three
 

locations in Turkey, namely, Haymana research farm 
(elevation 1050 m),
 

International Winter Cereal Research Center in Kenya (elevation 1050 m), 

and Easteri Anatolian Agricultural Research Institute in Erzurm 

(elevation 1950 m). A total of 86 randcmly-selected accessions 
of
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cultivated lentil were used ranging from highly susceptible to winter

hardy. At Erzurum, where winter temperatures reached between -40 CO and 

50 CO, all lentils were killed. The range in reaction to winter cold was 

clear at Haymana but less clear at Konya. A 1-9 scale indicating 1= 

resistant and 9 = killed, was used to score for cold tolerance at Haymana 

and Konya. The highest score in one of the two replications was taken as
 

a reaction of the entry to cold. The lowest score at Haymana was 4 with 

only one accession achieving that score (Table 3.1.6). However, the 

lowest score at Konya was 2 wit' more than one accession scored as 2. At 

Haynmna only two accessions scored 5 or less, whereas at Konya there were 

22. Moreover, most of the accessions were scored as 9 at Haymana; 

whereas, most of them were scored as 8 at Konya. The trial will be 

repeated ne-xt season at Haymana and at Konya. Additionally, to study 

associations with winter-hardiness, there will be a spring planting at 

Haymana to allow the nmasurement of a range of morpho-agronomic traits and 

isozlme tests will be run. 

I. Kuzmenoglu (Central Anatolian Field Crops Research Institute, Ankara, 

Turkey) and W. Erskine 

A total of 248 accessions of wild lentil, ten accessions of
 

cultivated lentils and three accessions of Vicia montbretii were screened
 

for cold resistance at Maader in Syria (33 42'N,36 08'E; c. 1400 m 

elevation), duing the 1991/92 season. For ccarparison, the winter-hardy
 

genotype ILL 4400 and the cold susceptible entry ILL 4605 were used as 

repeated checks after every 15 test lines. The winter was cold with 
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below-zero minimum temperatures extending for about four months. The 

number of emerged plants per plot was counted before the onset of the cold 

and 	 the number of surviving plants recorded after the end of the cold. 

The 	percentage of survived to emerged plants considered as the degreewas 

of resistance. 

Table 3.1.6. Scores of lentil accession for cold susceptibility at
 

Haymana and Konya on 1-9 scale.
 

Score Haymana 	 Konya
 

2 ILL (53, 662)
 
3 ILL (29, 632, 635, 665, 1405)
 
4 	 ILl, 662 
5 	 ILL 635 
 ILL (18, 44, 48, 61, 103,
 

119, 191, 195, 295, 630,
 
1143, 1880, 2153,
 
2177, 2532)
 

6 	 ILL (1405, 1879) ILL (45, 2069)
 

7 	 ILL (29, 45, 53, 61, 
 ILL (51, 442, 1196, 1215,
 
295, 630, 1880, 1-J,2, 1516
 
2153, 2177)
 

8 	 ILL (48, 51, 119, 195, ILL (5, 11, 19, 66, 241, 323, 331,
 
343, 442, 632, 665, 
 343, 603, 780, 1083, 1180, 1189, 1197,
 
780, 1143, 1197, 1199, 1201, 1222, 1384, 
1399, 1401,
 
1399, 2215, 2532) 
 1448, 1523, 541, 1879, 2022, 2164,
 

2178, 2181, 2203, 2207, 2215, 2788,
 
4606, 5507, 5585, 5590)
 

9 ILL (5, 11, 18, 19, 20, ILL (20, 36, 358, 485, 707, 1207,
 
36, 44, 66, 103, 191, 241 1701, 1712, 1939, 1983, 2308, 2439,
 
323, 331, 358, 484, 603, 3516, 4377, 5244, 5426, 5429, 5481,
 
484, 603, 707, 1196, 5593, 5668)
 
1199, 1201, 1207, 1215, 1222,
 
1372, 1384, 1401, 1448, 1516,
 
1523, 1541, 1701, 1712, 1939,
 
1983, 2022, 2069, 2164, 2178,
 
2181, 2203, 2207, 2308, 2439,
 
2788, 35-.6, 4377, 4606, 5244,
 
5426, 54'9, 5481, 5507, 5585,
 
5590, 5553, 5668)
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The overall distribution in cold resistance among subspecies is shown 

in Fig. 3.1.7. All accessions of Vicia montbretii (syn. Lens nontbretii) 

were resistant to the cold. L. culinaris subsp. orientalis was the most 

resistant subspecies of lens with a degree of resistance of 55%, on 

average; L. niqricans subsp. -ivoides showed the lowest degree of 

resistance. There were some resistant accessions in each subspecies. In 

L. culinaris subsp. orientalis 18 accessions were resistant (accessions 

with >91% plant survival), one accession was winter-hardy in both L. 

culinaris subsp. odemensis and L. nioricans subsp. ervoides, and two in V. 

montbretii. There was a positive and significant correlation of altitude 

of collection site with resistance to cold, indicating that those 

accessions originating in high elevation areas were resistant to cold. 

iCc 

80
 

6 0 

0 	 c 

.,oOtbrOI, 0 rl.ltarls 0 ,rD'.s,. r ;[r~cfln. , r ,Ir's 

Species/sub-species 

Figure 3.1.7. 	 Winter hardiness, expressed as % resistant plants, of a 
total of 245 wild accessions of the foar wild subspecies of 
the genus Lens, L. clinaris subsp. orientalis and subsp. 
odemensis, and L. niqricans subsp. niciricans and subsp. 
ervoides, and three accessions of Vicia nntbretii grown at 
Maader, Syria over the severely cold winter of 1991/92. 
The winter hardiness of two cultivated lentil checks 
(susceptible ILL 4605 and tolerant ILL 4400) is indicated. 
The number of accessions screened of each taxa is shown.
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The same series of accessions of wild lentil were also sown at 

Haymana research farm in Turkey to screen for winter-hardiness. There was 

a clear differentiation between winter-hardy and susceptible wild
 

accessions. Accessions of Lens culinaris subsp. orientalis were commonly 

winter-hardy. The trial will be repeated next year at Haymana and at Konya 

in Turkey. 

I. Kumienoglu (Central Anatolian Field Crops Research Institute, Ankara, 

Turkey) and A. Handi and W. Erskine. 

3.1.1.8. Screening for iron efficiency 

Iron deficiency symptcms are observed on some genotypes of lentil grown in 

calcareous soil. During the cold, wet winter season of 1991/92 at ICARDA
 

Tel Hadya, iron deficiency symptans appeared on scme lentil lines 

originating from India; this prcmpted further analysis of iron-efficiency 

scores from cultivated lentil germplasm grown in another cool, wet season
 

(1979/80) with the following results:
 

A germplasm collection of 3512 accessions originating from 18
 

countries was characterized for iron deficiency in a Calcic Rhodoxeralf 

soil at ICARDA, N. Syria in the 1979/80 season. The total rainfall was 

426 mm (27 % above the long-term average) and the absolute minimum air 

tenij-.e was -8.0 OC.ture 

At 105 days after sowing, 592 accessions, representing 16.9 %of the 

collection, showed chlorosis symptoms characteristic of iron (Fe)
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deficiency. The Fe deficiency was verified by foliar application of Fe

chelate. Gernplasm from different countries contrasted in iron 

deficiency, with those accessions exhibiting symptoms of iron deficiency 

nostly originating fron relatively warm climates such as India (37.5% 

accessions showing Fe deficiency) and Ethiopia (30%) (Table 3.1.7). The 

only populations from Mediterranean countries showing Fe deficiency were 

from Sy-..i and Turkey at very low frequencies, where the crop originated. 

Table 3.1.7. 	 Nuilber of lentil gernplasm accessions per country scored for 
iron-deficiency syiiptalns with the mean and standard deviation 
(SD) of scores and the percentage of accessions in each 
scoring class for each country in the 1979/80 season at Tel 
Hadya, Syria.
 

C)ulltry Total accessions scored Mean 
of origin no. of 1 3 5 7 score 

acc. 

Afghanistau 107 92.5 7.5 - - 1.15 0.52 
C-1i I e 192 100 - - - 1.0 0 
FEypt 74 100 - - - 1.0 0 
Ethiopia 247 70 23.1 6.9 - 1.74 1.22 
Greece 52 100 - - - 1.0 0 
Shngary 20 95 5 - - 1.10 0.45 
India 1317 62.5 27.3 6.0 2.2 2.00 1.47 
Iran 856 98.8 1.2 - - 1.02 0.22 

Iraq 21 95.2 4.8 - - 1.09 0.44 
Jordan 32 100 - - - 1.0 0 
Lebanon 69 100 - - - 1.0 0 
Mexico 24 100 - - - 1.0 0 
Miorocco 14 100 - - - 1.0 0 
Pakistan 30 96.7 3.3 - - 1.07 0.36 
Syria 181 98.9 1.1 - - 1.02 0.21 
Turkey 231 99.6 0.4 - - 1.01 0.13 
USSR 38 100 - - - 1.0 0 
Yugoslavia 19 100 - - - 1.0 0 

Overall 3512 83.1 12.6 3.5 0.8 1.44 1.08 
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Chlorosis was positively correlated with cold susceptibility. Fe 
chlorosis was transient as the deficiency symptoms largely disappeared 

during reproductive growth, coinciding with changes in soil and climatic 

conditions favoring crop growth. 

In indian germplasm, mild deficiency symptoms gave no loss in seed 
yield, but there was a major yield reduction of 47% in those accessions 

with the most severe symptoms. Straw yield was reduced ccmmensurately 

with the severity of symptcms.
 

W. Erskine, N.P. Saxena and M.C. Saxena 

3.1.1.9. Adaptation of lentil to niisture supply and temperature 

Lentil is a rainfed crop in North Africa and West whereAsia yields are 
limited by the amount and distribution of rainfall and by winter cold. 
This study aimed to quantify the effects of climatic variables on lentil 
seed yields through the fitting of simple empirical models to trial data 
of two cultivars sown sixat sites from 1983 - 1989, representing 31 
environments in Syria. 
The ranges over environments were 152 - 527 m for 

total seasonal rainfall and 1 -
52 for the number of frost nights.
 

Preliminary results reportedwere in the 1991 Legume Program Annual 
Report. Overall, the total seasonal rainfall accounted for 40.8 % of the 
variance in ean seed yield with a response of 5.68 kg/ha/rm. A multiple 

regression mcdel with 7onthly rainfall from November to May ex.lained 67.0 

of the variance in mean seed yield. From November to February the 
response of seed yield to monthly total rain was below 10 kg/ha/rm; rain 
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in March, the period of late vegetative growth, made the most inportant 

contribution to seed yield (Fig. 3.1.8). TIhe response to April rain was 

negative. Response to May rain was high but its contribution to total 

yield was small because of low amount. At Tel Ildya (the most frequently 

used site), the total seasonal rainfall accounted for 79.8 % of the 

variance in m-an seed yield, and the addition of the number of frost 

nights to the nodel itsproved the fit to 92.7 %. Winter cold had a smaller 

effect on yield than rainfall with no consistent overall effect, but with 

differences between regions. The cultivars contrasted in their drought 

superior to ILL 4400 at seasonal rainfallrespoinses to (78S26002 was 

levels dcv'-.-o 134 mn and the number of frost nights at Breda and Tel 

Had a (78S26002 was ITmre susceptible to cold than ILL 4400). Thus, 

despite the predcninant influence of rainfall on yield, the genetic 

response to mDisture and cold show the scope for selectionvariabili*ty in 


mder rain-fed M4diterranean environments.
 

W. Erskine and F. El Ashkar (ARC Doua, Syria)
 

L[ntil is grown under irrigation in Egypt and Sudan. The objectives 

of a crplemntary study (funded by the Nile Valley Project) were to 

dete mine the adaptation of a range of lentil genotypes to a wider 

genotypes were grownspectrtum(i ,oistfure -egimes. T'hirty- fcur diverse 

for tv',seasols '6 a1r9an': 55/86) at th ee2 1x'at cuo varyinj in total 

;ni Syria and -anon et 1992) Atseascn'1a1 ,ia1 I, ,tu.nal L, Hatni al., . 

HiAya, Syria) , the cicp was gr(mn under two moistureo()leI'c,11 in T-1 


req ml)s uEs:: .g 3t1.oJ~ i"ragal ion1.
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Preliminary results were reported in the Food Legume Improvement 

Program Annual Report 1986. Variation in mean seed yield/plant was 

2
largely explained (R = 0.82,3 P = 0.01) by the variation in water supply. 

The regression of seed yield/plant on to total water supply indicated a 

response of 0.67 g/plant seed yield per 100 mm increase in water supply. 

Two supplementary irrigations (50 mm each) resulted in a 20% increase in 

seed yield/plant. Genotypic performance was adequately summarized by 

genotype nans and their linear responses to different levels of moisture 

supply (Fig. 3.1.9). Genotypes were classified into four contrasting
 

1.6 
Group 1
 

nQ 1.41.4 -
4 Group 2
 

<Group 3
 

1. Group4. 1.2 +. 

a 	 +4- + +
.0 +
 

U) 0.8 ±
rJ 

r 0.6 

0.4 ' 	 i_ _ _
0.7 	 0.9 1.1 1.3 1.5 1.7 

Mean seed yield/plant (g) 

Figure 3.1.9. 	 The relationship between the regression coefficients (b) of 
seed yield on environmental mean and the mean seed yield of 
34 lentil genotypes. Genotypes are divided to 4 groups; 
group 1: widely adapted to all envirorinents; group 2: 
poorly adapted to all environments: gr-oup 3: adapted to 
high moisture supply; group 4: adapted to dry environments. 
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groLps according to their regression coefficients and man yield. The 

first group had average stability (i.e. regression coefficient did not 

differ significantly from 1.0) with seed yield above the grand man (1.22 

g/plant) indicating that they had general adaptability. Th1is group 

coaprised 17 genotypes, primarily Mediterranean in origin. Group 

corprised eight genotypes, with seed yields below average and regression 

coefficients of unity, and was ccnaosed mainly of late-maturing lines from 

northern latitudes. Consequently, these entries can be considered to be 

poorly adapted to all the test environments. Group was3 cmposed of 

three entries (ILL 241, ILL 5523 and ILL 5527 fran Syria, Australia and 

Hungary, respectively) with regression coefficients significantly greater 

than 1.0 and above-average seed yields, showing sfpecific adaptation to wet 

conditions. Finally, Group 4 contained six entries witi regression 

coefficients of less than unity and lcw average yield. 'The group 

comprised all Indianthe and Lthiopian lines, arewhich early in 

phenology, allowing them to escape drought. Clearly, selection of 

genotypes for either wet or dry conditions may be usefully made. 

A. Handi, W. Erskine and P. Gates (University of Durham) 

3.1.1.10. Evaluation of wild lentil for agronimic characters 

The evaluaticn of wild lentil for agron mic characters under field 

condit:ions continued thils year with the same accessions as last season (LP 
Annual Repcrt 1 01). A total of 121 accessions of tens species were sown 

in the field at Tel Hadya in November 199]. L. niqricans subsp. ervoides 

showed pr-or germnination with germination in only five acces-,iobns out of 

the 39 sc,..n. The 1991,92 season was colder than the previous season 

http:3.1.1.10
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causing late flowering and an extended crop growth duration (Table 3.1.8). 

The cold also resulted in less vegetative groth as indicated by lower 

straw yield/plant in the 1991/92 season than in the previous season. 

Average seed yields were higher in 1991/92 than in 1990/91 in the three 

subspecies of L. culinaris as they were able to survive the cold and then 

take advantage of the above average seasonal rainfall. However, mean seed 

yield was lower in 1991/92 than in the previous season in L. nicgricans. 

Those accessions of L. culinaris subsp. orientalis that were faster 

to flower and mature than the earliest cultivated check (ILL 4605) last 

year confirmed their earliness. This precocity will be of value to the 

crop improvement prcgram. HL-.ever, for the other agronomic characters, 

there was no striking variation within the wild species for transfer to
 

the cultigen. 

3.1.1.11. Screening of wild lentil for drought tolerance 

Tolerance to moisture stress is a key factor in lentil production in the 

Mediterranean region. In the absence of information on the tolerance of 

wild lentil to drought, we studied the reaction of wild Lens accessions to 

drought stress. A set of 121 accessions, representing all subspecies of 

the genus Lens, wer6 grown for the second season in a field trial 

conducted at Breda (long-term annual rainfall of 280 rrm) under a line

source sprinkler irrigation system. This season the moisture regime 

ranged from rainfed (263 mn total annual rain) to rainfed + supplementary 

irrigations (total water supply of 363 mm). 

http:3.1.1.11


1al 3.1.8. O-aU mlr (M arld sa dr c=atiCn (SD) tcgter with the a rxare (pj f,& ptas ar- mri.ie dur-m4-i - cf LemsUtxdr fie1d omditicm at 7 Hdra in L990/91 a-d 991/92 sas . 

Coaractelsxci-iis 
rnoric~-s ______i__L. 

1991 L992 1991 1992 1991 1992 1991 1992 1991 1992 

tb. of ac -s 10 10 48 48 8 9Biok~1 13 12 28M 4.0 4.4 1.7 1.0 5
0.8 0.3yie3./pa R 1.5 0.4 2.01-7 2-8 0.80.4-5 0.2-3 0.4-2 0.01-0.6 0.5-2(g) 0.2-0.8 0.8-5MD 15.7 16.7 C.6-0.99.9 5.7 4.7 0.5 6.8 2.2 12.2 2.5 

Seed yield/ M 0.8 2.0 0.2 0.3plat (g) R 0.03 0.07 0.2 0.10.1-2 0.9-4 0.3 0.30.01-1 0.1-0.8 0.01-0.08 0-0.1 0.02-0.4 0.04-0.3SD 0.01-2 0-0.94.7 7.1 2.1 2.2 0.28 0.27 1.5 0.74 3.8 1.3 
yield/ MrawM 
 3 2 2 0.7 0.7 0.3 1 0.3pa= (g) R 2 0.50.7-6 0.7-4 0.4-4 0.2-2SD 14.5 11.7 0.3-2 0.01-0.6 0.5-28.1 3.8 0.2-0.6 0.6-44.7 0.42 0.0-30.76.1 1.7 9.4 1.6 

Ti Teto M 108 117 109 1.2 110 108 119flo- (d) R 127 12C96-121 107-129 97-130 101-145 102-120 102-118 122
105-132 123-127SD 8.8 1.9 8.2 

13-135 122-123
2 6.7 1.7 6.1 2.7 4.9 0.86
 

re to M 150 163 150 161 150n'uity (d) R 136-157 160-165 130-166 
161 159 162 160 16458-170 141-158 158-167 149-161 10-169 141-164 163-165SD 7.3 1.8 7.3 1.8 6.3 0.6 3.7 1.7 4.6 1.9
 

Fepr-=%e M 42 46 41 
 48 40 52pEioi (d) 40 35R 32-54 36-54 23-54 4.1 -1226-60 29-52 46-56 29-54 29-43 22-53SD 8 41-422.7 6.5 2.8 
 8 1.6 6.9 3.4 6.2 1.8
 

http:0.01-0.08
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The average time to maturity under rainfed conditions of the sub

species ranged frcm 170 days for L. niqricans subsp. ervoides to 175 days 

for L. niqricans subsp. nicricans (Table 3.1.9). Irrigation prolonged the 

growth period 	for all sub-species. AnDng the wild lentils, subspecies L. 

culinaris subsp. orientalis yielded most seed and straw. As might be
 

Ta 3.1.9. ard rar (R) of tine to maturity, seed yield (SY) ard strw yieldMaas M m 
(STY) of wild Le axeicm gm unJer to water igms at Bred in the 
1991/92 seas. 

Painfed Rainfed~frrgtim saa yield 

Cl to sY sY Mys to sY Sly r 

riturty kg"i lk/ha netnty ~ k'jnha rainfed M% 

L. ojhmaris 

ssp. ailinaris 	 M 173 2122 2546 181 2813 5396 33 
R 165-185 572-2850 585-3659 175-186 2406-5722 2645-T750 0-408 

ssp. criErtais 	 M 172 346 780 179 7191950 108 
R 165-187 158-779 331-1635 172-190 64-1509 318-4350 0-480 

ap. 	oakm -is M 171 155 204 177 218 366 41 
R 165-180 77-209 99-344 172-185 101-410 54-745 0-123 

L. njgir 

ssp. niDrt-s 	 M 175 187 323 181 393 1087 i10 
R 171-181 103-410 38-881 175-186 164-738 172-2456 0-542 

ssp. 	 eroces M 170 178 177 184 242 733 36 
R 165-186 74-613 10-578 178-190 48-654 184-1830 0-364 

excected, accessions of the cultivated lentil produced the highest seed 

and straw yields overall. Yields inc-eased with wate- supply, but the 

s,percentage varied (_ver subs(;c1es. On av.lra ubspecies I'. clinaris 

subsp. orirentalis and L. nigricans sihusp. niqric'ans showed high irrigation 
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response, and hence poor drought tolerance, as their seed yields increased 

by 108% and 110% over rainfed conditions, respectively (Figure 3.1.10). 

By cmparison, the cultivated checks (10 accessions) showed a response in 

-Rainfed] [ Response 

2.5 

CO 2t 
-a
 

F-

- 1.5 

K- ~rn91 92 91. 92 91 92 91[ 92 91 92
Cul nars orenitalis ooemensis nigricans ervoides 

Figure 3.1.10. Average yieldseed (t/ha) and its responr-e to irrigation
of the sub species of the genus Lens f-c., the 1990/91 and1991/92 seasons (shown as 91 and 92 harvests,
respectively) at Breda. 

The genotype x water regiim interactions for botn seed and straw 

yields were significant, indicating the variability b-itween individual 

accessions in response to drought stress. For example, the percentage 

increase in seed yield witi' irrigation in L. culinaris sibsp. orientalis 

ranged from 0 % for accession ILWL 37 to 480 % with ILWL 24. rhe highest 
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yielding accessions within each subspecies under rainted conditions are 

given in Table 3.1. 1-. Accession ILWL 91 from Turkey gave the highest 

Table 3.1.10. 	 Accession number (ILWL), seed yield, straw yield and water 
use efficiency (WUE) of the highest-yielding accession of 
each Lens sub-species grown under rainfed conditions at Breda 
in the 1991/92 season. 

Seed Straw WUE
 
Species/ yield yield (kq/ha/nm)
 

ILWL sub-species (kg/ha) (kg/ha) Seed Straw
 

L. culinaris
 
91 ssp. orientalis 779 1635 2.96 6.22
 
175 ssp. odemensis 198 248 0.75 1.08
 

L. nicrricans
 
305 ssp. nicricans 318 881 1.21 3.35
 
259 ssp. ervoides 376 298 1.43 1.13
 

Mean of cultivated lentil 2122 2546 8.07 9.68
 

seed and straw yields among wild lentils of 779 kg/ha and 1635 kg/ha, 

respectively, and also had the greatest wter use efficiency with 3 kg
 

seed/ha per mm 	water supplied and 6.2 kg straw/ha per rim water supplied.
 

Comparing the results of the seasons 1990/91 (Legume Program Annual
 

Report 1991) and 1991/92, the colder winter on 1991/92 prolonged the 

growing period 	by an average of 35 days in comparison to an average delay 

in maturity of 8 days from the effect of irrigation. Despite the cold 

winter of 1991/92, seed yield was generally greater thpun in the previous
 

season because 	of the higher rainfall in ]991/92 (Figure 3.1.10).
 

A. Hamdi and W. Erskine 
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3.1.1.12. Development of scale of lentil growth stages 

A scale of the stages of development was made by Erskine et al. 
(1991:.
 

We wished to refine this scale anticipation its forin of use data 

collection in the field with hand-held pa'm-top computers. Classically, 

time to flower is measured as the period from effective sowing date to the 

date that 50 % of plants in a plot produce their first flower. Accurate 

determinations of flowering time entail repeaued visits to plots. This is 

expensive at best and often logistically inpossible for trials far from 

hoe-base. The plant breeder is primarily interested in comparing the 

earliness/lateness of test entries with specified checks. 
The use of a
 

scale of the stages of development on a single visit should give 

sufficient information for thE comparisons interest.of 

Briefly, our scale of reproductive development is built around five
 

clearly visible stages on an individual plant: first open flower; 

appearance of the first pods; appearance of first 'flat' pods; appearance
 

of first 
'fat' pods (seeds full inside the pod); and appearance of first
 

ripe pods. Each stage is divided into ten levels depending on the 

proportion of plants to reach the stage of development. Reproductive 

stages start at 1 and extend to 50. For example, the first open flower 

stage starts at 1 and extends to 10; the reproductive stage 1 is defined 

as when 10 1 of plants in the plot have produced their first open flower 

and reproductive stage 10 is when 100 % of plants in the plot have 

produced their first open flower. 
 The stages of the appearance of first
 

pods are from 11-20, the 'flat' pod stages are 
from 21-30, 'fat' pod
 

stages are from 31-40, and the ripe pod stages extend from 41-50.
 

http:3.1.1.12
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The growth stages of two lines (early flowering and late flowering) 

are illustrated for 13 sampling dates spanning reproductive growth in 

Figure 3.1.11. At ten of these sampling dates difference7 b.*ween lines 

in the stage of reproductive growth were clearly visible. We intend to 

establish the extent of geetic and environmental variation of the scale 

and understand the accuracy associated with its use. 

M. El Omar (ARC 	 Idlib station, Syria), A. Hamdi and W. Erskine 

60 

() 50 
0 

.. 40 

c, 	 - Early
E::30
Ea .	 . Late 

0 

>a) 20 

10
 

1 6 11 16 21 26 31 36 41 

Days after April 12 

Figure 3.1.11. 	 Developmental scores of an early flowering and a late 
flowering line through reproductive growth in a 
preliminary yield trial at Tel Hadya in 1992. 
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3.1.2. Use of lentil germplasn by NARSs 

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 Mditerranean Sea. To date, more use has been 

made of lines than segregating populations and veiy few crosses are made
 

in the region outside ICARDA.
 

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 Lebanon, Syria and are soon to be released in Iraq 
and Libya. Selections from Syrian germrplasm are released for cultivation 

in Algeria and Tunisia. Selections fran Lebanese and Morocc-an germplasm 
are released/ inpre-release for cultivation inS.E. Anatolia in Turkey.
 

Table 3.1.11 lists lentil lines released as cultivars and Table 

3.1.12 gives those lines selected for pre-release multiplication and/or
 

on-farm trials by NARSs.
 

In Syria the red-cotyledon line ILL 5883 will soon be submitted to
 
the variety release comittee following its testing in on-farm trials 

over the last four years, where it yielded a man of 22% more tha-i the 

local check in Zone 1 (mean annual rainfall > 350 m) and 9%more than 

the local check in Zone 2. Additionally, it has improved standing ability 

for harvest mechanization and superior reaction to vascular wilt disease
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ccpared to the local check. 

On-farr trials are planed to test FLIP 84-147L (ILL 5816) and FLIP 

87-5L (ILL 6195) in Jordan, and to continue the testing of FLIP 86-2L 

(ILL 5988) and FLIP 87-56L (ILL 6246) in Lebanon next season. 

Table 3.1.11. Lentil cultivars released by national programs. 

Country 	 Cultivar Year of Specific features
 
name release
 

PIgeria 	 Syria 229 1987 High yield, good seed quality 
Balkan 755 1988 High yield, god seed quality 
ILL 4400 1988 High yield, good seed quality 

Argentina Arbolito(ILL 4650x-4349) 1991 High yield, tall and early
 
Australia ILL 5750 1989 High yield
 

Canada Indianhead (ILL 481) 1989 Green manure 
Chile Centinela (74TA470) 1989 Rust resistant, high yield 
China FLIP87-53L (ILL6242) 1988 High yield for Qinghai Province 
Ecuador INIAII-4506 (FLIP 84-94L) 1987 Rust resistant, high yield 
Egy-pt Precoz (ILL4605) 1990 For intercropping in sugarcane 
Ethiopia R 186 1980 High yield 

ILL 358 	 -1984 Rust resistant, high yield
 

Iraq 78S26002 (ILL 8) 1992 High yield, standing ability 
Jordan Jordan 3 (78S 26002) 1990 High yield, standing ability 
Lebanon Talya 2 (78S 26013) 1988 High yield, standing ability 
Morocco Precoz (ILL 4605) 1990 Rust resistant, high yield 
Nepal Sikhar (ILL 4402) 1989 High yield 
N.Zealand FLIP87-53L (ILL 6243) 1992 High yield, red cotyledon 

Pakistan Manserha 89 (ILL 4605) 1990 Ascochyta & rust resistance 
Syria Idleb 1 (78S 26002) 1987 High yield, reduced lodging 
Tunisia Neir (ILL 4400) 1986 Large seeds, high yield 

Nefza (ILL 4606) 1986 Large seeds, high yield 

Turkey Firat '87 (75Kf 36062) 1987 Small seeds, high yield 
Erzurum '89 (ILL 942) 1990 Spring sowing, high yield 
Malazgirt '89 (ILL 1384) 1990 Spring sowing, high yield 
Sazak-91 (NEL 854) 1991 Winter sowing, red cotyledon 

U.S.A. Crimson (ILL 784) 1991 Yield in dry areas 
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In Iraq the large-seeded line 78S26002 was registered in 1992. The
 

lentil line ILL 1939 has been offered for registration by the South-East
 

Anatolian Research Institute in Turkey.
 

In North Africa the line FLIP84-58L (ILL5728) has been identified by 

the national program for pre-release multiplication in Tunisia as a
 

supplement to the two cultivars already released. In Algeria the 

national program has selected Balkan 755, Setif 618 and 1 Redjas for 

release this year. In Libya the line 78S26002 is in pre-release 

multiplication.
 

Table 3.1.12. Lentil lines in pre-release multiplication or on-farm
 
testing by NARSs.
 

Mediterranean regicn
 
Algeria ILL 468, ILL 1889
 
Jordan FLIP84-147L, FLIP87-5L
 
Lebanon FLIP86-2L, FLIP87-56L
 
Libya 78S26002
 

Morocco FLIP86-15L, FLIP86-i6L, FLIP87-19L, FLIP87-22L
 
Syria ILL 5883
 
Tunisia FLIP 84-58L
 
Turkey ILL 1939
 

High elevation
 
Iran ILL 4400, ILL 4605
 
Pakistan FLIP84-4L, FLIP85-7L
 

Southern Latitudes 
Ethiopia FLIP86-12L, FLIP86-16L, FLIP86-18L 
Nepal ILL 2578, ILL 4404 
Pakistan ILL 2573 
Sudan ILL 795, ILL 813, ILL 4605 
Yemen ILL 4605, FLIP84-14L 

Others
 
Argentina FLIP84-100L, FLIP86-12L, FLIP87-23L, 74TA19 
China ILL, 504, FLIP 87-53L 
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Lentils in Morocco suffered less rust than in the previous seasons 

because of a severe drouqht during the winter. The following lines with 

resistance to rust FLIP86-15L (ILLi600I) , FLIP86-16L (HL6002), FLIP86-19L 

(iLI,6005), FLIP86-21L (III007), FLIPS7-19L (ILLk_209) and FLIP87-22L 

(ILL 212) are in the catalcgue trials. 

Naticnal Agricultural Research System 

3.1.2.2. Advances for southern latitude region 

Thiis reion ccaprises the sub-continent of India and Ethiopia where an 

early flcwering iit is required together with resistance to rust, 

Ascochyta b igLt sud wilt. The itoxrtance of foliar pathogens contrasts 

with other major areas of lentil production.
 

There ale thte strong lentil breeding programs in Pakistan with two 

in Faisalahd and the remaining program in Islamabad. Over the last five 

years IQ\RDA hats v) rked ciosely with these programs in joint selection as 

the fcc-Ls of a t-hrust to brcaden the genetic base of lentils in South 

Asia. P-cess in Pakistan in lentil breeding is now clearly visible. 

This season t National jntiL 'rial (91/92) in Pakistan corprised the 

follc ;j ng entries: 

2,5 tries s..lected directly frcn ICARDA trials 

17% lines ficxpn 1C2DA supplied crosses 

8% lines from a loc-al cross with an IC7UDA kirent 

33% lines which are :mta:.ts fixi IC!IAk supplied gerrrplasm 

Improved check 7]RDA and localiex- check 

Varietal releases are planned frmc this mrterial this year. 
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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 
lase program at;Tel Hladya. Selections have nc ,:been made in Bangladesh of
 
adapted rust resistant plants in the F3 generation from this material. 

During the 1989/90 season ILL was in4605 included every crossing 
block in India on the basis of its large seed and combined resistance to
 
rust and Ascochyta blight. During the 1990/: sason there were a total 
of 60 test w'ntries in the All-India Cordinated lentil trials, of which 12 
entries ctmxnfoo cr-sss with ILL, 4605 as a parent. Thne Indian 
A-ricuiure Research institute, New Delhi has selected two ICARDA lines 

(LS 362 and !6 28651 for inclusion in the All India trials with large 
seeds 
(5.5 q,;100 seeds), early flcwering and a high yield potential.
 

Nepal srows iure than 120,000 ha of lentil spread fron the Terai area 
adjacent to India 
to the lower Mid-Hills. 
The Grain Legume Improvement
 

Program of Nepal has shown that lines from the PaJistani/ICARDA breeding
 
program are tixcellentiy acipted 
 to Nepli conditions. For exarrple, the
 
c ltivar ILL 4402 currently grown 
in Nepal originated i:-Pakistan and the 
best introduced lines in Nepal ccm_ from the joint Pakistaii/ICARDA 

breeding urcxram.
 

In Ethiopia FLIP 84-78L 
(ILL5748) FLIP 86-16L 
(ILL6002) and are in
 
pre-release, lare-scale. tests 
with the National Seed Registration
 

Committee. 
Ada and Akaki are the areas where the released line rEL 358 is
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becoming very popular. FLIP85-33L (ILL 5871) and FLIP86-38L (ILL 6024) 

have been identified as resistant to both rust and Ascochyta blight with 

good seed type and yield. FLIP86-38L was previously identified in 

Pakistan as nmultiple-disease resistant.
 

In Sud the la rge-seeded line ILL 460 5 and small-seeded ILL 795 and 

ILL 813 were pronising under fairnc.rs' conditions at Rubatab and Wad-Hamid 

in Northern Sudan in the 1991/92 season. 

National Agricultural Research Systems 

3.1.2.3. Advances for high altitude region 

The high altitude iegion primnrily consists of those regions of 

Afghanistan, !ra, Wkistan aid !urkq whole lent il is nonrally qrcwn as 

a spring circr Vcaus: of t1-.- winter cold. ',1iis season at Ankara 

the natiocna iro n am "Iyhas rain deriuntrated that winter-sown 

lentil haes a 1',ighA yiI-.d I tha n the spring-sawn crop providing 

there is suffii wr lia i,-,ess in t rlt 11var. In the Lentii 

InternatUi :--,1 Cold '1ierance Nursery at ;ikara the checks were susceptible 

to cold aund kiled a:i rhe lines IE. 468, -1918, -465 and -983 were 

tolerant and selected in descending order of nur it. 

The line 1066-1, a single plant selection nde at Eskisehir froan ILL 

854, is a large-seeded, red-cotyledon line which was released as Sazak'91 

for winter sowing on the central plateau of Turkey during 1991. 

In Iran the lines ILL 4400 and ILL 4605 are pronising in the Ardabil 

http:fairnc.rs
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region.
 

The lines FLIP84-4L and FLIP85-7L inare the pre-release stage at the 

Arid Zone Research Institute, Quetta, Pakistan on the basis of their cold 

tolerance and larger seed size than the local cultivar. 

National Agricultural Research System 

3.1.2.4. Advances otherin areas
 

In Argentina the cultivar Arbolito was 
released during 1991 on the basis 

of its high yield and stability, growth habit for mechanization and grain 

quality. F6 seed frcni the cross Laiid x Precoz was taken hcre by an 

Argentinean trainee and re-selected to produce this cuitivar. 

The New Zealand Institute for Crop and Food Research has indicated 

that it will register lentil I'FLIP87-53L (ILL 6243) as a variety. It is a 

red cotyledon lino which has out-perfoiv-d the ccmarcial standard and is 

well received by the lentil trade for use either whole or split. 

In Australia there is now considerable interest in lentil. In New 

South Wales the Iines FILIP84-51L (ILL5722) and FLIP86-16L (ILL,002) are in 

rulti-loatin testing following their selection at Tanmrth over several 

seasons. In Victoria the best arelines FLIP84-51L (ILL5722) and FLIP84

58L (ILL5728). 'The mornst prcxising new selection in South Australia is 

FLIP84-61L (ILL,5731) . 

Cultivar Crinis-Dn was released in USA in 1991 as a result of single 



170
 

plant selection of ICRDA-supplied gerplasm (ILL784). Crimson is a red 

cotyledon variety which has been released on the basis of its high yield 

under dry conditions in the Palouse area of Washington State. 

, 	 Nationa Agricultural Research Systems 

3.2. Application of Biote,' nology 

3.2.1. EMA-Markers in Lentil 

With the application of polymerase chain reaction (PCR) technique, EMA 

sequences can be anplified using a primer which initiates the polymerase 

reaction. If an anplified sequence can differentiate between two parents 

through a polynorphism and has mendelian inheritance, this EA-sequence 

may be tested for linkage to an agronomic trait. Many such polymorphisms 

can be so tested. In collaboration with Dr. F.J. Muehlbauer of Washington 

State University, Pullman, USA, RAPD (randcm anplified polymorphic MA) 

markers are used to establish linkage to agronanic traits in lentils. 

RAPD-markrs are generated after use of random A sequences (10 to 20 

base pairs long) to prime the polymerase activity. Available markers will 

be used to screen for (a) rust resistance, (b) Fusarium wilt resistance, 

(c) 	seed size, and (d) cold tolerance. Segregating populations have been 

used ICARDA.established in Pullm-n and will be for gene tagging at 

Oirrently, a set of 400 RAPD-markers is being used to look for 

polymorphisms between lentil lines. 

M. Baum, F.J. Mehlbauer (Pullman, Washington) and W. Erskine 
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3.2-2. Test for Sazaclonal Variation in Lentil 
Dv1opi1 nt of MA marker using a F2 segregating population depends on the 
availability of sufficient individual F2 plant since F2 plant material 

might'have been lost during trait evaluation (e.g. seedling test against 

k b-\ 

Figure 3.2.1. DNA-fingerprints of in vitro cultured lentil. Total OM.A 
was digested withTaql and probed with (GAT) 4., Lane 2contains the donor plant. 
 Lanes 3-6 contain the
regeneration. 
Lane 1 shows the molecular weight marker.
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A. rabiei) and numerous seecs have to be harvested from the same plants 

for further trait evaluation in F3 the DNA stocks of the F3 individuals 

might be exhausted before a trait specific marker could have been 

developed. To overcome this bottleneck in a crop where dihaploid lines
 

can not be produced by in vitro culture techniques reccribinant inbredlines 

could be developed. The disadvantage of such an approach is the time 

required to reach at least the F6 generation. An alternative approach 

might be the clonal propagation of the individual F2 plants. In this case 

soraclonal variation has to be ruled (-:t as an unwanted source of genetic 

variation.
 

To detect somaclona] variation, lentil plants were briefly exposed
 

, 
to tissue cultue stress. Therey, excised shcot tips war cultured in 

vitro until they produced r-ots. At the ut.inc; sites scnw callus tissue 

develcpd. Rqenerated p1J!ul~ets were ccT ,: with th respective donor 

plarms by DNA fingepri'.,t r Fiq. 3.2.N. N fi il! clusicn can be 

drawn sinwe c.eric ! u i ii .i '.i.intic . .iA-fir, ,prints 

between rci--:"tc :v. .,-.-*jrx:.ts is o:est <o:cu e :.-mc< of one missing 

band in al' :--r::uant kh . Y-st p"ohbaly t o- of this band is 

a technj - tict. because it is very unlikely th-t tissue clture 

induced r,,tatico shoold ive -ccured at one and the same loous in 4 

This will be further studied.independently ecjeneraticn plantless. 

F. Weigand and I. Mahmioud 
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3.3. Lentil Biological Nitrogen Fixation 

3.3.1. Fixation of12 :-ntil Cultivars in Response to Inoculation with 

Selected Rhizobia 

With long term cult*ivation of lentil in areas of WANA receiving between 

250 ad 400 cm annual rainfail, high native populations of rhizobia 

nodulating lentil are expected. Surveys conducted throughout W. Asia 

verify this; average viable counts of rhizobia nodulating lentil are in 

the range of 103-105 g'1 soil. Existence of adequate native rhizobial 

populatioas implies that improvement in N2 fixation through manipulation 

of the symbiosis via rhizolial inoculation nay not be possible. Little is 

known regarding specificity of the crop with respect to strain-cultivar
 

interactions, but indications by other investigators point to some degree
 

of specificity.
 

Response to inoculation may occur where intzoduced cultivars,
 

selected 
 for high yields, cannot express their full capability for
 

fixation 
 in symbiosis with native ihizobial populations which have 

developed in coadaptation with local landrace. Selection of highly 

effective strains for a group of improved cultiva-s or lines then may be
 

sufficiently beneficial to justify the practice of inoculation. It is also
 
important to establish base-line for P-values it proportion of plant 

N derived from and ofN, fixation) quantities N2 fixed in recommended 

cultivars of lentil so improvements through rnizabial strain c--! legume 

cultivar 
breedinc and selection may be quantified. The objective
 

therefore of this long term study was to dcenaine the variations in 
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nitrogen fixation and yield in lentil cultivars inoculated by a number of 

carefully selected Rhizobium lequminosarum strains nodulating lentil. 

Five field trials were conducted in N. Syria over four seasons,
 

1987/88 to 1990/91. Seasonal rainfall in the field trials fluctuated
 

between 196 and 350 rm, representing a normal range of rainfall for lentil 

production. Seven cultivars of large- and small-seeded types were used in 

the triais, chosen for their realized and potential use in the region. 

Cultivars included ILL 8, ILL. 26, ILL 1939, ILL 4400, ILL 4401, ILL 5700 

and ILL 6011. 

Most probable number (MPN) measurements of indigenous lentil rhizobia 

populaLinns in the test soils were hiyh (between 6.8 x 103 and 4.6 x 104 

rhizobia g-1 soil;, due to long-term cultivation of lentil in these 

areas. Rhizobia treatments comprised uninoculated and two strain
 

treatments; all experients included at least one single strain treatment 

(strain 719), while some included two single-strain inoculants (strains
 

719 and 735) or a single-stra-n inoculant (strain 719) and a 3-strain 

mixtu-e (strains 719, 726, and 735). Strains were selected based on prior 

N2-fixing performance on the concerned cultivars in aseptic hydroponic 

culture in a-eenhouse trials. Seeds were inoculated at planting using a 

liauid appl.ication method, at a rate to provide approximately 106 viable 

cells per seed. 

Trial results here reported are only for the best overall inoculation 

(single strain 719) and non-inoculated treatments. As expected, increased 
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N2 fixation accompanied increased yields with increasing rainfall 
(Fig.
 

3.3.1). Inoculation had virtually no effect on average crop dry matter or 

nitrogen yields over the seasons. As rainfall increased, yield vaiiability 

between cultivars also increased, but average yields indicate no response 

to iroc1pon. Amounts of N2 fixed did increase with inoculation as 

rainfall increased, reaching a maximum increase of 14 kg N/ha (13% 

increase oer uninoculated) at 350mn seasonal rainfall. 

The large degree of variability in inoculation response between 

cultivars and experiments is shown in 'Table 3.3.1. Average nitrogen and 

dry matter yield responses to inoculation were n~voitive in 1987-88 and 

1989-90 seasons, and positive in other trials. It is interesting to note
 
8000  14V 

•N totol noc 

N4 totnl uninoc 
DDl yield Inoe
 

DU yield uninoc 
N h. cd noc N totni I20 

* N fled onlnoo 

/000 

' 00Ory -,ttc, 

4o 
 4 

Q1 
 40 
2000 * N 

0 
180 240 300 360
 

Rainfall (ram) 

Figure 3.3.1. Dry matter, total nitrogen End fixed nitrogen yield of 
above ground pars of lentilas affected by inoculation and
total seasonal rainfall, 1987-1991; + I = inoculated;-I 
= uninoculated.
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that response does not seem to be connected with available moisture. Yield 

responses among cultivars within experiments also varied greatly. Only 

cultivar4 ILL 5700 and 6011 showed positive yield responses to inoculation 

in all trials, but all cultivars produced significantly increased yields
 

due to inocu!ition in at least one of the trials. Given such wide
 

variation in yield response to inoculation with carefully selected 

rhizobial strains, it would be imprudent to reccmmend inoculation at the 

farmer level.
 

:'ble 3.3.1. 	 Average above ground dry matter (AGEM) and nitrogen (N) yield 
response of 7 lentil cultivars to inoculation with strain LE 719 
in 5 field experiments, 1987-1991. Figures represent percent 
change from uninoculated control (parentheses indicate negative 
percentages). 

ILL 8 ILL 16 ILL 1939 IIL 4400 ILL 4401 ILL 5700 ILL 6011 X 
1987-88, 350 	rm
 
Tel 	Hadya 

AGDM (3) 3 (6) (10) (9) 14 6 (1) 
N (5) (3) (6) (10) (13) 16 2 (5) 

1988-89, 195 anr
 
Breda
 

AGDM 6 3 (2) 19 8 39 18 13 
N 17 10 4 23 13 43 22 19 

1988-89, 235 nn 
Tel Hadya 

AG!3M 1 21 11 6 13 23 16 
N 9 25 17 8 10 33 27 18 

1989-90, 250 	rm
 
Tel 	Hadya 

AGEM (10) (3) (8) (17) 6 6 3 (4) 
N (12) (5) 0 (5) (10) 20 5 (1) 

1990-91, 300 nn
 
Tel Hadya 

AGEM 17 31 na na na 13 23 21 
N 20 37 na na na 20 24 25 
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Because of increased cultivar variations in yield at higher moisture 

and the limited number of points on the rainfall axis, total crop N, fixed 

crop N, and Pi× have been plotted against dry matter yields in Fig. 3.3.2. 

Inoculation clearly has no effect on the N yield at a given level of dry
 

matter prcduction. -4 is, however, increased by inoculation at higher 

levels of crop production, increasing quantities of N fixed.2 As a result, 

joil N use is decreased by an average 15 N/ha. Although effects of
 

inoculation on yield are limited, the quantities of soil N preserved could 

be significant in a systems context. 

200 

80
 

175 :.r 

150 

-: 125 6 
N. 

4040 

Inca 

0 5 J f ninootd 
00 sooo 20 

tlm - 1 total oo 
N fix.d n .oo d 

02000 40d0 a00 8000 0 

Dry mater ylald(kg/ha) 

Figure 3.3.2. Effect of inoculation on total nitrogen yield, yield of 
fixed nitrogen and percentage nitrogen derived from
 
fixation (Pfix) at various levels of above ground dry 
matter yield.
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The magnitude of yield increases in some cultivars and increase in 
the average P- values at higher rainfall suggest that manipulation of the 

symbiosis via inoculation may he feasible in lentil, even where ative 

rhizobia populations are high and mderately effective. However, better 

understandiing of the mechanics of interactions between native lentil 

rhizobial populations and inoculant strains is a necessary prerequisite to 

more consistent results from inoculation. A farmer will find it difficult 

to adopt inoculant technology if economic rewards, such as increased 

yields of the legume or following cereal, are not obtained as a 

consequence. D. Beck. and W. Erskine 

3.3.2. Effect of Variable Moisture on 2 Fixation in Lentil 

Of the legumes grown in rotation in the Mediterranean region, lentil is 

the crop most often grown under conditions of limited rainfall. If 

incorporated into crop/livestock systems with a view to maximizing the 

advantages of fixation, lentil can arrest the decline of soil N fertility
 

that inevitably acccmpanies intensive agriculture and, at the least, 

redLce the requirements for inputs of fertilizer N. Characterization of 

the interactions of N2 fixation and moisture in lentil will allow 

developmnit of management strategies designed to improve the N econctiy of 

soils through leguae N2 fixation. 

During 1988/89 and 1989/90 seasons, field trials utilizing the line

source sprinkler for variable moisture application and incorporating 15N 

microplots to measure N2 fixation were conducted to determine the effects 
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of variable moisture supply on N2 fixation in 11 lent; 1 lines. The plant 

material tested consisted of local landraces and ciosses made at ICARDA, 

and included ILLs 4400, 4401, 5582, 5604, 5782, 6004, 6207, 6247, 6434, 

6451, and 6784. These cultivars were part of a group of 25 lines tested
 

for drought tolerance, water use efficiency, and yield response to 

variable moisture supply. Aboveground dry matter and nitrogn yields were 

measured at physiological maturity under 7 moisture levels, ranging 

between J80 and 375 rn for the two seasons. For measurement of N2 fixation, 

an isotope dilution method was used with non-nodulating J'icko-ea line 

74233 and local barley as reference crops. No rhizobia inoculant was used, 

as the field soil contained an adequate population of chickpea rhizobia 

(see Section 3.3.1).
 

As expected, lentil yields were closely related to applied oisture 

(Fig. 3.3.3). Cultivar differences were significant only at the highest 

moisture level, where ILLs 6234 and 6247 gave the highest N and dry matter 

yields. Measureuents of Pjx at each moisture werelevel also not 

significantly different among cultivars. Average -Ei, values ranged from 36%6 

at 180ram moisture to 68% at 345-375nTn. 

In order to present the relationship between yield (as affected by
 
moisture availability) and total crop N, fixed crop N, and p-, N 

parameters have been plotted against aboveground dry matter yields (Figure 

3.3.4). Perhaps most significant is that Pi, values (40-50%) indicate an 

effective symbiosis even when moisture limits dry matter yield to below 
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Figure 3.3.3. 	Effect of total moisture supply on dry matter and total 
nitrogen yield of above groumd parts of lentil.
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nitrogen derived from fixation in lentil in relation to dry 
matter yield. 
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2500 kg/ha. This results in very little soil N (indicated by the distance 

between the 2 N ctu-ves in Figure 3.3.4) being taken up by the crop at 

lower moisture levels. In sharp contrast, chickpea fixes only 15-30% of 

its N at yield levels less than 1500 kg/ha, and utilizes upwards of 25 kg 

N/ha fru soil regardless of moisture availability and yield level (see 

Section 2.5.2) . This fact undoubtedly reinforces regional farmeLrs' 

decisions to include lentils in cropping systems under limited rainfall,
 

though they not aware the formight be of reasons improved system 

productivity. Fixation efficiency reached an average maximum of 66% at 

alout 4000 kg/ia dry matter produced, at which point it appears to level 

off (Figure 3.3.4). 

Figures 3.3.5 and 3.3.6 are similar to Figures 3.3.3 and 3.3.4, but
 

in addition contain data from 10 cultivars in uninoculated treatments of
 

4 years of winter-sown inoculation response trials conducted 4n N. Syria.
 

iVost of the additional data inserts above the 2 t/ha yield level, and 

because earlier sowing results in higher average yields, adds several 

points above the 5 t/ha yield level. The relationships between yield and
 

N2 fixation, after inserting th- additional informution, are virtually 

unchanged, except for an apparent drop off in 6, above 5 t/!ha dry matter 

production. At higher yield levels (ie. production at >350nm rainfall) 

decreased fixation efficiency will result in inareased soil N uptake (Fig. 

3.3.6) . This information supports the regional practice of replacing 

lentil cultivation with chickpoa about 350 rm rainfallat the level. 

D. Beck, W. Erskine, S. Silim and M.C. Saxena 
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3.4. Lentil Entoalogy 

The effect of damige by Sitona crinitus on lentil yield and nitrogen 

fixation was further studied and also related to different moisture supply 

levels. For soorage insect psts rethods of protection were studied in the 

field. '1Te exp-ruiint on yield loss ,issessmmlit ard econcmlic control of 

aphids could not W carr-.-d out due to inQufficient aphid infestation. 

3.4.1. Effect of S. crinitus cn Lentil Yield
 

xp~rinnts on Sitona d-nmage and control wie co-ducted at Tel Hadya, 

Jinderess and thre,, on- aim lc<xations, Efes, Alkaniye and Afrin. Based on 

the results :! p,vc ,a:years only one dosage of lirTuet (12 ml/kg seed) 

was cocr-ei th lhecheck . N 15 techmique vas used to quantify nitrogen 

fixation at Tel }{.iya, Jinderess md Alkandye. At all locations Prmet 

treat~nt incieased ient i seed and biological yield (Fig. 3.4.1). F cept 

for Efes Ahigih variaticn) and seed yield at Tel Hadya diffeiences were 

significant. 

Prometl '= 
Tel-fladya check 

Check 

Arn Promel r 

Check
 

Alkamlye Check. 

Prome W 
Efes Check 

6 5 4 3 2 I ( I 2 3 4 5 6 

Seedyield 11on hai rotal %ieldfton haj 

Figure 3.4.1. Effect of applicat:cn of Prce)t on 
biolocgical yield at - lccat icns, 6yria, 

lentil 
1991/92. 

seed and 
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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, although the nodule damage ranged from 92 % at 

Alkamiye to 63% at Tel Hadya and was significantly reduced at all 

locations by Promet treatment (Table 3.4.1) and nitrogen deficiency 

synptais were visible in check plots at several locations. The nitrogen 

yields, however, were significantly higher with Promet treatment at 

Jinderess, Afrin and Alkamiye, apparently due to yield increases rather 

than differences in nitrogen content. Soil samples from all treatments 

and locations were taken and analysed for NH+, NC- and total nitrogen 

content, but no significant differences between treatments were found. To 

further follow the effect of Sitona feeding on the nitrogen cycle soil 

cores were taken from all plots, which will be planted with barley in the 

plastichouse to observe any growth differences due to Sitona control. 

Oviposition of S. crinitus was monitored by counting the eggs 

extracted from 100 ccm soil samples taken at 2-week intervals. This season 

oviposition and Sitona activity in general was delayed due to the cold and 

snowy winter. Whereas oviposition usually started in the beginning of 

January, the first eggs were only found in early March this year (Fig. 

3.4.2). Likewise the peak was reached about 6 weeks later-late March/ 

early April instead of mid February. Proet treatment greatly reduced the 

number of eggs at all locations, but was less effective at Afrin. 

The mean nodule damage at 3 sampLing dates over a 4 weeks period is 

presented in Figure 3.4.3. At Alkamiye, Efes and Tel Hadya the nodule 
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Table 3.4.1. Effect of Prcwt (12 ml 'k- seed, P 12) treatmnt on lentil 
.plant nitrogen cocnc, nt , , ita dhy ttter and 

nitrogen yieci and ncdul, vi by itona at 5 c-'at ions in 
Syria, 1091,92 

Location Treatrnt N" SN d N yiold %ncdule 
t' 2 22/5 

5ce.xi 
1 
"Ifal 

kg/ht dainige
5/5 

Tel Hadya check 1.26 2.41 1641 3331 80.5 63.4 

P 12 1.27 2.41 2£ *199 1101.0 10.9 

S.E.M. 0.01 0.06 8 .5 10-9.6 6.4 3.3 
LSD 5% NS NS N 763 NS 15.0 

Jinderess Check 2.74 2.35 918 2009 46.9 83.9 

P 12 2.51 2.38 1419 2955 70.2 5.4 

S.E.M. 0.04 0.05 48.4 88.1 2.5 1.3 
LSD 5% NS NS 217.9 396 11.1 6.0 

Afrin Check 2.55 2.45 2233 4877 119.4 74.9 

P 12 2.64 2.41 2504 5520 133.1 27.8 

S.E.M. 0.05 0.02 35.6 84.9 2.7 6.9 
LSD 51 NS NS 260.3 382 12.2 31.3 

Alkafiye Che.k 2.77 2.61 1549 3468 92.8 92.1 

P 12 2.95 2.54 2063 4468 113.2 16.3 

S.E.M. 0.09 0.05 26.3 70.9 3.5 4.5 
LSD 5% NS NS i I. 319 15.8 20.4 

Efes Check 2.46 2.28 1588 3999 91.8 69.7 

P 12 2.56 2.2; 1881 4746 106.1 9.6 

S.E.M. 0.14 0.07 131.9 293.5 7.9 8.9 
ISD 5% NS Ns NS NS NS 40.3 
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Figure 3.4.2. 	ryean nurer of Sitona c-rinitus eggs e::tracted [rca 100 ca: 
soil samples with and without Prcrnet treatment at 5 
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damage was still low (20%) at the first sampling date in early April, 

whereas at Afrin and Jinderess already 60% damage was noted. This was also 

observed last season and might be related to higher rainfall and thus 

higher soil moisture at these 2 locations permitting faster development of 

Sitona eggs and larvae. Exceot for Afrin the highest nodule damage was 

recorled in early May, 2 and 6 weeks later than 1991 and 1990, 

respectively. Promet treatnynt significantly reduced nodule damage at all
 

dates and locations, excapt for the last date at Afrin.
 

These results confirm the effectiveness of Prcmet treatment 

for Sitona control in lentil, and it will be included in on-farm
 

verification trials at about 15 locations in Syria next season.
 

S. Weignd
 

3.4.2. Effect of Sitcna Control at Various Levels of Moisture Supply
 

Past studies have shown that the nodule danage in lentil by Sitona varies 

with the seasonal rainfall as well as the efficacy of insecticide 

treatments. To quantify these relationships last yeaz's experiment at 

Breda was rep,ated evaluating the effectivenes of Sitona control with 

Carbofuran and Proamt at various lev-ls of moisture supply using the line 

source sprinkler system. The misi<ure levels evaluated wer- 118, 91, 56 

and 0 rm supplenntal irrigation in addition to 263 mm rainfall. N'5 

technique was used to quantify IlitrycTen f ization. Plant sanples were taken 

in early May and at harvest for nLtrger analysis. 

.'z last season differences in seed and biological yield betweer 
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treatments at the same moisture level were not great (Table 3.4.2). The 

nodule damage was comparatively low, between 36 and 51 percent and was 

significantly reduced by both treatments at all moisture levels. The 

plant nitrogen content showed small differences due to treatments at both 

sampling dates. Only at the lowest moisture level at the harvest sampling 

the nitrogen content under Promet treatment was significanzly lower than 

the check and at the highest moisture level the nit-ogen content of the 

check was lowest at both sampling dates. Carbofuran and Promet increased 

nitrogen yields at all moisture levels, but the increase was significant 

cnly at the 2 icAer levels. 

The results have shown that variation in moisture supply at Breda 

through supplemental irrigation does not affect nodule damnage and 

therefore response to Sitona control treatments. 

S. Weigand and M.C. Saxena
 

3.4.3. Control of Bruchus ervi
 

Different insecticides were tested in farmers fields at 3 locations (Efes, 

Atareb and Termanini) for their effectiveness to control Biruchus ervi, the 

inportant pest of lentil infesting the developing seeds. Two applications 

of Temiphone (1 ccm/l), Fastac (0.5 ccm/l) and Thiodan (1 ccm/l) at early 

podsetting late April and 2 %eeks later were used. At maturity four 

samples per plot were harvested of which seed samples of 25 g were 

evaluated for infestation from August to November. 
Although infestation 

was relatively low this season, differences in infestation levels were 

found between locations and treatments. At Teranin the infestation was 
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Table 3.4.2. Effect of 4 moisture supply levels, Carbofuran (10 kg/ha 5% 
G, C 10) and Prcmet (12ml/kg seed, P 12) treatment on lentil 
plant N concentration, seed, total dry matter and nitrogen
yield and nodule damage by Sitona at Breda, 1991/92. 

Moisture Treatment %N %N Lentil yield N yield % nodule 
level* 3/5 17/5 kg/ha kg/ha damage
 

Seed Total 21/4
 

381 rim Check 2.29 2.25 1809 5449 123.3 45.4
 

381 mm C 10 2.52 2.26 1931 5939 134.0 2.5
 

381 mm P 12 2.56 2.31 1727 5806 134.4 1.0
 

S.E.M. 0.08 0.05 123.9 321.3 8.3 2.8
 
LSD 5% NS NS NS NS NS 9.7
 

354 mm Check 2.53 2.34 1512 4420 103.6 36.4
 

354 mm C 10 2.49 2.34 1646 4846 112.6 1.6
 

354 am P 12 2.64 2.34 1583 4756 111.2 0.6
 

S.E.M. 0.06 0.09 156.6 295.4 7.8 4.3 
LSD 5% NS NS i S NS NS 15.1 

319 mm Check 2.55 2.36 1299 3742 88.0 40.5
 

319 mm C 10 2.52 2.33 1253 3816 88.9 4.9
 

319 rm P 12 2.52 2.44 1361 3864 94.2 1.3
 

S.E.M. 0.06 0.04 83.4 153.7 4.0 4.1
 
LSD 5% NS NS NS NS 13.9 14.4
 

263 mm Check 2.49 2.33 894 2620 61.0 51.3
 

263 rim C 10 2.43 2.40 888 2671 64.1 6.2
 

263 mm P 12 2.69 2.43 943 2669 64.9 1.7
 

S.E.M. 0.09 0.02 27.5 41.7 0.8 3.7 
LSD 5% NS 0.08 NS NS 2.8 12.9 

ST) between 2 moisture level mans 138.1 312.9 4.9 
for the same or different levels
 
of Sitona control
 
LSD (5%) 282.5 642.5 10.5
 

* moisture levels were 263 mm rainfall plus 118, 91, 56 and 0 mm 
irrigation. 
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highest (8.8% seeds infested), followed (5.3%seedsby Atareb infested), 

whereas infestation at Efes was very low (1 .4% seeds infested). Of the 

insecticide treatments 
Temiphone and Endosulfan effectively reduced
 

infestations at all location-, 
whereas Fastac little
had effect,
 

confirming previous results. However, chemical cxDntrol of Bruchus in 

lentil would only be economical in case of high infestations. It is more 

important to use preventive measure of not planting infested seeds. 

Syrian National Program Scientists and S. Weigand 

3.5. Lentil Crop Physiology 

3.5.1. Effects of Plant Density on Tolerance to Frost 

Plants growing at high densities in general, seem to tolerate cold damage 

better than the thinly populated stands of lentil. An e4)eriwent to 

verify these observations was conducted to relate the response of Idleb 1 

lentil plants in increasing plant densities to cold at Tel Hadya. The 

experiment was conducted in a RBD with seven plant densities (50, 100, 
"
150, 200, 250, 300 and 350 plants/m 2) and four replications. Increasing 

plant densities ,,ere achieved by increasing seed rate with in a row, at a 

constant ry to rw spacing of 25 cm. Sowing was done on 14 November 1991 

a-id harvesting on 27 May 1992. No irrigation was applied. Crop was sprayed 

once with a mixture of Cobox + Piremor and second time with Bravo + 

Piremor/or Desis to protect against diseases and insect pests. Frost 

damage was assessed on a 1-9 rating scale on 1 March 1992, with 1 being no 

damage and 9 a complete kill due to frost.
 

Early planted food and forage legumes experienced severe frost damage. 
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Planting of this trial being in November the frost effect was mild 

(average rating 2.4 on a 1-9 scale). Plants growing at sparse population 

of 50-100 plants/m 2 (Table 3.5.1) were relatively more severely affected 

Table 3.5.1. Effects 	of increasing plant density on frost damage, total 
biological, and seed yield and harvest index. Tel Hadya.
 

Plants m°2 	 Frost Total Seed Harvest
 
danage biological yield index
 
1-9* 	 yield 

kg/ha kg/ha 16 

50 3.0 2860 1150 40.0
 
100 2.7 3020 1116 36.8
 
150 3.0 3275 1175 35.7
 
200 2.2 3681 1308 35.4
 
250 2.0 3835 1366 35.6
 
300 2.2 4178 1433 35.6
 
350 1.7 4426 1550 34.8
 

Mean 	 2.42 3610.9 1307.1 36.32
 
SEr 4 	 0.23 166.9 105.6 1.63 
LSD (P< 0.05) 0.68 496.1 313.9 4.86
 
C.V. (%) 	 19.06 9.25 16.17 9.02 

Significance 0.C06 0.00 0.56 0.366
 

* 1 = no damaqe; 9 = 	 killed. 

copared to the plants growing at 200-350 plants/m 2 . Frost damage was the 

least at the highest 	density of 350 piants/m2 . Haever, no significant 

difference in seed and total biological yield and harvest index was 

2
observed btren 200 	 to 350 plants/mn . HI was --he highest at the lowest 

plant densit y' , of 50 plants/m2 . Experinent will be repeated in 1992/93 but 

with an earlier olanting date to increase the crop susceptibility to cold. 

M.C. Saxena and N.P. 	 Saxena 
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4. PORAGE L flPRZOVE r 

Annual forage legume crops are recognized for their potential to produce
 

extra feed fraon fallc lands. They are one of the major options being 

considered either to interrupt barley mnocultu-e or to replace fallow in 

che fallow - barley rotations. These species are sawn and harvested in a
 

single year and can he used for grazing during winter, harvested for hay
 

in spring or harvested for grain and straw at maturity. They differ from 

the food legume crops only in the end use - they are used to feed 

livestock, whereas food legumes for human consurption. 

In spite of the Nhue diversity of Mediterranean legume species, few 

have been used as feed crops, and these have received virtually little 

attention by breeders. Therefore, the L<<u:.e Pnx~ram pays particular 

attention to annual feed legumre c.cies for teed production in di areas 

where rainfalls are b._-wten 250 -- 402 eaSTM.TIheseas ae Letwee the 

steppe and hig:h Intential cereal growing rgions in West andAsia North 

Africa. tie low rainfall arpas haLve very fragile agro - ecosystems and are 

curren'y tweat-ned further degradation because of the increasingly 

annual cropping of Lbarley in rfepo.onse to increasing population pressure. 

The genm:.raK objetive of our crop inprovement program is to develop and
 

disseminate a range of inproved feed legnue crops adapted to various agro 

- ecological zones in the region. 

In feed legum inprovenent, we deal with two major genera i.e. Vicia 

(vetches) and Lath i (chicklings). Within each genus we deal with 

several species to assess a wide range of feed legume crops for different 
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utilization and niches. Of vetches, we are selecting and hybridizing 

genotypes of Vicia sativa L. (ccnnon vetch), Vicia villosa ssp. caoarp 

Ten (wooly-pod vetch), Vicia ervilia L. (bitter vutch), Vicia palaestina 

R., Vicia panonica GR. (Hungarian vetch) and of chicklings, Lathyrus 

sativus L. (ccnmn chickling or grasspea), Lathyrus cicera L. (dwarf 

chickling) and Lathy-us ochrus L. (DG) (ochrus vetch). There are two 

species i.e. Vicia sativa ssp. anohicarpa Dorth (underground vetch) and 

Lathyrus ciliolatus (underground chickling) characterized by producing 

both underground and above ground pods. 

A.M. Abd El Mcieim 

4.1. Forage Legume Breeding 

We have two approaches of developing feed legume crops (1) selection from 

the wild types to develop cultivated types and (2) genetic improvement by 

hybridization. The two approaches are illustrated in Figure 4.1.1. 

Breeding for improved yield is being supplemented by irrproving the 

quality of the feed, therefore, palatability, nutritive value of the 

herbage, hay, grain and straw and freedom from toxic substances and 

feeding trials are also considered through our collaboration with PFLP. 

We aim to serve national breeding programs through (1) assembling, 

classifying, maintaining and distributing gerrnplasm, (2) developing and
 

supplying breeding populations with sufficient diversity to be used in 

different environrents and (3) coordinating international trials to 

facilitate multiiocation testing and identification of widely adapted 

cultivars. 
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GERMPLASM 

I 
Promising selections 

(based on progeny test) 

Crossing (80-100 crosses) Ev aluation
I 	 I 

F2 	 Prelimina ry microQp lt 

Iyield trials at 2 sites;
F3 -families selection for yield,selected for yield, phenology stresselcty, resyistancephenology, resistance	 resistance and quality 

to stresses, quality 

F4 & F5 - families 	 Advancedyietd trials 

bulk selections tested at 2 sites 
at Breda & Tel 	Hadya 
for yield phenology, 
stress resistance, quality

I 
F -families Multilocatio yiield___ tri___s 

multilocation trials with with NARSs 
NARSs
 

Release of cultivars 
by NARSs 

Figure 4.1.1. 	 Genrplasm enhancement of Vicia spp. and Latirus pp. at 
ICARDA. 
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In 1991/92 gernplasm of comon vetch and hungarian vetch was 

evaluated. Promising genotypes (selections) of Vicia sativa, V ervilia, V. 

hvbrida, V. palaestina, V. narbonensis, Lathyrus sativus and L. cicera 

were tested in microplot field trials at Tel Hadya. Pronising lines of V. 

villosa ssp. dasycar a and non-shattering V. sativa were tested in 

advanced yield trials at Tel Hadya, and promising lines of V. narhanensis, 

L. sativus, L. cicera and L. ochrus were tested at Tel Hadya (seasonal 

tocal rainfall 332.3m) and Breda (seasonal total rainfall 26].2rmn . After 

screening coron chickling for iow neu rtoxin (BOAA) content, a crossing 

program was initiated for inproving nutritional quality of Lathyrus 

sati,-s by breeding. A study to investigate the pctential of subterranean 

vetch (V. sativa ssp. an hicarpa) under actual grazing conditions and its 

effect on the subsequent barley crop and its self-regeneration after 

harley aas continued. Crosses of V. sativa ssp. sativa and V. sativa nsn. 

aMphicarpa were mde and F1 and P2 plants were studied. The reactions of 

prceiising lines again.st major foliar and root diseases were monitored. All 

the breeding work was done under rainfed conditions without supplementary 

irri rat ion.
 

A.M. Abd El Mneim 

4.1.1. Cernplamn Evaluation 

To ccrpare the tolerance level of various vetches and chickling species 

and to identify sources of tolerance to cold in each species two 

experimnents, one with different species -,f vetches and the other with 

different species ot -ihicklings, were conducted. Two susceptible-cum

indicator checks, IFVI 534, and IFVI 708 belonging to Vicia sativa were
 

included for screening of vetches and IFIA 199 and IFLA 432 belonging to
 

http:again.st


197
 

Lathyrus sativus 
for screening of chicklings. 

These test entries along with the checks were grown in randomized 

block design with two replications at Tel Hadya. The plantings were done 

on 1 Oct in 1991 and one irrigation (40 nn) was applied to ensure good 

germnation. The susceptible check was included after every 10 test 

lines. The crop experienced freezing temperatures for 53 days and the 

mininmm temperature was -8.8 0 C on 28 Jan 1992. Visual cold tolerance 

ratings on a 1-9 scale were assigned after the susceptible checks were 

killed. The higher rating of the two replications was considered as the 

actual cold tolerance rating of the lines. 

4.1.1.1. Vetches
 

A total of 100, 60, 96, 40, 103, and 99 accessions of V. ervilia, V. 

hbrida, V. narbonensis, V. villosa, V. prerina, V. sativa and V. 

villosa, respectively, were evaluated. 
Almost all the accessions of V.
 

pereqrina, V. villosa, and V. hybrida were tolerant to cold whereas other 

species, V. ervilia, V. narbonensis, and V. sativa, had both tolerant and 

susceptible accessions (Figure 4.1.2). Following accessions had a rating 

up tj 3:
 

Vicia sativa: Acc. No. IFVI -64, -288, -294, -303, -309, -313, -314, -315,
 

-316, -317, -325, -326, -327, -328, -333, -334, -335, -336, -339, -372, 
-

377, -385, -391-, 399, -403, -406, -407, -408, -416, -447, -38!5, -3841. 
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Figure 4.1.2. 	 Cold tolerance reaction of different accessions of various 
Vicia species. Rating scale: 1 = free fron damage; 9= 
killed because of frost. 
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Vijcia ervilia: Acc. No. IMV 
-225, -228, -240, -263, -541, -654.
 

Vicia narbonensis: Acc. No. I-WI -67, -749, -1142, -1143, -1147, -1148, 

1150, -1152, -2623, -2644, -2663, -2696, -2697, -2702, -2703, -2933, 
-


3085, -3120, -3181, 
-3185, -3201, -3208, -3209, -3216, -3224, -3234,
 

3267, -3292, -3305, -3390, -3396, -3397, -3408, 
--3418, -3419, -3423,
 

3432, -3436, -3443, -3460, -3464, and -3473.
 

4.1.1.2. Chicklings 

A total of 21, 85, 70, 47, 7, 48, 17 and 203 accessions of L. annuus, L. 

aphaca, L. L.cicera, hierosolimitanus, L. marmoratus, ochrus,L. L. 
Pseudocicera, and L. sativus were evaluated. Most of the accessions of L. 
annuus, L. aphaca, L. cicera, L. hierosolw'ltanus, L. man-ratus, and L. 
pseudocicera were tolerant (Figure 4.1.3). All accessions in L. sativus 

and L. ochrus were moderately to highly susceptible for cold except one 

accession in L. ochrus (IFIA 109) from Portugal which was tolerant. 

There was no evidence for any association between cold toleran-e and 

origin of accessions.
 

R.S. Malhotra, A.M. Abd El Mcneim and M.C. Saxena 

Another two experiments were conducted using 81 accessions of V. 
sativa and 64 accessions of Vicia panonica in nursery rows a cubicin 

lattice design with two replicates. The accessions were sc-red for 

seedling vigour, winter and spring growth, cold effect, leafiness, time to 
flowering and maturity and grain yield. Great range of variability for all 
characters was found in the two species (Table 4.1.1). The most important 



Table 4.1.1. 	 Range, mean, standard error and coefficient of variation (CV%) for 
eight characters of 81 accessions of common vetch and 64 accessions 
uf Hungarian vetch.
 

Character (a) Coar-n vetch Hunaarian vetch 
Range Mean SEI.+ CVi Range Mean S2+ CVI 

Seedling vigour 2-6 4.5 0.70 19 4-9 7.1 0.60 15 
Cold susceptibility 4-8 6.2 0.31 22 1-3 1.9 0.11 18 
Winter growth 3-8 6.4 0.51 17 1-5 2.9 0.31 22 
Spring growtn 2-7 6.9 0.33 20 4-8 7.5 0.70 13 
Leafiness 5-8 7.0 0.60 19 1-5 3.2 0.13 22 

Days to start 95-115 107 1.20 2.1 105-120 116 0.95 1.17
 
flowering
 
Days to 100% 110-139 122 1.70 1.8 115-126 120 i.01 2.01
 
flowering
 
Days to full 144-160 151 1.4 3.1 140-155 147 1.9 2.9
 
matur:t.y
 
Grain yield (kg/ha) 550-1900 1550 73 22 400-1600 1110 57 28
 

(a)On visual score where 1 = poor; 9 = very god and for cold susceptibility 1 = 

no damage; and 	9 = all plants killed by frost. 
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Figure 4.1.3. Cold tolerance 
reaction of different accessions of
 
various Lathyrus species. Rating scale: 1 = free from 
damage, 9 = killed because of frost. 

findiags ,vere the identification of genotyes of Vicia sativa with a 

high propoition of leaf retention in late spring, an inportant 

attribute in forage leguirkes, and cold tolerant genotypes of Vicia 

sativa and 16 genotypes of V. Panonica with rapid winter growth. 

A.M. Abd El -mnei 
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4.1.2. Preliminary Microplot Evaluation 

The study of variation in agronomic traits is of significant practical
 

value. It he] ps the breeder to establish a breeding progran with 

defined objectives, and of itself may result in the selection of 

improved lines. Objective selection for hcz-c'ze and seed yields and 

some aspects of nutritive value begins in microplot field trials in the 

year following gentplasm evaluation. 

In 1991/92 microplots of five Vicia SpD. and two Lathyrus s=. were 

planted in Tel Haaya in 3.5 n9 plots arranged in a triple lattice 

design. For all the species, seed rate was 100 kg/ha and fertilizers 

were applied at 40 kg P2 O/ha. These microplot experiments were in two 

sets. One was harvested at 100% flowering to determine the herbage 

yield and the other was harvested at maturity to measure seed and straw 

yields and other agroncmic traits. 

Ccamn vetch (V. sativa): Twenty five selections were tested at Tel 

Hadya. Herbage yield (EM) at 100% flowering varied from 1350 to 2249 

kg/ha, grain yield ranged from 2105 to 1602 kg'ha and harvest index 

from 30-39% (Table 4.1.2). Cemmon vetch was moderately affected by 

frost. Selections 2483 and 2606 showed better frost tolerance and high 

proportion of leaf retention than the check. 

Bitter vetch (V. ervilia): Sixteen selections of bitter vetch were 

tested at Tel Hadya. Herbage yield varied from 2732 to 3034 Kg/ha, 

grain yield from 1683 to 2220 kg/ha and harvest index fran 29 to 37% 

(Table 4.1.3). 
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Table 4.1.2. Herbage, biolclical and grain yields, har.,esr index (HI%)
and days to floweving and maturity for 25 selections of cxmmn vetch (J. sativa) in preliminary field trials at 
Tel Hadya.
 

Selecuion 
IFLVS 

Herbage 
yield 
(kg/ha) 

Biological 
yield 
(kg/ha) 

Grain 
yield 
(kg/ha) 

HI 
(%) 

Days to 
flowering maturity 

2483 
2484 
2485 
2486 

2011 
2249 
1924 
2032 

4727 
5795 
5594 
5278 

1682 
2004 
2105 
1878 

35 
34 
37 
35 

109 
114 
110 
114 

149 
151 
152 
153 

2487 
2488 
2489 
2490 

1723 
1F48 
1991 
1944 

5243 
5490 
5588 
5487 

1602 
1696 
1725 
1879 

30 
39 
31 
34 

114 
110 
113 
114 

151 
151 
151 
145 

2491 
2492 
2493 
2494 

1871 
1846 
1906 
1957 

5199 
5181 
5329 
5498 

1741 
1712 
1823 
1828 

33 
33 
34 
33 

ill 
113 
ill 
113 

152 
151 
150 
149 

2495 
2496 
497 

2498 

1916 
1937 
2047 
2036 

5569 
5019 
5726 
5204 

1817 
1809 
2058 
1675 

32 
36 
36 
32 

112 
112 
114 
108 

149 
151 
151 
153 

2499 
2500 
2501 
2502 

1350 
1783 
1947 
2066 

5360 
5688 
5182 
51.04 

1676 
1781 
1808 
1982 

31 
31 
34 
39 

114 
116 
112 
107 

154 
154 
149 
145 

2503 
2504 
2505 
2506 

1934 
1983 
2043 
2055 

5384 
5388 
5186 
5144 

1890 
2014 
1664 
1778 

35 
37 
32 
34 

113 
110 
108 
110 

152 
147 
146 
147 

2560 1845 5599 1869 33 115 154 

Mean 1930 5337 1820 34 112 151 

SEM+ 132 295 130 1.6 0.5 1.1 
LSD (P=0,05) 380 845 320 4.6 1.4 3.3 
CV (%) 12 10 12 6.4 0.7 1.3 
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Table 4.1.3. 	 Herbage, biological and grain yields, harvest index (HI%) 
and days to flowering and maturity for 16 selections of 
bitter vetch 	(v. ervilia) in preliminary yield trials at
 
Tel Hadya.
 

Selection Herbage Biological Grain HI Days to 
IFLVE yield yield yield (%) flowering maturity 

(kg/ha) (kg/ha) (kg/ha) 

2508 	 2823 5325 1830 34 114 149 
2509 	 2838 £523 1797 32 112 152
 
2510 	 2841 5302 1831 34 113 149
 

2511 	 2874 6392 2220 35 114 154 
2512 	 2921 5146 1686 32 113 152
 
2513 	 3024 5805 2045 32 11 151 

2514 	 2941 5668 1888 33 112 150
 
2515 	 2912 5150 1839 36 il 148
 
2516 	 2837 5337 1808 34 110 147 

2517 	 3000 5672 1873 33 113 153
 
2518 	 2923 5226 1943 37 108 146
 
2519 	 2732 5680 1683 29 115 156
 

2520 3087 5946 2071 35 114 155 
2521 2739 5775 1858 32 118 156 
2522 2920 5386 1911 35 112 147 

2563 3034 5897 1953 33 115 154
 

Mean 	 2903 5577 1889 34 113 151
 

SEM_ 159 313 146 0.9 0.6 0.7
 
LSD (P=0.05) 458 905 422 2.6 1.8 2.2
 

CV (%) 9 10 13 3.6 0.9 0.8 
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Table 4.1.4. Herbage, biological and grain yields, harvest index (HI%)
and da,- to flowerirg and maturity for 16 selections of 
Vicia hybrida in preliminary yield trials at Tel Hadya. 

Selection 
IFLVH 

Herbage Biolcgical 
yield yield 

Grain 
yield 

HI 
(%) 

Days to 
flowering maturit-. 

(kg/ha) (kg/ha) (kg/ha) 

2539 2072 3448 '04 20 102 152 
2540 1693 2466 494 20 104 154 
2541 2347 3285 730 22 105 354 

2542 
2543 

1786 
2479 

272-
3464 

471 
1035 

17 
29 

106 
.03 

157 
153 

2544 2434 3159 732 23 100 153 

2545 2204 3268 781 24 105 156 
2546 
2547 

2595 
2465 

4167 
3420 

1067 
731 

25 
21 

106 
106 

154 
156 

2548 1981 3402 592 17 102 157 
2549 2488 3706 946 22 104 154 
2550 2587 3833 880 23 106 154 

2551 2494 3063 641 21 105 154 
2552 2074 3293 553 16 107 159 
2553 2233 3266 652 20 107 156 

2554 2734 3764 787 21 105 :57 

Mean 2291 3374 736 22 104 155 

SE 4+ 131 238 96 1.4 0.5 0.8 
LSD (P=0.05) 387 688 283 4.2 1.5 2.2 

CV (%) 12 13 16 8.2 0.8 0.9 
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Broad-podded vetch (Vicia hybrida): Sixteen selections of V. hybrida 

were tested in Tel Hadya in microplot field trials (Table 4.1.4). 

Herbage yield varied from 1693 to 2734 kg/ha, whereas grain yields 

ranged from 471 to 1067 kg/ha and harvest index from 16 to 29%. V. 

hybrida is char-acterized by a prostrate compact growth habit and slow 

winter growth followed by rapid spring growth, and early flowering. 

This makes the species suitable for grazing. The low grain yield and 

harvest index was partly because of the large seed loss in harvesting 

due to the prostrate growth habit of this species. 

Palaestine vetch (Vicia palaestina): Sixteen selections were assessed 

in microplot field trials at Tel Hadya (Table 4.1.5). Herbage yield 

varied from 1530 to 2529 Kg/ha, whereas grain yield ranged from 147 to 

678 Kg/ha and harvest index from 5 to 21%. V. palaestina was severely
 

affected by frost because of its rapid winter growth.
 

Narbon vetcrh (Vicianarbonensis) : Twenty five selections were tested in 

Tel Hadya (Table 4.1.6). The total biological yield varied from 4442 to 

7561 kg/ha, grain yield from 1295 to 2827 kg/ha and harvest index fron 

29 to 40'. Narbon vetch showed cold tolerance with rapid winter growth, 

and it reached flowering and maturity 2-3 weeks earlier than other 

species. Harvest index was negatively correlated (r = -0.305, P<0.05) 

with days to flowering. These results indicate a clear need to continue 

search for early-maturing genotypes of naruwn vetch since it co.dd be 

util zed as a dual purpose crop for grain and straw in dry areas. Our 

observations showed that at seedling stage it was the species Most 

resistant to bird da.age among the vetches. Our observations also 

indicate that most of the genotypes flower and mature before the attack 

of brcomrape (Orobanche crenata Forsk).
 



207 

Table 4.1.5. Herbage, biological and grain yields, harvest index (%)
and days to flowering and maturity for 16 
selections of
Vicia palaestina in preliminary yield trials at Tel Hadya. 

Selection 
IFLVP 

Herbage Biological Grain 
Yield Yield Yield 

HI Days to 
(%) Flowering Maturity 

(Kg/ha) (Kg/ha) (Kg/ha) 

2523 
2524 
2525 

2030 
1660 
2094 

3277 
2705 
3422 

654 
392 
485 

18 
15 
14 

lod 
11 
112 

151 
151 
155 

2526 
2527 
2528 

2490 
2373 
2027 

3060 
3741 
3276 

458 
502 
626 

15 
13 
19 

109 
110 
110 

149 
152 
155 

2529 
2530 
2531 

2134 
2322 
2529 

3531 
3914 
3425 

598 
646 
671 

17 
1.6 
19 

110 
113 
109 

154 
155 
152 

2532 
2533 
2534 

1834 
2000 
1921 

3210 
3578 
3608 

276 
459 
501 

8 
12 
14 

112 
11 
113 

157 
153 
157 

2535 
2536 
2537 

1530 
2037 
2125 

2545 
3270 
3447 

147 
678 
417 

5 
21 
12 

115 
109 
ill 

157 
152 
153 

2538 1937 3674 281 10 113 155 

Grand Mean 2065 3311 487 15 i1 154 

SEWI+ 
LSD(P=0.05) 

134 
394 

271 
798 

127 
372 

2.4 
7.1 

0.4 
1.3 

0.9 
2.7 

CV(%) 14 15 20 13 0.7 1.0 
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Table 4.1.6. 	 Biological and grain yields, harvest index (HI%) and days 
to flowering and maturity for 25 new selections of V. 
narbonensis at Tel Ha!ya. 

Selection Biological Grain HI Days to 
IFLVN yield yield (9) flowering maturity 

(kg/ha) (kg/ha) 

2561 6270 2148 34 95 132
 

2367 6415 2220 35 101 141
 

2377 6360 2329 37 99 141
 

2378 5655 1691 29 101 140
 

2379 5443 1701 31 97 136
 

2381 5811 1948 33 98 136
 

2382 6510 2373 36 93 135
 
2384 5915 2185 40 94 136
 

2385 5453 1908 35 94 133
 
2386 5598 1965 35 93 131
 
2389 5421 1887 35 94 132
 

2394 5319 1694 32 97 135
 

2395 6490 2400 37 101 140 

2396 5527 1675 30 97 13b 

2397 7561 2827 37 101 140 
2398 5585 1753 31 99 137 

2460 5441 1871 34 97 134 

2463 5862 2018 34 98 139 

2482 5756 1882 32 96 133 

2597 5096 1624 32 98 135 

2598 5719 1964 34 101 143
 

2599 4442 1295 29 103 142
 

2600 5610 1702 30 99 137
 

2601 7531 2590 34 102 142
 

2602 5511 1703 30 97 140
 

Mean 5852 1976 33 98 137 

S_4± 505 232 1.1 0.7 1.2 

LSD (P=0.05) 1449 666 3.1 2.1 3.3 

CV (1) 15 16 4.4 1.1 1.3 
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Camn chicklinc (Lathyrus sativus): Sixteen selections of L. sativus 

were tested in Tel Hadya in microplot field trials (Table 4.1.7). 

Herbage yield varied from 1605 to 2906 kg/ha, whereas crain yields 

ranged from 1013 to 1828 kg/ha and harvest ind-x from 29-41%. L. 

sativus was moderttely affected by frost. 

Table 4.1.7. Herbage, biological and grain yields, harvest index (HI%)
and days to flowering and maturity for 16 selections of 
Lathyrus sat ivus at Tel Hadya. 

Selection Herbage Biological Grain HI Days to
IFLLS yield yield yield (%) f l ring maturity 

(kg/ha) (kg/ha) (kg/ha) 

587 2906 4457 1634 36 113 159 
553 1605 4171 1219 31 120 170
 
554 1813 4388 1322 29 118 171
 
556 2265 4133 1428 34 119 168
 

557 2251 4544 1813 41 113 159

558 2104 3417 1013 29 121 171

559 2053 41118 1402 119
32 170

560 2217 4316 1402 32 118 
 167
 

561 2168 4548 1581 35 118 166
 
562 2611 4251 1611 38 115 160

563 
 2130 3882 1318 34 116 167

564 2037 3516 1124 
 31 120 170
 

565 2417 5104 1828 
 36 117 165

566 2270 4514 1592 35 115 160
 
567 2889 4704 1825 38 116 161
 
568 2213 4315 1367 11.7
33 166
 

Mean 2265 4274 1467 117
34 166
 

SE1+ 217 368 
 179 1.6 0.5 0.8
LSD (P=0.05) 638 1062 516 4.8 1.6 2.4
 

CV (%) 16 15 21 8.3 0.8 0.8
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Dwarf chicklin (Lath s cicera): Nine selections were tested in 

microplot field trials Tel Hadya (Table 4.1.8). Herbage yield varied 

from 2235-2896 kg/ha, whereas grain yields ranged from 1185 to 1916 

kg/ha and harvest index from 32 to 46%. In contrast to L. sativus, L. 

cicera ij a cold tolerant species. These results indicate the clear 

need to collect and evaluate native genotypes of L. cicera which might 

show desirable attributes of cold and drought tolerance as well as 

early winter and spring growth. 

Table 4.1.8. Herbage, biological and grain yields, harvest index (%) 
and days to flowering and maturity for 9 selections of 
Lathyrus cicera at Tel Hadya.
 

Selection Herbage Biological Grain HI Days to 
IFLLS yield yield yield (%) flowering maturity 

(kg/ha) (kg/ha) (kg/ha) 

501 2286 3693 1527 41 117 157
 
569 2370 3670 1185 32 115 160
 
570 2623 3778 1592 42 115 156
 
571 2593 3759 1577 43 115 155
 
572 2536 q193 1916 46 114 154
 

573 2642 '1058 1832 44 113 153 
574 2235 4272 1646 38 119 159 
575 2688 4308 ]85]1 43 115 154 
576 2896 3734 1626 44 114 153 

Mean 2541 3940 1639 41 115 156
 

$_M+ 189 208 120 1.2 0.4 1.4
 
LSD (P=0.05) 597 655 360 3.5 1.4 4.1
 

CV (%) 13 9 13 4.9 0.7 1.5
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Table 4.1.9. is a summary of the results of microplots in 1991/92. 

As the forage legume species can be used for grazing during winter, 

harvested for hay in spring or harvested for grain and straw at 

maturity one can see how the various species will fit into farming 

7 


S6- 5.577 5.852
 
,= 5.337 

-5. 
4.274 

3.94 
. 3.425 	 3.374 3.311 

2
 

0 	 .7 

0 GRAIN 

v B STRAW 

Figure 4.1.4. 	Overall mean yield of different forage legune species at 
Tel Hadya, 1991/92. 

systems. The high harvest index and yield levels of V. narbonensis, V. 

ervilia, L. cicera and L. sativus suggest that they can -e used for 

straw and grain. V. sativa would be reccuinnded for hay, straw and 

grain production, whereas V. hybrici and V. priaestina and V. villosa 

ssp. dasycarpa would be- suitable for grazing because of their low 

harvest index and grain yield (Figure 4.1.4). 

A.M. Abd El Mneim 



Table 4.1.9. Variation in major attributes of seven feed legurer species evaluated in microplot 
field trials at Tel Hadya. 

Species Cold Winter Days to Herbage Biological Grain HI 
susceptibility' growth2 flowering maturity yield yield yield (%) 

(kg/ha) (kg/ha) (kg/ha) 

Vicia sativa 4 - 8 
 5 - 8 107-116 45-154 1350-2249 4727-5795 1602-2105 30-39
 

V. ervilia 
 2 - 4 2 - 6 108-118 146-156 2732-3034 5146-6392 1683-2220 29-37 

V. hybrida 2 - 6 1  3 100-107 152-159 1693-2734 2466-4167 471-1067 16-29
 

V. oalaestina 4 - 8 2 - 6 108-115 149-157 1530-2529 2545-3914 147-678 5-21 

V. narbonensis 2 - 4 6 - 8 93-103 131-143 - 4442-7561 1295-2827 2)-Q 

Lathvr-us sativus 4 - 8 4 - 7 113-121 159-171 1605-2906 3417-5104 1013-1828 29-41 

L. cicera 
 2 - 4 5 - 8 113-119 153-160 2235-2896 3670-4308 1185-1916 32-46 

(a) On visual score, where 1 = no damage; 9 = all plants killed by frost
(2) On visual score, where 1 = very slow growth; 9 = rapid growth during January - February 
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4.1.3. Advanced Yield Trials
 

Promising lines of wooly-pod vetch were tested 
 at Tel Hadya, and 

promising lines of commDn chickling, dwarf chickling and ochrus 

chickling were evaluated at Tel Kadya and Breda. 

Advanced yield trials of wooly-pod vetch: Sixteen lines were tested at 

Tel Hadya. There were differences in herbage yield, biological yield 

and harvest index. Herbage yield varied from 2297 to 2835 kg/ha and 

seed yield fram 263 to 442 kg/ha (Table 4.1.10). Harvest index was very 

low (8-13%). Generally, seed production is low in this species because 

of late flowering and high flower abortion due to high temperature. 

Seed yield was negatively correlated (r = -0.640, P-0.01) with days to 

100% flowering, but there was no association (r = 0.108) between 

herbage yield and days to 100% flowering. Wooly-pod vetch is a frost 

tolerant species and it is also resistant to broomrape (Orobanche 

crenata Forsk) . Developing early flowering and early maturing varieties 

with flowering and podding occurring on early formed nodes may result 

in increased seed yield.
 

Advanced yield trials of narbcn vetch: Promising lines of narbon vetch 

were assessed at Tel Hacya and Breda. Biological and grain yields and 

harvest index were measured at beth sites (Table 4.1.11). Yields were 

greater at Tel Hadra than at Breda, the respective mean biological 

yields being 5358 and 3225 kg/ha, and the mean grain yield 2052 and 

1282 kg/ha. In contrast, harvest index was greater at Breda than at Tel 

Hadya (40 vs. 38%). 
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Table 4.1.10. 	 Herbage yield at 100% flowering, biological and grain 
yields and harvest index for 16 promising lines of 
wooly-pod vetch (V. villosa ssp. dasycarpa) in advanced 
yield trials at Tel Hadya.
 

Lines Herbage Biological Grain Harvest
 
IFLW yield yield yield index
 

(kg/ha) (kg/ha) (kg/ha) (%) 

2562 2428 3357 426 13
 
2424 2370 3270 350 10 
2431 2297 3487 420 12
 

2437 2443 3430 419 12
 
2438 	 2528 31.72 263 8 
2439 	 2835 3587 375 10 

2441 2468 3574 442 12
 
2442 2569 3449 412 12
 
2445 2508 3433 387 11 

2446 2380 3168 322 10
 
2450 2366 3430 408 12
 
2451 2420 3570 429 12
 

2454 2512 3592 433 12
 
2455 2502 3462 411 12
 
2456 2382 3391 348 10
 

2457 2581 3434 401 11
 

Mean 2474 3425 394 11
 

SEN+ 138 121 30 2.5
 
LSD(P=0.05) 407 357 89 7.1
 

CV(%) 10 6 18 14
 

http:LSD(P=0.05


215 

Table 4.1.11. 	 Biological and grain yields and harvest index (HI%) of 
25 promising lines of narbon vetch (V. narbnensis) 
grown at 	Tel Hadya (TH) and Breda (B) in advanced yield
trials. 

Lines Tel Hadya 
 Breda

IFLVN 	 Biological Grain HI Biological Grain HI
 

yield yield (%) yield yield (%)
 

(kg/ha) (kg/ha) (kg/ha. (kg/ha) 

2561 6267 205C 36 3129 1322 42

2380 5024 2159 42 
 2926 1276 43

2383 5956 2254 38 3492 1497 
 43
 
2387 4956 2212 44 2664 1247 47

2388 5164 1941 37 2794 
 1133 41
 

2390 4702 1747 37 3204 
 1225 	 38

2391 4615 1698 
 35 3735 1124 41

2392 5663 2243 39 2982 1257 42

2393 5131 43
2169 
 2958 1204 41

2461 5477 
 2064 38 3789 1447 38
 

2.-2 5493 39
2159 	 3340 1253 37
2464 5647 1695 37 2937 975 33

2465 5204 1915 37 3682 
 1265 35

2466 5117 
 1893 37 3201 1169 36

2467 5177 2032 39 3632 1434 39
 

2468 5918 
 1934 
 33 3895 1133 39
 
2469 5159 2100 40 
 3302 1348 41

2470 5590 2105 38 3559 1322 37

2471 5535 2094 37 
 3616 1366 38

2473 5415 2077 39 3648 1430 39
 

2474 5899 2297 39 
 3181 1295 41

2475 4721 
 2057 42 31C0 1348 43

2476 4827 1933 40 3326 1329 40
 
2177 5507 43
2364 
 3382 1473 44
 
2478 5791 
 2129 37 3160 1154 36
 

Mean 5358 2052 38 3225 1282 40
 

SM_+ 288 149 1.8 209 
 103 1.5
 
LSD(P=0,05) 826 127 
 5.2 595 
 293 4.1 
CV(%) 12 13 8 11 614 
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Advanced yield trials in cccrmn chickling: Sixteen promising lines 

were tested. Herbage yield varied fron 1972 to 2587 Kg/ha and fron 1380 

to 1810 kg/ha at Tel Hadya and Breda, respectively (Table 4.1.12). 

Yields were greater at Tel Hadya than at Breda. Harvest index varied 

from 33 to 42% and fron 34 to 53% at Tel Hadya and Bred-i, respectively. 

Common chickling lines were noderately affected by frost at both sites. 

Advanced yield trials of dwarf chickling: Sixteen prcmis-'-ng lines were 

tested. At Tel Hadya the herbage yield varied fran 1735 to 2033 kg/ha, 

and at. Breda frca 1474 to 1980 kg/ha (Table 4.1.13) . At nmturity, the 

grain yield varied fracn 1242 to 1784 kg/iha and fran 886 to 1248 kg/hai 

at Tel Hadya and Breda , respectively. At Brecna, dwarf chickling 

prloduced Inre seed and straw tlh< comin chickling, because of better 

and dcought tolerance and early flowering. 

Advanced yield trials of ochrus chickling: Sixteen pronising lines of 

ochrus chick] inq were tested at Te[ Hadya and Breda (Table 4.1 .14). The 

total bio.ogical yield varied fron 1424 to 2279 kg/ha at Tel Hadya and, 

from 1898 to 3256 kg/ha at Breda. At imturity, the grain yield ranged 

fran 504 to 925 kg/ha and from 558 to 882 kg/ha atL Tel Hadya and Breda 

respectively. it produced nyure straw and g-ain at BredA tLhan at Tel 
Hadya. Ochis chicklinc is es isttai. to OroLbanche c[rnat, and is early 

flowering. it is an ideal ieqgim: for OroLaniche infested areas. The 

nmjor constaint is its sensitiAvi.ty to frost sPel]s du-ing winter. 

Developi.g frost tolerart varieties may result in increased 

productivity. 

http:sensitiAvi.ty
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Table 4.1.12. Herage, biolcgical ar grain yields and jarzest jn _x (HI %)
of 16 prumising lines of cnmrn chicklirn (LtvIdeaiv 
grc'n at Tel Hadya and Rrera in advancmi yield trials. 

Lines Tel Hadva BredaI8LLS Heibage Biolcgiral Grain HI Herbge BioIcqical Grain H-I
yield yield yield (%) yield yield yield (%) 

(kg/ha) (kg/ha) (kg/ha) (kg/1a) (kgvi0 ) (kq/ha) 

587 
504 
505 

2455 
2113 
2163 

3463 
3855 
3375 

1324 
1628 
1259 

38 
42 
37 

1718 
1493 
1514 

2550 
2698 
2362 

927 
1139 
1156 

36 
42 
48 

508 
510 
516 

2485 
2280 
2039 

4133 
3371 
3221 

1724 
1800 
1183 

41 
41 
36 

1739 
1.526 
1427 

2893 
2359 
2254 

1206 
1260 
828 

41 
53 
36 

5h) 
520 
522 

2272 
2285 
2161 

4327 
3596 
3499 

1722 
1358 
1345 

40 
37 
38 

1590 
1599 
1512 

3028 
2517 
2449 

1205 
950 
941 

39 
37 
38 

527 
528 
529 

2272 
2413 
2543 

4013 
3424 
3607 

1653 
1.251 
1457? 

41 
36 
40 

1590 
1689 
1780 

2809 
2396 
2524 

1157 
876 
1019 

41 
36 
40 

530 
531 
533 

2196 
2465 
1972 . 

3626 
3270 
3944 

1409 
1257 
1621 

39 
38 
41 

1537 
1725 
1380 

2538 
2289 
2760 

986 
879 
1134 

38 
38 
41 

535 2587 4184 2436 33 1810 2928 1005 34 

Nban 2287 3744 1464 39 1601 2584 950 37 

SM+_ 
LSD(P=0.05) 

163 
470 

346 
999 

173 
499 

1.5 
4.4 

85 
250 

206 
606 

75 
216 

3.2 
9.4 

CV(1) 12 16 20 7 17 15 14 15 
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Table 4.1.13. 	 Herbag, biological and grain yields and haIvest index (HI %) 
of 16 preising lines of Darf chickling (T-yi cicera) 
gron at Tel Hadya and Breda in advanced yield trials. 

Lines Tel Hadya Prd3a 
IFLLS Herbage Biological Grain HI Herbage Biological Grain HI 

yield yield yield %) yield yield yield (%) 

(kg/ha) (kg/ha) (kg/ha) (kg/ha) (kg/ha) (kg/ha) 

501 '958 3818 1586 41 1579 3054 11')9 38 
486 1779 4339 1698 39 1512 3471 1188 34 
487 1937 3954 1669 42 1646 3163 1168 36 

488 1943 3333 1242 37 2651 2666 9i 34 
489 1949 4384 1784 41 1656 3507 1248 35 
490 1843 3889 1673 43 1569 3111 1087 35 

491 1965 3478 1407 40 1670 2782 984 33 
492 1735 3452 1267 37 1474 2761 886 32 

493 2033 3566 1508 42 1980 2852 1055 37 

494 1904 3850 1481 38 1618 3080 1036 33 
495 1862 3923 1511 39 1582 3138 1057 33 
496 1840 3620 1.545 42 1564 2608 1081 39 

497 1868 3368 1407 42 1587 2694 984 36 
498 1871 4135 1629 40 1590 3308 1140 34 
499 1843 3676 1507 41 1566 2940 1054 36 

500 1931 4318 1707 40 1641 3454 1229 35 

Mean 1885 3819 1539 40 1S81 3036 1082 33 

SEW4_ 98 199 116 1.6 (1 130 54 1.5 
LsD(P=-0.05) 290 584 343 4.6 1l 377 158 4.5 

CV(%) 9 11 15 7 12 14 9 6 
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Table 4.1.14. Biological and grain yields and harvest index of 16
promising lines of ochrus chickling (athyvius ochrus)grown at Tel Hadya and Breda in advanced yield trials. 

Lines Tel Hadva BredaIFLIO Biological Grain III Biological Grain HI
yield yield (%) yield yield (%) 

(kg/ha) (kg/ha) (kg/ha) (kg/ha) 

104 
185 

2145 
2199 

752 
785 

33 
35 

2929 
2583 

851 
672 

30 
27 

537 
538 

2279 
2098 

925 
846 

40 
41 

2614 
2982 

876 
882 

33 
30 

539 
540 

2164 
2142 

844 
821 

38 
39 

2521 
2831 

863 
867 

34 
30 

541 
542 

2158 
1892 

869 
799 

40 
40 

3256 
2533 

821 
868 

26 
35 

543 
545 

1833 
1424 

750 
504 

40 
34 

1898 
2940 

691 
859 

39 
30 

546 
547 

1525 
1808 

520 
580 

32 
31 

2151 
1976 

687 
558 

30 
28 

548 
549 

2151 
1753 

716 
551 

32 
31 

2530 
2449 

714 
694 

27 
30 

550 1929 562 29 2536 676 26 
551 1973 595 30 2364 766 33 

Mean 1967 714 35 2568 772 30 

SE + 169 
LSD(P=0.05) 498 

89 
261 

2.3 
6.7 

207 
609 

48 
138 

3.4 
9.8 

CV(%) 15 21 11 14 11 19 
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Table 4.1.15 is a summary Df advanced yield trials conducted at Tel 

Hadya an&l Breda in 1991/92. Cchrus chickling is tie tcst. susceptible 

species t rost damage, but hecause of its drought toler-uice its grain 

Table 4.1.15. Average of major attributes of four feed legLuen species 
at Tel Hadya and Breda in advanced yield trials.
 

Attributes 	 Narbon Ccorona Dwarf Ochus 
vetch chickl ing chickling chickling 

Tel Hadya
 

Frost effecti 1.5 3.0 1.5 3.5
 

Days to maturity 136 148 140 132
 

Total biological
 
yield (kg/ha) 5358 3744 3819 1967 

Grain yield 2052 1464 1539 752 

(kg/ha) 

Harvest Index () 38 39 40 33 

Breda 

Frost effect 1.0 3.5 2 3.5 

Days to maturity 132 140 130 120 

Tbtal biolcqical 
yield (kg/ha) 3225 2584 3036 2568 

Grain yield 1282 950 1082 851 

Harvest index (1) 40 37 33 10 

-n no damage; = nearly killed by frost, 

nO recove'P . 

0 visual score where I - 5 	 atnd 

yield is more at Breda than at Tel Hadya. It-is recarimended for mild 

winter areas until new genotypes with frost tolerance are available. 
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Dwarf chickling and coamon chickling produced more biological and grain 

yields at both sites and they are rec nmended for producing grain and 

straw in chy areas. Under Breda conditions, narbon vetch produced 1282 

kg/ha grain and 19,13 kg/ha straw. TIhese characters make it a suitable 

crop for producing winter stocks of straw and grain to feed sheep. In 

dry areas, when soil moisture is low because of large seed size and can 

thus establish better than other species. its straw is nutritious 

because it does not lose its leaves following frost.
 

A.M. Abd El Mcneim and Mark Ratinam 

4.1.4. Evaluaticn for Antinutritional Substances
 

Chicklings (Lathyrus spiD.) and narbon vetch (Vicia narboneisis) have 

high yield potential in areas with less than 350 cim rainfall. L. 

sativus is particularly adapted to droughty conditionls. It represents 

the major coponent of human diets in tins of thought induced famine 

in Asia and East Africa. (One of the drambacks of L. sativus, hovever, 

is that its excessive constmption causes "Lathyrism', a nervous 

disorder resulting in incurable paralysis of lcwer l imbs. lathyrisil in
 

human beings and dc]restic animal is caused by 
 the presence of a free
 

amino-acid known 
as B-(N) oxalyl-acino-L-alanine (BOAA) in the seed. 

In 1988/89, procisinq genotypes of L. satiwus, L. cicera and L. 

ochnj-s were screened for BOA content in seeds in collabeoration with 

Grain Research laberatory of Winnipeg, Ma1nitoba, Canada, using NIR 

method. Sci qenot yps w-.- f,,:,nd to contain very low levels of BOAA
 

(100-350 p(g/1 1;'es), 
 ill ccccri scr witIc others that had very high 

conce t rat ion. Th._ id,-rnti cat-irn of)f ]I s cnneal y /fore frotln ]YjAA 
encouraqed ris to c rt t rt- Oct ccc r irc' pc C, IYii i Celk]harat loclwith 

PFLP, and to est-abishi bieeding projlc-an fo developing ntritionally 
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safe Lathyrus spp. In 1991/92, 36 lines of L. sativus, 16 of L. cicera 

and 16 of L. ochrus, were analysed for crude protein (CP), neurotoxin 

BOAA, and protein precipitable tannin (PFT) content, catechin 

equivalents (CE) and trypsin inhibitor activity (TIA). BOAA was 

determined spectrophotoetrica] ly using the 0. phthaldehyde fluorescent 

dye (Rao, 1978) as modi.fied by Briggs et al. (1983). The PPT content 

was determined by the method of Hagennan and Butler 10RI, CE was 

determined by Burns' (1971) method as modified by Price and Butler 

(1977). TIA was assayed using the procedure of Snith et al. (1980). 

The species with highest and lowest CP were L. cicera (295.4 + 

18.69 g/kg seed) and L. sativus (325.0 + 13.40 g/kg seed), respectively 

(Table 4.1.16 & 4.1.17). BOAA was least in L. cicera (1.26 ± 0.18 g/kg 

seed) and highest in L. sativus (5.63 + 0.43 g/kg seed. Variation in 

BOAA content in L. sativus and L. cicera is higher than in L. ochrus. 

On the average, BOAA levels in L. ochius (Table 4.1.18) and L. sativus 

(Table 4.1.16) were about 4-5 times higher than those in L. cicera 

(Table 4.1.17). The PP' levels in L. sativus (4.54 + 0.31 g/kg seed) 

was similar to that in the other two species. However, there were some 

lines in all species without detectable PPT. Catechin equivalent (CE)
 

which detects simple flavonoids as well as condensed uannins was no 

more than 6.10 g/kg seed (Table 4.1.17) except for L. ochrus (Table 

4.1.18) in which CE ranged from 14.07 g/kg in IFIO 104 to 28.50 g/kg 

seed in iFiLO 545. There were high variations in CE between and within 

wasspecies. Mean TIA in all L. sativus lines (18.6 ± 2.38 g/kg seed) 

nearly similar to that of L. ochrus and twice the levels in L. cicei i. 
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Table 4.1.16. Crude protein and anti-nutritional constituents 
(g/kg
 
seed) in for 36 lines of L. sativus
 

Line 
 CP PPT CE 
 TIA BOAA
 
IFLLS
 

521 305.81 nd' 
 3.31 21.28 5.60
536 282.16 
 nd 5.50 18.25 4.83
588 299.70 nd 
 3.86 16.82 5.39
63 308.30 nd 
 0.83 23.22 
 5.50
311 310.50 nd 
 2.76 22.65 5.86

303.18
431 nd 2.21 19.16 4.49
 

433 313.02 
 nd 2.20 19.43 5.29
434 
 313.33 
 nd 1.10 20.28 5.90
435 309.94 nd 
 0.28 18.58 4.99
443 283.02 nd 
 0.55 19.42 
 4.99
450 309.17 
 nd 1.93 17.72 5.91
453 302.75 nd 
 0.88 17.41 5.40
 

454 288.68 
 nd 1.65 15.06 
 4.47
455 300.30 nd 
 1.65 15.96 3.41
462 290.81 
 nd 0.28 15.07 4.52
475 280.53 nd 
 0.27 13.88 4.36
483 291.98 nd nd 
 16.54 3.97
502 296.90 
 nd 2.76 16.84 3.26
 

314.36
514 nd 3.31 18.29 4.69
524 313.04 nd 
 3.04 17.45 5.30
587 295.27 
 nd 2.74 10.60 
 3.60
504 337.29 4.35 
 3.29 18.42 5.07
505 
 340.84 4.43 2.75 
 18.70 4.97
508 329.31 
 4.86 1.92 18.88 5.07
 

510 
 318.67 4.17 2.47 
 17.73 
 3.75
516 338.32 4.35 
 2.75 17.19 4.72
519 
 339.07 4.59 
 2.19 18.17 
 5.77
520 321.46 5.17 4.66 
 15.27 4.56
522 330.04 4.17 2.74 
 14.14 5.06
527 346.04 
 4.95 4.12 
 14.46 5.27
 

528 320.20 
 4.86 3.57 
 13.86 4.76
529 321.35 
 4.43 3.02 13.88 4.72
530 306.07 4.27 
 3.02 12.15 5.89
531 328.61 4.78 2.47 
 13.59 4.92
533 315.13 4.59 
 3.02 11.55 5.26
535 312.12 4.17 
 0.82 14.15 4.20 

Mean 324.99 4.54 2.85 15.17 4.85
 

$M_+ 13.40 0.31 0.84 
 2.60 0.60
 
CV(%) 4.12 
 6.80 29.63 
 17.13 12.37
 

1 = not detected
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Table 4.1.17. Crude protein and anti-nutritional constituents (g/kg 
seed) of L. cicera seeds 

Line CP PpP CE TIA BOAA 
IFLLC 

501 337.46 ,,dl 5.21 6.64 1.06 
486 275.78 4.29 4.70 10.18 1.17 
487 293.73 nd 3.04 6.98 1.12 

488 311.98 nd 3.59 8.43 1.48 
489 283.62 nd 3.04 10.18 1.33 
490 264.73 nd 3.03 10.74 1.07 

491 292.98 nd 4.68 10.73 1.27 
492 299.09 nd 3.30 8.10 1.63 

493 301.15 nd 3.59 8.12 1.37 

494 298.64 4.47 4.96 8.71 1.19 
495 293.94 4.30 3.60 8.15 1.48 

496 320.94 nd 4.70 8.14 1.43 

497 277.16 nd 6.10 9.63 1.33 
498 274.27 nd 3.05 9.33 1.13 
499 284.13 nd 4.16 8.46 0.92 

500 316.6S, nd 3.05 7.29 1.23 

Mean 295.39 4.35 3.99 8.74 1.26 

S M+ 18.69 0.03 0.93 1.24 0.18 

CV(%) 6.33 0.80 23.33 14.17 14.32 

1 = not detected 
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Table 4.1.18. Crude protein and anti-nutritional constituents (g/kg 
seed) of L. mhr1S seCCS 

Line CP PPL CE TIA BOAA 
IFLLO 

185 
537 
538 

292.10 
313.23 
281.29 

4.20 
4.20 
4.29 

21.28 
18.51 
27.07 

14.26 
14.83 
15.70 

5.10 
5.61 
5.20 

539 
540 
541 

293.97 
304.74 
315.90 

4.54 
4.20 
0.00 

15.75 
11.41 
17.14 

14.84 
15.42 
17.46 

6.12 
5.51 
6.23 

542 
543 
545 

286.50 
316.30 
290.17 

4.12 
4.20 
5.26 

22.12 
14.38 
28.50 

15.43 
13.97 
13.69 

4.80 
6.33 
5.11 

546 
547 
548 

311.82 
301.72 
307.17 

4.38 
4.46 
4.46 

18.79 
23.24 
21.59 

12.80 
10.78 
13.40 

6.12 
5.62 
5.52 

549 
550 
551 

294.50 
309.44 
299.49 

4.38 
4.20 
5.22 

25.45 
19.91 
24.88 

16.31 
12.22 
14.55 

5.41 
5.72 
5.51 

104 320.31 4.37 14.0"7 15.11 6.22 

Mean 302.42 4.15 20.63 14.42 5.63 

SENv1+ 11.39 0.34 4.27 1.58 0.45 

CV(%) 3.77 7.62 20.70 10.93 7.93 

1 = not detected 
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Seed weight was significantly correlated (r = -0.50, P=0.05) with CE 

and (r = -0.58, P=0.05) with TIA, in L. sativus, and also in Lathyrus 

ochrus Cr - -0.52 and --0.54, respectively, P=0.05). The CP correlated 

significantly (P=0.01) with TIA in hth L. sativus and L. rlcera, with 

respective r values of 0.70 and -0.75.
 

A.M. Abd El Moneeim and V. Alitor 

4.1.5. Genetic Inprovdment 

4.1.5.1. 	 Breeding cammon vetch for non-shattering pod (seed retention) 

-aracter 

Fodshat.tering is comxnn in V. sat iva and it restricts the use of this 

legur_ for producing feed. Our screening program for non-shattering 

characteristic indicated the existence of wide variation for this trait 

,mong ccItn vetch gerwplasmn collected frcn different places. 'Tree 

wild accessions with almst corpletely non-shttering pod habit were 

identified and isolated for use as genetic resources in the breeding 

program.
 

Genetic studies revealed that the non-shattering trait is 

conditioned by a single recessive gene. Incorporation of non

shattering gene into agroncmically pronising lines was achieved by 

backcrossing, SeIect-ion was done in hack ross 1 (BCI) to BC5 for non

shattering pods, erect_ plant- typei and early flomring. Five superior 

families' IVVS (NS, 2155, 2558, 2507, 2014 and 1448) were selected 

having 95- 97% ns shat t.orinsqpxsrpj.sed as t 0 40 15% in the or gina] 

cult ivated lines. 'I1,, part icol ba.1Cef it:; -f developirig non shaittering 

lines include ii.'eams-' grain yiOld, iduc-d piobClem of voluntce rs in 

the subsegenr_ _ iIToved opV)rt unit.y nr-charicalr~tea C crop)s, O 	 foi 

harvesting and increased flexibility in the tim r)f arvfest. 
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4.1.5.2. Studies mn the hybrids between V. sativa asp. sativa and V. 

sativa asp. anXphcarpa 

Results ot the last three years indicated that the ability of V. sativa 

ssp. amwhicarpa to produce both aerial and underground pods increases 

its winter hardiness, drought tolerance and persistence under heavy 

grazing. The disadvantages of currently available underground vetch, 

limiting its utilization, are the low rate of vegetative growth, 

shattering of the above ground pods and the dependence of amphicarpy on 

edaphic conditions. In contrast, the ccamrno vetch V. sativa ssp. sativa 

grows well under fav3urable conditions but is not cold or drought 

tolerant and there are some promising lines with non-shattering pods. 

To increase the productivity of underground vetch and to irrprove 

the drought and cold tolerance of cormion vetch, work was initiated in 

1989/90 to combine the desirable characters fra the two sub-species. 

Crosses were mde between V. sativa ssp. arnmhicampa selections 2416 and 

2660 originating fram 'Turkey and two non-shattering selections of V. 

sativa ssp. sativa (IFLVS 2558 and 1448). Gene markers such as colour 

of pod, seed, flower and straw were used to eliminate selfed plants. 

The high vigour was clearly observed in the F1 plants grown in 1990/91. 

The F1 plants had a range from 1 to 6 underground pods/plant. A total 

of 670 F2 plants were grown in 1991/92. They segregated to five 

classes, 42 plants carrying 1-3 pods/plant, 159 plants with 4-6 

pods/plant, 251 plants with 7-9 pds/plaait, 182 plants with 10-12 

pods/plant and 36 plants with 12-14 pods/plant. The plants 4n the first 

two classes were more vigorous, like V. sat iva, md haLd cold and 

drought tolerance like V. armhicar-pa. The plants in the other three 

classes, having more underground pods, were not as vigorous as Vicia 

sativa ssp. sativa but were better than the original arrphicarpous 
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types. F3 lines frcrn F2 single plants from each class were selected for 

further tests in 1)92/93.
 

4.1.5.3. Improving nutritional quality of Lathrru sativus by breeding 

We are aiming to develop plcmising lines of L. sativus with 1cw or zero 

BOAA content and high yield. So far, litt le work [1 is h1?en done to 

dete nine the genet.ic architectnlre of the neurotoxin PX)AA. Having 

identified low BOAA c:ontent (18 to 316 /q/g seedos; ]ines in a breeding 

program to study the enetics of inheritance this to:.:i n in L. sativus. 

The hybridization werk was Wi ti ated in 1990/91 for i ncotyKn-at:n 

the character of low neurotoxii frcm fou lines (testers) into 21 

lines. Crosses were mad- 1-tween each tester and the 21 l ines traking 84 

crosses. Geane nrarkers such as f lower colour, seed colour/ and stecm 

colour were used to .,- iminateo DI-A wuich might have developod from 

selfing uandto ider.tify F1 hybrids. Natually self-7ollinated rxlis frcn 

parents and F1 hyl-rids were harvested in .;1UiTnr of 1992. In 1992/93, 

-parents, Fi and F2 will L grcm to study the genetic bLhaviour of the 

BOAA contert -- asscx-iated morpholcgical characters.and -le 

A.M. Abd El Mcneim and M. Ratinam 

4.2. Crop Physiology 

4.2.1. Chlorophyll Fluorescence Kinetics as Indicator of Frost 

Tolerance
 

Cold tolerance is a major r-_.tirement for introducing feed legune 

species in M diiur. to high altitude regions in West Asi.a and North 

Africa. The technoique of estimating cold or chilling tolerance using 

the chlorcphyll fluorescence kinetics in chilled leaves would have 

http:genet.ic
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applications in both physiological studies and in breeding prcgrants for 

the r;election of frost and cold tolerant citivars. This niethd has 

advantage over the traditionally employed nethods in that it: is non

destructive to plant and is quick (it takes only a few seconds to 

record the chlorophyll fluorescence in vivo of each leaf sample).
 

In prelimiinary study, seedlings of eight selections of Lathvnis
 

ochrus and one selection each of Vicia sativa and V. ervlllia 
were
 

establishment both 
uder field condition, and under controlled
 

conditions in the plastic house (220C day/15o night tenrgX~rature and 70% 

relative humidity). Under field conditions the plants got gradually 

exposed to cold and during the period 9 Feb to 11 Feb 199 they were
 

subjected to natural frost: (nininn terilerature fitr -6.2 to -4.00 C) 

for three days. This permitLed hardening of the test seedlings growing 

in the open. Those plants kept in plastic house did not get this 

natural hardening. Seedlings at 4-5 leaf stage frn each group were 

suhbjected to a freezing temperature of -10 0 C for fou: hours in a growth 

chamner in the dark to give frost stress. Thus three treatment 

combinations vkre obtained: T, = not hardened, and not stressed; T? = 

not hirdened but stressed; T = hardened and stressed. Plants frcm all 

these three treatments mere then kept for hald an hout under clark at 

00 C and thereafter the rates of fluorescence emission were n-aasured on 

the fully developed excised leaf from each plant using SF31 Fluorimeter 

(Richard Brancher Ltd., Ottawa, Gnada).
 

The initial (0), the intennediary (1), the peak (P) and the 

terminal (T), values of fluorescence emission were recorded in each 

case, as shown for two contrasting forage legTmes - _Laut s cohrus 

(frost susceptible) and Vicia ervilia (frost tolerant) - in Figure 
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4.2.1. Their relationship with the observed replicated field scores
 

for frost damage during 1989/90 and 1991/92 winter seasons (Table
 

4.2.1) were estimated by correlation and regression analysis (Table 

4.2.2). 

Table 4.2.1. 	 The scores for frost damage observed during the two 
coldest seasons (1989/90 & 1991/92) for the various 
genotypes used in tho chlorophyll fluorescence 
experiment.
 

Scores for damage observed during 1989/90 
Crop & & 1991/92 winters
 
Accession/Sel No. Frostca)  Frost
 

1989/90 1991/92
 

L. ochnis 
101/185 	 4.5 3.6
 
84/537 4.5 3.6
 

91/538 4.5 3.6
 
95/540 4.5 4.3
 

100/541 4.5 3.0
 
103/543 4.5 4.3
 

503/546 4.5 3.6
 
506/548 4.5 3.0
 

V. sativa
 
2541/2560 2.5 1.0
 

V. ervilia
 
2542/2563 1.5 1.0
 

# A 1-5 scale was used, 1 = tolerant and 5 = susceptible and the values 
represent an average of 3 replicates (a) Scored after exposure to 
temperatures below 0°C. 
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Table 4.2.2. Correlation of various parameters with scores for frost 
damages during the winter of 1989/90 and 1991/92.
 

Treatment Parameters Correlation with score for
 
frost damage frost damage 

1989/90 1991/92
 

Not hardened, not stressed 0 0.949** 0.894*** 
P 0.875*** 0.856**
 
T 0.800** 0.766**
 
I 0.867** 0.837**
 

Not hardened, but stressed 
 0 0.001 0.151 
P 0.103 0.287 
T 0.195 0.359 
I -0.060 0.139 

Hardened and stressed 
 0 -0.412 -0.441 
P -0.647* -0.653* 
T -0.376 -0.442 
I -0.657* -0.658* 

Significantly high and positive correlations were observed between 

varilis parameters of chlorophyll fluorescence and frost damage noticed 

during toe 1989/90 and 1991/92 seasons when florescence was measured on 

unhardened and unstressed plants. The correlations were smaller and 

negative when various parameters were measured on hardened and stressed 

plants. There was no correlation of parameters measured on not 

hardened but stressed plants with frost damage score. Multiple 

regression analysis using data for tuhardened unstressed plants showed 

that 87 and 96- variation in the frost damage score for 1989/90 and 

1991/92, respectively could be accounted for by these four parameters. 
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Relative fluorescence PFD - 60 (Pmol/m /s) 
8000 ...-.. .. . 

7450 L. ochrus Acc. No. 103/543 0 P T I 

Ti Not hardened & not stressed 3984 6687 4803 6473
6900 

- T2 Not hardened but stressed 3054 3657 3662 3352 
6360"T1 
 T3 Hardened and stressed 2854 3466 3462 3092 

5800
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4700 / 
4150 

T2 
3 6 0 0 - --- - -----------------.-----------.-----------------------------....... ....
------. ... 


3050 - T3 

2500 .1 

0 3 
-

6 
1-

9 
I J 

12 15 18 

Time (sec) 

21 24 
-l-.t 

27 30 

Relative fluorescence PFD - 60 (mol/m /s)8000 [ .....
 

7450 V. ervilla Acc. No. 2542/2563 0 P T I 

T1 Not hardened & not stressed 3021 4896 3746 45376900 ~
 
6350 T2 Not hardened but stressed 3466 4180 4043 4040
 

T3 Hardened and stressed 3415 5419 3982 5274 
5800 T3 
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4700i 
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4 15 0 L . . . . . . . .. . . . . .
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Figure 4.2.1. Relative fluorescence time curve for excised leaves of
 
(a) Lathrs ochrus (Acc. No. 103/543) and Vicia ervilia 
(Acc. No. 2542/2563) as affected by hardening and frost 
stress ccmbinations. For O,P,T, and I, see text.
 



233 

study that in selecting for frost 

tolerant genotypes one should look for lower values for all the 

fluorescence emission parameters measured on unhardened and unstressed 

This preliminary indicates 

plants. However, there is a need for verification of these results, 

using larger number of genotypes with a range of frost susceptibility 

in 	each species.
 

Mark Ratinam, A.M. Ebd El Moneim and M.C. Saxena 

4.2.2. Growth, Development, Yield and Water-Use Efficiency of Food and 

Feed Legumes
 

A 	preliminary experiment on comparison of relative differences in seed 

yield (SY), total biological yield (TY), and water-use efficiency 

(WUE) of four feed and four food legumes crops, conducted at ICARDA 

center, Tel Hadya, during the 1990/91 season was reported in 1991 

(Ii gune Prcgram, Annual Report 1991, pages 206-216). Experiment was 

modified by including two more genotypes under each crop (total. 4) and 

also irrigation treatments, to create different. intensities of drought
 

and compute drought tolerance indices for comparison of genotypes 

within each crop. The trials were conducted in 1991/92 season at three 

sites: Breda, Tel Hadya and Jinderis, which offered three contrasting 

environments. The objectives were:
 

1. to quantify ' Id 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 to screen large number of 

genotypes. 
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Sone important site characteristics of these three locations are 

given in Table 4.2.3. The 1991/92 was cld uiop year, compared to the 

other years since 1979 on the criteria of number of frost days. The 

absolute minimum temperatures at all the three sites were similar, but 

frost occurred more frequently at PT,da. 

Varying intensities of drought were created by partial alleviation 

of drought of the rainfed environments. Line-source sprinkler 

irrigation method was used to create a continuous drought gradient, 

ranging between nonstress (close to the line-source, with total 

moisture supply of 393 am at Breda and 561 im at Tel Hadya) and stress 

(rainfed with a rainfall of 263 mu at Breda and 352 mm at Tel Hadya, 

farthest away from the line-source) conditions. This experiment was 

carried out at Tel Hadya and Breda. In another experiment three 

intensities of drought were created at Tel Hadya by regulating the 

irrigation frequency, applied by moving an overhead boom of sprinklers 

over the treatment pllts. The total noisture supply in the treatments 

was 552, 466, and 352 mu. At Jinderis, crops and genotypes were 

compared only under rainfed condition. 

In the line-source method, slopes of the regression estimates of 

SY and TBY on the total seasonal moisture supply (rainfall + 

irrigation) were used as the criteria for drought resistance. In the 

other trial with irrigation treat-trrnts standardized residuals were 

computed from a mrulttiple i(egressirn analysis by iecpressing stress yield 

(dependent- variable) on days t floyd_' and nonst.ress yield as 

(independenti variables). 11c. sign of the residuals, ive indicating 

tolerance and -ye indicating suscptibility, was used as criteria. For 
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the purpose of identifying genotypic difference, a standard residual of 

1.3 or greater was used, which indicated that the observed differences 

indicated true effects at 80% probability, rather merethan random 

effects.
 

Crop duration was longer at Breda compared to the other two sites, 

in spite of a less precipitation (Table 4.2.3), probably because of a
 

little early planting but mostly due to more number of frost days 

(Table 4.2.4). The crop duration was the shortest at Jinderis. Averaged 

over the genotypes, the duration was shortest for Vicia narbonensis 

(Vn) and longest for chickpea. 

Relative crop performance, in general, was similar at andBreda 


Tel Hadya, but differed at Jinderis (Tables 4.2.5, 4.2.6, 4.2.7). 
 Vn 

produced the highest SY both under stress and nonstress conditions 

which was also the case during 1991. Yield loss, difference between
 

rainfed yield and nonstress yield expressed as percent of nonstress
 

yield, appeared to be relativeIy greater for the feed than the food 

legumes. It, however, did mean SY of these innot low crops rainfed 

conditions, as can be seen in the yield of Vn at Breda (Table 4.2.5). 

Lentil and Vn produced the highest TBY (Table 4.2.6). Crop 

differences in loss of potential TBY were similar as in seed yield. 

Harvest indices (HI) were higher for food compared the feed legume. 

Lentil, Vicia villosa ssp dasyca-pa (Vvd) and Lathyrus sativus (Ls) 

were the crops with the lowest HI. 
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Table 4.2.3. Some selected location, soil and weathei characteristics of 
experimental sites.
 

Characteristic Breda Tel Hadya Jinderess
 

Location 
Latitude (N) 350 551 350 55' 360 22' 
Longitude (E) 370 10' 360 55' 360 41' 
Altitude (i) 350 362 231 

Soil 
Soil type* Typic Chromoxerertic Palexeroilic 

calciorthid calcic chrcn~rert 
rhodoxeral f
 

Clay (%) 40-44 60-63 60-61
 
Silt (%) 41-45 31-33 33-34
 
Sand (%) 15-25 4-8 4 

CEC (rneq/100g) 28.0 51.4 64.8
 
pH 8.3-8.5 8.1 7.8-7.9
 

"I
EC(l:l) ds m 0.29-5.0 0.18-0.32 0.14-0.18 

Kjeldahl N (ppm) 100-650 210-460 280-670 
Organic matter (%) 0.3-1.2 0.5-1.1 0.5-0.8 
CaCO3 (%) 30-50 28-29 20-24 
Active limrie (%) 9-22 9-11 11-12 

Weather
 
Rainfall rn) 263 352 424
 
Long term (1979-1992)
 
average rainfall (ma) 264 328 441
 

Number of frost days 73 57 51
 

Temperature (abs.min.) -8.20C -8.80C -8.00C 

Nutriants applied
 
P (kg/ha) as triple
 
super phosphate 18 22.5 22.5
 

* Based on USDA soil taxonomy, 1975 

http:0.14-0.18
http:0.18-0.32
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Table 4.2.4. 	 Crop and cultivar differences in days from sowing to flowering 
and from sowing to mnaturity. 

Flowering Maturity
Crop* Breda Tel Jinderess Breda Tel Jinderess 

Hadya Hadya 

1 CP V1 ILC 482 148 121 82 176 167 114
 
2 V2 ILC 3279 153 127 85 179 170 118
 
3 V3 ICC 10448 151 122 83 172 
 166 114
 
4 V4 F-83-47C 
 150 125 84 177 169 116
 

5 	 Lens V1 ILL 4400 1L6 113 75 
 167 158 103
 
6 V2 ILL 4401 137 116 77 164 156 107
 
7 V3 ILL 2069 136 113 75 165 
 157 104
 
8 V4 ILL 5604 139 115 76 158
167 104
 

9 F9 Vi ILB 1814 124 105 75 172 164 116
 
10 V2 ILB 1811 123 107 
 77 170 164 117
 
11 V3 ILB 1270 127 106 75 171 163 118
 
12 V4 ILB 1266 124 108 76 
 171 165 116
 

13 	 Peas %i ACCU21 150 124 17683 161 105
 
14 V2 ACC#30 141 119 
 77 170 159 100
 
15 V3 ACC43 138 116 
 75 166 161 101
 
16 V4 ACC#I1 139 114 
 76 168 159 102
 

17 Vs Vi #2541 139 114 82 162 157 105
 
18 V2 #715 141 123 85 167 162 
 106
 
19 V3 41403 138 114 86 165 160 105
 
20 V4 4709 139 115 85 
 169 164 115
 

21 LS V1 4347 137 113 74 168 162 105
 
22 V2 #205 149 127 178
85 172 119
 
23 V3 4208 145 122 81 
 176 170 115
 
24 V4 #206 146 125 83 
 176 171 116
 

27 VN Vi #67 136 113 77 161 154 102
 
V226 4586 136 77
113 165 156 105 

27 V3 i±588 135 il1 16477 154 105 
28 V4 4121 140 117 78 167 158 106
 

29 VVD Vi 4683 137 114 81 165 162 ill 
30 V2 4535 138 118 86 167 163 115
 
31 V3 41088 139 118 86 167 
 164 114 
32 V4 11596 138 114 82 167 163 ill
 

SEr (±) 0.5 0.35 1.6 0.5 0.5 1.1 
LSD (P0.05) 1.5 1.0 4.5 1.4 1.4 3.2 

* 	 Cp = Chickpea, Lens = Lentil, FB Fahba ben, VS Vicia sativa, LS 
Lathyrus sativus, VN = Vicia narbonensis, VVD = Vicia villosa ssp. 
dasycarpa.
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Table 4.2.5. Relative loss in seed yield (SY) due to drought in feed and
 
food legumes (each crop is a mean of 4 genotype), Tel Hadya, 
1991/92.
 

Crops Non stress 
Rainfed SY (kq/ha) SY (kq/ha) Yield loss (%) 

Breda Tel Jinderess Breda Tel Breda Tel 
Hadya Hadya Hadya 

Food Legumes 
Chickpea (CP) 778 1628 1256 1665 2292 52 25 
Lentil (Len) 781 1424 676 2064 2367 61 34 
Peas (Peas) 629 1121 248 1454 1805 54 28 
Faba bean (FB) 668 1698 664 1989 3053 65 43 

Feed Legumes 
Vicia sativa (Vs) 643 1353 628 1921 2823 66 50 
Vicia narbonensis (Vn) 1098 2497 1084 2642 4045 58 36 
Vicia villosa ssp 489 1243 724 1756 1940 71 32 
dasycara (Wd)
 
Lathyrus sativus (Ls) 724 1474 1208 1743 1496 58 -64*
 

S.E. (+) 	 52.6 158.9 133.8 52.6 158.9 2.8 20.0 
L.S.D. (P<0.05) 147.7 459.0 393.6 147.7 459.0 8.4 58.9 

* Irrigation reduced seed yield
 

Table 4.2.6. 	 Relative loss in biological yield (TY) due to drought in 
feed and food legumes (each crop is a mean of four 
genotypes), Tel Hadya, 1991/92.
 

Crops Non stress 
Rainfed SY (kg/ha) SY (kg/la) Yield loss (%) 

Breda Tel Jinderess Brecia Tel Breda Tel 
Hadya Hadya Hadya 

Food Legumes
 
Chickpea (CP) 1868 3297 2364 3776 5969 49 41 
Lentil (LIen) 2361 4205 1579 5479 8581 55 48 
seas (Peas) 1344 2383 679 2904 4181 53 38 
FPaba bean (FB) 1438 3176 1503 3762 6055 59 46 

Feed Legumes 
Vicia sativa (Vs) 1761 3058 1304 4338 6434 59 50
 
Vicia narbonensis (Vn) 2686 5575 2229 5612 9773 51 41
 
Vicia viI losa ssp 1760 4u15 1785 5561 7651 68 44
 
d (Vvd)
 
Lathyrus satijvis (Ls) 2112 4016 2986 4961 7908 57 48
 

S.E. (+) 	 112.1 354.4 275.9 112.1 354.4 3.1 6.3 
L.S.D. (P<0.05) 314.8 1025.3 811.4 314.8 1025.3 9.1 18.6
 



4 

239 

Table 4.2.7. Harvest indices (%) of feed and food legumes crops with 
and without irrigation (each crop is a mean of 
genotypes).
 

Crops 
 Rainfed 
 Non stress 
Breda Tel Hadya Jinderess Breda Tel Hadya 

Food Legumes
 
Chickpea (CP) 45 45 40 
 44 40 
Lentil (Len) 38 
 31 32 39 
 27
 
Peas (Peas) 51 46 
 25 50 42
 
Faba bean (WB) 51 53 
 32 53 50
 

Feed Legumes
 
Vicia sativa (Vs) 45 43 35 
 45 44
 
Vicia narbenensis (Vn)44 40 36 47 
 41
 
Vicia villosa ssp 32 26 30 31 25
 
dasycarpa (Wd)36
 
Lathy us sativus (s) 36 18 30 
 35 18
 

S.E. (+) 0.8 1.7 
 0.8 1.4
 
L.S.D. (Pz0.05) 2.3 
 4.9 2.3 3.9
 

Large genotypic differences in rainfed S' and TBY were observed in
 

all the crops (Tables 4.2.8 and 4.2.9). Judged on the criteria of
 

standardized residuals, crops Ls, Vn and Wd were rore drought tolerant 

than others. Three genotypes of Ls appeared to be sensitive in SY to 

supraoptimal water applicc -. ion, as was seen in the negative slopes 

(Table 4.2.8).
 

It seems possible to combine a greater degree of drought tolerance 

with responsiveness to irrigation, at least in one crop Vicia
 

narbonensis, where a high nonstress yield was associated with a higher 

slope (Table 4.2.8. V2, V3, V4) .Large genotypic differences in drought 

resistance and susceptibility were apparent in all the three crops, Ls, 

Vn, and Wd.
In general, there was a good agreement in drought
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Table 4.2.8. Standardized residuals of multiple regression of rainfed SY 
or TBY as dependant and days to flowering and irrigated SY 
or TBY as dependant variables; and regression estimates of 
slopes of a linear regression of SY or TBY on mm water 
applied, Tel Hadya, 1991/92 and rainfed SY and TBY (kg/ha). 

Crop X Standarized residual Yield (kq/hk) TBY (kq/ha) 
cultivar SY TBY Slope±SSn Rainfed Slope±SFm Rainfed 

1 CP Vi -0.19 -1.3 3.96 1 0.901 1740 12.05 ± 1.8093410 
2 V2 -0.52 -1.5 2.15 + 0.743 1291 10.23 + 1.6773092 
3 V3 -0.26 0.30 1.35 + 0.540 1164 4.10 + 1.0282113 
4 V4 -0.01 -0.82 3.38 + 0.879 2318 13.85 + 2.4494271 

5 Lens Vi -1.11 -1.24 4.32 + 1.452 1359 20.68 + 3.5584319 
6 V2 -1.1 -1.01 6.10 + 1.025 1566 23.05 + 2.5324436 
7 V3 -0.22 -0.56 3.72 ± 1.261 1560 17.29 1 3.0104345 
8 V4 -0.46 -1.24 8.11 ± 1.217 1211 21.85 + 2.7983,9 

9 Fr V1 -0.16 -0.50 9.59 + 1.313 2051 17.10 + 1.2983913 
10 V2 -0.42 -0.11 5.03 ± 0.800 1398 10.50 + 1.2672635 
11 V3 0.54 0.21 7.11 + 0.679 1831 14.29 + 1.4993128 
12 V4 -0.48 -0.16 7.49 + 0.661 1508 14.45 1.09630274-

13 Peas Vl -0.74 0.10 4.40 + 0.932 1841 12.15 + 1.9173931 
14 V2 -1.4 0.07 2.33 ± 0.890 854 5.85 1 1.8001750 
15 V3 -1.0 -0.08 1.48 + 0.426 816 6.47 + 0.9231690 
16 V4 -1.8 -0.12 6.31 + 0.884 973 11.80 + 1.8192163 

17 VS VI -0.33 -0.31 9.87 + 1.085 1891 16.44 + 2.1274128 
18 V2 -0.33 -0.63 8.62 + 1.243 1611 19.98 + 2.3283460 
19 V3 -1.28 -0.46 2.33 + 0.672 923 5.94 + 1.4782263 
20 V4 -0.92 -0.62 5.97 + 0.843 989 15.03 ± 2.0312381 

21 LS Vi 1.11 1.22 2.49 + 1.367 1610 16.26 + 2.3543979 
22 V2 0.98 1.87 -2.92 + 0.987 1180 13.15 + 2.9053788 
23 V3 1.27 1.IC -0.49 + 1.432 1511 17.30 + 3.0084155 
24 V4 1.32 0.45 -2.63 ± 1.298 1596 16.29 + 3.2724443 

25 VN Vi 2.25 1.92 2.94 * 1.334 2258 15.66 + 2.6305665 
26 V2 1.43 1.26 8.14 + 1.196 2656 18.90 + 2.5276150 
27 V3 0.89 0.68 8.59 + 1.173 2589 18.99 ± 2.3555478 
28 V4 1.04 0.85 6.52 + 1.304 2265 21.07 + 2.7335008 

29 VVD V1 0.11 -1.35 2.04 + 0.916 1322 14.97 + 2.6333544 
30 V2 0.69 1.51 2.36 + 0.830 1286 15.70 + 2.1394005 
31 V3 C.88 1.09 3.07 .0.925 1090 15.96 + 2.6304445 
32 V4 0.21 -0.70 3.93 . 1.274 1273 19.16 + 2.8884065 

Cultivars within a crop Sm + (0.05) 117.5 230.4 
LSD (0.05) 329.7646.5 
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Table 4.2.9. 	 Regression estimates of slopes for seed (SY) and total
 
biological (TBY) yield on mm water applied and rainfed
 
SY and TBY (kg/.ha). Breda 1991/92. 

Crop X Slope (ki/i water) 	 Rainfed
 
cultivar 	 SY+ SE in 'IBY + SDn SY '11Y 

1 CP Vi 9.51 0.705 15.98 + 1.321 953 2024 
2 V2 4.82 + 0.501. 12.04 + 1.410 674 2064
3 V3 6.15 + 0.575 11.94 4 1.284 738 2064 
4 V4 6.86 + 0.803 17.35 4 2.164 748 2028 

5 Lens V1 10.28 + 0.767 
 26.85 + 3.008 700 2033

6 V2 7.38 + 1.003 15.02 + 2.611 731 2134 
7 V3 7.06 + 0.881 16.41 ± 2.578 846 2665
8 V4 9.45 + 0.976 20.08 2.661 26114- 848 

9 FB VI 9.59 + 1.214 17.87 4 1.915 778 1742 
10 V2 8.39 + 0.777 15.42 1 1.357 590 1222
11 V3 9.29 1 0.829 14.50 - 1.297 635 1428
12 V4 8.69 4 0.980 16.14 + 1.842 670 1362 

13 Peas V1 
 9.23 + 0.928 16.51 ± 1.426 778 1939 
14 V2 5.45 + 0.784 9.60 + 1.356 669 1308
15 V3 6.30 + 0.533 11.60 ± 1.018 555 1092 
16 V4 5.36 - 0.660 10.44 11.201 516 1038 

17 VS Vi 9.02 + 1.061 19.37 + 2.059 748 1879 
18 V2 9.33 i 1.021 20.19 + 2.031 644 1646
 
19 V3 8.32 + 0.840 13.74 + 1.514 669 1661 
20 V4 8.14 4 0.81E 16.98 + 2.193 510 158 

21 LS Vi 8.19 1 0.904 17.66 f 1.868 823 2268 
22 V2 4.42 4 0.706 18.91 + 2.150 575 .858
23 3 5.80 f 0.580 18.71 ± 1.676 786 2108
 
24 V4 
 7.00 + 0.905 19.85 ± 2.022 725 2216 

25 VN V1 8.67 + 1.250 19.45 ± 2.302 1156 2845

26 V2 
 9.95 ± 1.40"7 1.8.50 + 2.963 1094 2639
 
27 V3 
 9.50 ± 1.238 18.79 ± 2.552 1148 2543
 
28 V4 ±9.88 1.565 18.29 4 3.020 994 2718 

29 
 VVD V1 8.28 ± 1.168 25.07 ± 2.975 510 1745 
30 V2 6.68 ! 1.003 22.44 + 2.816 465 ]760
31 V3 6.75 j 0.729 21.54 + 2.675 445 ".629 
32 VIt 8.21 ± 1.038 23.91 + 2.895 538 1906 

Cultivars within a crop Sn 
 112.2
 
ISD 
 147.7 311.8
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tolerance ccmputed by two different methods in two separate 

experimeants. A few cross oveis occurred, which may be due to 

differences in the total amunt of vater applied between the two 

experiments. It seems the simple method of caputing drought resistance 

using irrigated and nonirrigated treatments is effective and would be 

useful in screening large number of genotypes for drought resistance, 

which may be difficult by using the line-source method.
 

Table 4.2.10. Cumulative evaporarLpiration (mim water), SY, TY 
(kg/ha), HI (%) and water use efficiency (kg/nm water 

used) for SY and TBY in four food and feed legume crops, 
WuE: Tel Hadya, 3991/92. 

Crops SY MY HI ET WUE 

(kg/ha) (kg/ha) (%) (rm) GT/hhn/ 
SY TBY 

V. narbonensis ((67) 2763 7146 38.8 465 6.0 154 
Chickpea (ILC 482) 2331 5050 47.1 481 4.9 105 

Faba bean (ILB 1811) 2785 5524 51.0 465 6.1 119 
Lentil (ILL 4401) 1808 7168 26.6 475 3.9 150 

V. sativa (42541) 2831 6252 45.4 481 6.2 137 
L th' sativus (#347) 1481 5110 29.8 481 3.1 107 

Peas (21) 2251 5348 42.8 477 4.9 1;l 
V.v. dasycarpa (1683) 1544 5385 30.9 488 3.3 111 

S.E.m (+) 239.5 390.2 - 603 4.5 0.54 02 
LSD (P _< 0.05) 919.2 1304 5.36 19.8 1.80 2Q 

C.V. (9.) 30.3 16.3 10.1 3.1 27.6 142 

Significance 
 * * *** NS * ** 

• Significant at P = 0.05 
*k Significant at P = 0.01
 

NS = Not significant 
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The total armunt of water used by different crops was similar, both 

at Tel Hadya and Breda (Tables 4.2.10 and 4.2.11). Crops differed in
 

WUE for SY and TBY, both at Tel hadya (Table 4.2.10) and Breda (Table 

4.2.11). Vicia had highestnarbonenis the WUTJEboth ir Si and TBY 

during 1991, were lessa year when soil moisture conditions favorable. 

Even this year, Vn had the highest WE72 in Breda and was on par with 

lentil and faba bean WUE for SY at Tel Hadya. 

Table 4.2.11. Cumulative evaporanspiration (rn water), SY and TBY 
(kg/ha), HI (*) and water use efficiency ( WUE: kg/m 

water used) for SY and TBY in four food an feed legune 
crops, Breda, 1991/92.
 

Crops SY TBY HI ETf WUE 

(kg/ha) 
 (kg/ha) (%) (ran) (kq/na/n) 
SY 11Y 

V. narbonensis (461) 
 1625 4115 38.7 209 5.3 134
Chickpea (ILC 482) il:55 47.83028 315 4.6 96
 

Faba bean (ILB 1811) lil 2511 44.2 308 
 3.6 81

Lentil (ILL 4401) 1198 
 3468 33.9 3.9
310 112
 

V. sativq (42541) 1299 3185 40.8 4.3303 105

Lathy sativus (4347) 1290 3177 39.4 313 1.2 102 

Peas (421) 1324 2842 44.0 320 4.2 
 90

V.v. dasycarpa (4683) 892 2903 
 30.0 307 2.8 93
 

S.E. m (+) 68.7 268.4 2.11 0.29 0.26 08
LSD (P : 0.05) 229.8 897.6 9.7 297.06 0.88 


C.V. (%-) 13.2 20.8 13.0 2.3 15.6 212
 

Significance 
 ** NS ** NS ** NS 

* Significant at P = 0.05 
** Significant at P = 0.01 
NS = Not significant 
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In general, the results are in agreement with the findings in 1991. 

Studies on physiological basis of drought resistance in these feed and 

feed legune crops are planned for 1993. 

N.P. Saxena and M.C. Saxena
 

4.2.3. Effect of drouqht on BOAA content of seeds of chickling 

Seeds of chickling (LabthyrL sativus) cultivars from the drought trial, 

with three intensities of drought conducted at Tel Hadya (Section 

4.2.2), were analyzed for percent BCAA content. Results are presented 

in Table 4.2.12. Percent BOAA content was the highest in the rainfed 

Table 4.2.12. 	 Effect of drought on BOAA contents in the seeds of 
Lathyrus sativus. Tel Hadya, 1992. 

Treatment 
IFLLS Stress Moderate Non stress Mean 
(Acc #) rainfed stress (frequent 

irrigation) 

464 (208) 0.49 0.49 0.30 0.43
 
459 (205) 0.51 0.45 0.32 0.43
 
587 (347) 0.46 0.44 0.35 0.42
 
463 (206) 0.48 0.46 0.33 0.42
 

SEe(±) 0.0.7- 0.021 
F test NS NS 
Mean 	 0.48 0.46 0.33 
LSD (0.05) 	 0.071
 
SE (+) 	 0.18 

treatment and was the least in the treatment where drought was relieved 

by frequent irrigation. The four genotypes were similar in absolute 

%BOAA content as well as in their response to increasing drought 

treatments, as seen in the lack of a significant genotype x 'reatment 

interaction. This highlights the importance of environment on the 
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neurotoxin content in the chickling cultivars. 

M.C. Saxena, N.P. Saxena and A.M. Abd El Mneim 

4.3. Rotation Effects of Underground Vetch (V. sativa ssp. anphicarpa) 

The 1991/92 season was the third year of the rotation trial on 

'underground vetch - barley' with different grazing treatments imposed 

on underground vetch. In this season the self-regenerated vetch was 

evaluated, besides the change in the seed bank. The dry herbage yield 

at 50% flowering stage of self-regenerated vetch in 1991/92 varied from 

3258 to 3900 kg/h (Table 4.3.1) depending on the grazing treatment in 

Table 4.3.1. Effect of grazing management of subterranean vetch on its 
dry herbag yield in the year of establishment (1989/90),
yield of succeeding (1990/91) barley (as conpared to 
barley after barley), vetch seed bank at the start and 
the end of barley phase, and dry herbage yield of self
regeneration vetch in 1991/92, Tel Hadya.
 

Yield/seed bank Subterranean vetch
 
(kg/ha) Grazing No Barley SEv+ 

February March April grazing 

Herbage yield* 1989/90 830 730 860 2020 - 57 
Barley seed 1990/91 1966 2035 1925 1909 1599 98 

Barley total shoot 1990/91 4347 4193 3947 3877 3143 215 
Starting seed bank 1990/91 50 160 130 240 27
 

End of season seed bank 32 95 141 218 - 34 
1990/91 

Herbage yield* 1991/92 3258 3900 320
3879 3708 

* At 50% flowering 

1989/90. These herbage yield results establish the potential of this
 

forage legume as a pasture crop. One of the major advantages of this 
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legume is that it can tolerate a moderate level of soil disturbance 

during the cereal phase because of its large seed size unlike annual 

medics (Medicaqo Spp.) which are naturally found in undisturbed 

habitats and their deep burrial because of conventional soil tillage 

ay prevent seedling emergence.
 

A.M. Abd Ei-Moneim 

4.4. Forage Legume Pathology 

4.4.1. Fungal Diseases 

Host resistance to major stem and leaf diseases necessary is necessary
 

for developing productive forage legumes. In the 1991/92 season, 25 

prcmising lines of Vicia narbonensis, 16 of V. ervilia, 16 of V. 

palaestina, 16 of V. hybrida, 16 of Lathyrus sativus, and 9 of L. 

cicera, were tested under artificial epiphytotic conditions for 

specific diseases. Vicia spp. were screened for resistance to powdery 

mildew (Erysiphe pisi f. sp. viciae), downey mildew (Perenospora 

viciae), ascochyta leaf spot and stem blight (Ascochyta Risi f.sp. 

viciae) and botrytis blight (Botrytis cinerea). Lathyrus spp. were 

screened for resistance to powdery mildew (Erysiphe nartii f.sp. 

lathyri , ascochyta b]ight (Ascochyta piai f. sp. tnthyri) and botrytis 

blight (Botrytis cinerea). A 5-point scale was used: 1 = resistant; 5 

= highly susceptible. 

Table 4.4.1. shows the reaction of five Vicia Spp. to major 

diseases. None of the tested lines of V. narbonensis, V. sativa and V. 

ervilia showed resistance to ascochyta blight. However, most of the 
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lines showd moderate resistance or tolerance. Four lines of V. 
narhonensis showed resistance to powdery mildew and botrytis blight. 

Results on Lathyrus s~p. in Table 4.4.2. revealed that most of Lathyrus 

sativus lines were susceptible to the powdery mildew and botrytis 

blight. 

Table 4.4.1. Reaction of Vicia sP. to major diseases under artificial
conditions. Number of lines under each disease category. 

Crops Disease Diseases
 
score* Ascochyta Powdcery Botrytis 

blight mildew 
 blight
 

V. narbonensis 1 0 4 4 
2 2 13 9
3 10 7 8 
4 13 1 3 
5 0 10 1 

V. sativa 1 0 0 2 
2 3 
 0 12
 
3 15 9 10
4 7 16 1 
5 0 0 0 

V. ervilia 1 0 0 0 
2 5 16 4 
3 5 0 10 
4 6 0 2 
5 0 0 0 

V. palaestina 1 1 0 0 
2 4 0 0
3 11 0 11 
4 0 11 5 
5 0 5 0 

. hybrida 1 1 0 1 
2 14 7 7

3 1 6 8 
4 0 3 0 
5 0 0 0 

* 1 = Resistant; 5 = Highly susceptible.
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4.4.2. Nematode Studies 

Heterodera ciceri Volvas, Greco et. DiVito is commonly found in forage 

legumes fields in Syria. In 1991/92, 25 lines of Vicia narbonensis, 25 

lines of V. sativa, 16 lines of V. ervilia, 16 lines of V. palaestina, 

16 lines of V. hybrida, 16 lines of Lathyrus sativus, 9 lines of L. 

cicera and 16 lines of L. sativus were tested under artificial 

infection in the plastic house for resistance to this cyst nematode.
 

The infection rate was 200 eggs of cyst/g of soil. Seeds tre sown in
 

earthen pots with six replicates of each line and 3 plants per pot. At 

100% flowering the plants werL uproote, roots were carefully washed 

and the density of nematodes measured on a 5-point scale: 1 = no galls 

Table 4.4.2. Reaction of Lathyrus sativus and L. cicera prcmising 
lines to major diseases under artificial condi.ions. 
Number of lines under each disease categoty 

Crops Disease 	 Diseases
 
score* 	 Ascochyta Povdery Botrytis 

blight miidew blight 

Lathyrus sativus 	1 0 0 0 
2 5 0 3 
3 10 4 1 
4 1 12 4 
5 0 0 8 

L. 	 cicera 1 0 0 0 
2 0 0 3 
3 3 0 4 
4 3 9 2 
5 3 0 0 

* 1 = Resistant; 5 = Highly susceptible. 

(rsistant), 2 = light galling (moderately resistant), 3 = moderate 

galling (tolerance); 4 = extensive galling (susceptible) and 5 = very
 

extensive galling (highly susceptible). Results inTable 4.4.3 revealed
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Table 4.4.3. 	 Reaction of Vicia sm. and Lathyrus p. lines to cyst
nematode. Number of lines under each category.
 

Crop / Species Nematode susceptibZlity Score* 
1 2 3 4 5 

V. narbonensis 0 0 5 18 25
V. sativa 9 16 
 0 0 05
V. ervilia 0 0 1 11 46
V.palaestina 0 
 0 4 
 9 36

V. hybrida 3 
 13 0 
 0 0

iathyrus sativus 0 0 
 3 11 26

L.cicera 
 0 0 0 
 5 4
 

= 	 5 = * 1 Resistant; Highly susceptible. 

that several pronising lines of V. sativa and V. hybrida were resistant 

or moderately resistant. In contract, most lines of V. narbonensis, V. 

ervilia, V. palaestina, lathyrus sativus and L. cicera were susceptible 

or highly susceptible. Erhasis will be given in future to screen more 

line for resistance to cyst nematode in Lathyrus spp., Y. ervillia and
 

V. palaestina. 

A.M. Abd El Mneiim and M. Bellar 

4.5. Forage 	Legume Entmology
 

4.5.1. Effect of Sitona crinitus on Vicia 

Sitona is often seen infesting several forage legumes. To determine if
 

Sitona infestations result 
in yield losses necessitating control
 

methods, an e-xperiment was carried out at 2 locations, Alkamiye and 

Jinderess using Pronet seed treatment in Vicia villosa ssp. dasycarpa. 

Oviposition was nonitored by counting the number of eggs extracted fron 

100 ccm soil samples taken at 2 week intervals. Oviposition started in 
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Figure 4.5.1. 	 Mean number of Sitona eggs extracted from 100ccm soil 
samples and ran nodule damnage in Vicia villosa ssp. 
dasycarma with and without Prcm t application at 2 
locations, .Syria, 1991/92. 
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late February, 	 reached the peak in early April and was effectively 

reduced by Promet treatment (Figure 4.5.1.). The mean nodule damage was 

about 75% at both locations and significantly reduced by Promet 

treatment, except for the 2nd samplig at Jinderess (Figure 4.5.1). At 

Alkamiye both 	 Vicia seed and biological yield were significantly 

increased by Promet treatment, at Jinderess also both yields wre 

higher with Promet, but only seed yield significantly (Figure 4.5.2). 

This first study shows that Sitona does infest Vicia and control 

results in significant yield increases. Further studies are needed to
 

assess how much damage can 
be tolerated before insecticide treatment
 

becares economical and to analyse the presence of any insecticide
 

PrO)IlIN 

Jinderess 

Chec(k

.jield
Seed ieldIn ha) ]laT linhal 

Promet 

Aikaniye 

Cheek 

6 5 4 	 1 3 4 5 6 

Figure 4.5.2. 	 Effect of application of Pramet on Vicia dasyc seed 
and biological yield at 2 locations, Syria, 1991/92. 

residues in the forage as this might be harmful when fed to animals. 

However, Promet treatment for Sitona control might be an economical and 

safe option for seed production fields. 

S. Weigand
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5. IRY PEA I 

The dry pea research at ICARDA was initiated in 1986/87. As extensive 

varietal improvement work is being done on dry pea at a number of 

institutions in the developing and developed countries we capitalise on 

this research, instead of running our own breeding program, to identify 

dry pea cultivars adapted to the farning systems of WVANA. Our work is 

concentrated in tne following areas: 

I. 	 Collecting enhanced genrplasm/cultivars from the institutes working 

on dry pea in developed and developing countries and testing them at 

ICARDA sites to identify superior lines for evaluation by the 

national prograns in WANA. 

II. 	 Developing suitable production technology and its transfer to the 

national programs for testing and adaptation. 

5.1. Gernplasm Collection and Evaluation 

One hundred and sixteen accessions obtained frcm various institutions 

alongwith 3 repeated checks (Acc No. 223, 224 and 225) were evaluated at 

Tel Hadya in an augmented block design. The data were recorded oi various 

phenologic-al and morphological characters. Time taken to Llower ranged 

from 124 days for Acc No. 413 to 190 days for Acc No. 463; time taken to 

mature ranged from 168 days for Acc No. 437 to 216 days for Acc No. 463; 

and the harvest index ranged from 12.1% for Acc No. 470 to 72.8% for Acc 

No. 483. Seed yield varied from 0 to 3212 kg/ha. Sare of the high 

yielding entries alongwith their seed yield, tim- to flower, time to 

mature, and harvest index are given in Table 5.1.1. 
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Table 5.1.1. Adjusted seed yield (YLD=kg/ha) and rank (R), time to flower 
(DFLR), time to mature (EMIAT) and harvest index (HI) of scnic 

of highest yielding entries in pea genmplasm, at Tel Hadya 
during 1)90/91. 

Acc No. YLD R DFIR CMAT HI 

372 1795 15 134 175 57.8 
373 
379 

2010 
1649 

10 
22 

133 
131 

173 
175 

47.1 
27.5 

389 1913 12 137 178 48.8 
390 2302 4 145 176 37.1 

399 1587 25 137 177 52.8 
402 1816 14 138 176 56.1 
403 1705 19 134 177 35.1 
405 1594 24 145 177 51.8 
417 1777 16 129 172 52.5 

438 2149 8 131 171 45.8 
447 3212 1 140 179 57.8 
448 1719 18 142 180 47.1 
452 2767 2 143 183 39.8 
454 1858 13 134 177 54.5 

457 1601 23 140 178 53.8 
458 2066 9 133 183 47.8 
466 1747 17 155 189 32.8 
479 2288 5 133 178 65.8 
482 1705 20 136 184 57.1 

483 2580 3 133 181 72.8 
485 1976 11 143 180 51.8 
486 1670 21 131 179 60.8 
487 2198 6 138 177 61.1 

223 (Check 1) 656 26 138 182 35.7 
224 (Check 2) 
225 (check 3) 

400 
2193 

27 
7 

136 
141 

178 
179 

33.3 
57.4 

-ccation N1ean 1175 136 178 43.0 
LSD at P-5% for checks 233.7 
LSD at P=5% for- checks 739.2 
vs Lest entries 

CV 1 21.2 
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5.2. Evaluation for Cold Tolerance 

Four hundred and thirty eight accessions of pea were evaluated for cold 

tolerance. The material was sown in the autumn on Oct 1, 1991 with a 

post-sowing irrigation to ensure adequate moisture supply for gernination. 

Visual cold tolerance ratings on a 1-9 scale, where 1 - free from damage, 

9 = kill-d, were assigned after the susceptible check was killed. Daring 

the growing season, belw zero temperatures were observed for 53 days and 

minimum temperature during the season was -8.8 0 C on 28 Jan 1992. 'i'.e 

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 throuah and 0, 0.7, 7.8, 3.6, 3.9, 2.1, 13.7, 23.'7 and 44.5 percent of 

entries exhibited iatings of 1,2,3,4,5,6,7,8 and 9, respectively. '1The 

cold tolerant lines (with a rating of I to 4) are given in Table 5.1.2. 

A perusal of this table revealed ti-it 25 ot the tolerant lines were 

developed at Idaho in USA, and of the rm ining cold tolerant 1lines four 

were from Afghanistan, and one each from Greece, Italy, and Bulgaria. TWO 

other lines which %vretolerant were of unknc 'n origin. 'Iliere was no 

association of cold tolerance with geoxiaphic origin of the line. Further 

the lines with anthocynin pignivntation in leaf and stem were, in general 

more cold tolerant. 

5.3. Preliminary Yield Trial 

Sixty fou suff -eior '-ntwies selected from the germplamn as well as the 

Preliminary Yield Trial WTF')lof 1O89/90 were tested using a x8 lattice 

design during the 1091/52 season at t,.n I goatio:ns, Tel liadya and Terbol. 
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Table 5.1.2. Cold-tolerant accessions (c 4 rating) of pea, Tel Hadya. 

Acc. No. Origin CTR* Name 

77 Greece 4 K129 
80 Afghanitan 3 79-V2 
85 Afghanistan 2 503-V2 

Afghanistan 2 643-V2 
8" 
92 

Afghanistan 
Finland 

2 
4 

653-V2 
10947 

ill Bulgaria 4 MG 100 545 
158 Italy 3 MG 102426 
184 
186 
188 
190 

USA (Idaho) 
USA (Idaho) 
USA (Idaho) 
USA (Idaho) 

3 
3 
3 
4 

D 166-1-1 (AFIL) 
D 166-1-3-1 (N) 
D 166-1-6 (AF) 
D 166-2-11-2 (AFST) 

195 
197 
198 
199 
200 
203 

USA 
USA 
USA 
USA 
USA 
USA 

(Idaho) 
(Idaho) 
(Idaho) 
(Idaho) 
(Idaho) 
(Idaho) 

3 
3 
3 
3 
3 
2 

D 200-1-16 (N) 
D 200-4-3 (ST) 
D 200-7-4 (T) 
D 166-1-15-IW (N) 
D 166-1-13-IW (AFST) 
D 166-1-1-13W (TL) 

205 
206 
207 
210 
211 
214 

USA 
USA 
USA 
USA 
USA 
USA 

(Idaho) 
(Idaho) 
(Idaho) 
(Idaho) 
(Idaho) 
(Idaho) 

2 
2 
3 
3 
4 
4 

D 166-1-24-6W (AF) 
D 166-1-4-2W (S-'YL) 
D 175-2-3-1 (L) 
D 175-2-3-2 (AFSTL) 
D 175-2-3-2 (S=TL) 
D 175-2-3-1 (AFPL) AFAF 

243 unkncwn 3 Fenn 
244 unknown 3 Glacier 
338 
342 
343 
344 

USA (Idaho) 
USA (Idaho) 
USA (Idaho) 
USA (Idaho) 

3 
3 
3 
3 

PI 517 923 
PI 512065 (AFAF STST TLTL) 
PI 512065 (AFAF STSF TLTL) 
PI 512066 (AFAF STST TLTL) 

346 
348 
351 
352 
354 
355 

USA (Idaho) 
USA (Idaho) 
USA (Idaho) 
USA (Idaho) 
USA (Idaho) 
USA (Idaho) 

3 
3 
4 
3 
3 
4 

PI 512067 (AFAF STS-T TLTL) 
PI 512069 (AFAF STST TLTL) 
Pl 512074 (AFAF STST "Ih) 
PI 512075 (AFAF STST T'M) 
P1 5120'7 (AFAF STST' TU'IL) 
PI 512078 1AFAF SITSTF'TIhTL) 

TR = Cold tolerance reaction on 1-9 scale (1=free, 9:killed). 
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Table 5.1.3. Adjusted seed yield (YLD, kg/ha) and rank (R) and days to 
flower of son, entries in Preliminary Yield Trial at Tel 
Hadya, and lerbol during 1991/92. 

Acc. No. Tel Hadva Terbol Mean Days to 
YLD R YLD R YLD R flower 

54 797 29 1763 32 1280 35 140 
77 1224 2 2090 19 1657 11 148 

107 919 21 1684 37 1302 32 140 
119 951 19 2466 10 1708 9 141 
123 936 20 1514 48 1225 39 148 

141 1109 7 2479 9 1794 6 145 
149 1450 1 2971 1 2211 1 141 
152 1145 4 2838 2 1991 2 142 
160 1010 11 2728 6 1869 4 145 
164 972 14 2291 12 1632 13 152 

172 1045 9 2062 21 1554 17 144 
177 971 15 1756 34 1363 26 143 
178 1114 6 2093 18 1603 14 141 
182 1051 8 2295 11 1673 13 148 
240 853 24 2614 8 1734 8 141 

249 838 25 1594 44 1216 40 141 
264 975 12 1628 42 1302 31 137 
270 868 23 1712 36 1290 33 133 
281 1171 3 1647 39 1409 23 137 
284 962 16 1800 30 1381 25 133 

289 815 27 1084 60 949 54 133 
296 1031 10 2043 22 1537 18 147 
299 832 26 1044 61. 938 56 129 
301 806 28 2220 15 1513 19 144 
379 784 33 1545 47 1164 44 141 

386 958 18 2801 4 1879 3 140 
424 974 13 1591 45 1283 34 138 
428 884 22 2280 13 1582 16 135 
446 1142 5 2032 24 1587 15 148 
8 960 17 2743 5 1852 5 148 

Location man 794 1840 

LSD at P -5% 363.0 900.0 

C.V. % 28 30 
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Adjusted seed y eld, rank and time taken to flower for some promising 

entries are presented in Table 5.1.3. Adjusted seed yield varied from 297 

kg to 1450 kg/ha at Tel Hadya, and 840 kg to 2971 kg/ha at Terbol. Based 

on the average rank over the two locations the 15 top ranking lines 

inc3ided Ace No. 149, -152, -141, -160, -182, -77, -386, -8, -178, -164, 

119, -446, -172, -296, and -240. The best entries from this trial were 

promoted to Pea Internatic al Adaptation Trial (PIAT) for the 1992/93 

season.
 

5.4. Pea International Adaptation Trial
 

Tenty three entries selected from PYT and PIAT conducted during the 

previous season were tested in this trial Telat Hadya, Jindiress and 

Terbol. Several test entries yielded significantly higher than the local 

check. The five highest yielding entries at Terbol included Syrian Local 

Aleppo, Collegian, PS 210713, M 101197, and Early Dun; those at Jindiress 

included Early Dun, Maitland, MG 101197, M- 102623, and Sanxi PA 292; and 

those at Tel Hadya included Syrian Local Aeppo, LS 1690, JI 238, W3 

102623, and Collegian. On the basis 
of Ty -n seed yield over all 

loca-ions, Syr-ian Local Alenpo ranked first and was followed by IS 1690, 

Collogian, PS 210713, and M 101197 ( Table 5.1.4). The entry PS 510699 

was the earliest to flower and mature and also exhibited highest harvest
 

index.
 

R.S. Malhotra and M.C. Saxena
 



Table 5.1.4. Mean seed yield (YLD, kg/ha) and rank (R), days to flowering (DFL-R) , days to maturity (DMAT), plant
height 
(PTHT), and harvest index (HI) of entries at Terbol, Jinderess and Tel Hadya in PIAT-92.
 

SLebanon Syria Mean over locations 
Entry Name Terbol Jinderess Tel Hadva YLD R DFLR LTT PHT HI 

Y"IU R YLD R YLD R 

Syrian Local Aleppo 
IS 1690 
Frisson 
SV 51741 
Ballet 

3111 
2540 
2429 
1746 
1317 

1 
7 
10 
19 
23 

306 
352 
185 
204 
222 

11 
7 

22 
18 
16 

2157 
1981 
1111 
926 
741 

1 
2 

17 
21 
24 

1858 
1624 
1242 
959 
760 

1 
2 

15 
21 
23 

138 
138 
128 
133 
130 

176 
176 
170 
169 
172 

54 
56 
31 
27 
28 

48 
47 
50 
48 
4E 

JI 238 
MG 101197 

2619 
2857 

6 
4 

269 
454 

13 
3 

1648 
1269 

3 
14 

1512 
1526 

6 
5 

134 
138 

177 
179 

50 
55 

47 
43 

MG 102369 
M 102583 
M3 102623 
MG 102702 
Maitland 

1571 
2143 
2476 
2508 
2238 

21 
14 

9 
8 

12 

194 
324 
407 
389 
500 

21 
10 

4 
6 
2 

1352 
1481 
1630 
1519 
1472 

i 
8 
4 
7 
9 

1039 
1316 
1504 
1472 
1403 

20 
11 

7 
8 

10 

130 
132 
135 
139 
140 

175 
170 
177 
177 
173 

49 
31 
51 
46 
55 

48 

47 
43 
43 L 

Cbllegian 
Derrimut 
Wirrega 
Early Dun 
ILP 56 
LE 25 
PS 210713 
PS 210688 
PS 510203 
PS 510699 
Shanxi PA 292 

2984 
2238 
1841 
2619 
1651 
2317 
2963 
1968 
1476 
1968 
2032 

2 
13 
18 

5 
20 
11 

3 
17 
22 
16 
15 

259 
176 
343 
528 
287 
269 
343 
194 
194 
213 
389 

15 
23 
8 
1 

12 
14 

9 
20 
19 
17 

5 

1556 
1019 
1556 
1093 
1324 
1222 
1278 
963 
870 

1176 
1361 

5 
19 
6 

18 
12 
15 
13 
20 
22 
16 
10 

1600 
1144 
1246 
1413 
1087 
1269 
1530 
1042 
847 

1119 
1261 

3 
16 
14 

9 
18 
12 

4 
19 
22 
17 
13 

131 
129 
135 
138 
129 
130 
131 
127 
128 
125 
137 

172 
174 
175 
173 
170 
174 
170 
171 
168 
169 
174 

51 
40 
45 
51 
45 
35 
32 
44 
40 
42 
44 

51 
44 
49 
42 
-2 
49 
54 
51 
51 
54 
45 

Local Check 968 24 148 24 759 23 

Location nean 2191 298 1311 
LSD at P=5% 1056.5 167.3 577.7 
C.V. % 29.3 34.2 26.8 
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6. CRCBAm C(TROL 

Orobanche crenata has long been known to parasitize many leguminous food
 

aild feed crops causing dramatic yield reductions in the Mediterranean 

environments. The main objective of research onour this parasite is the 

development of effective control methods. Research in the past was 

conducted on identifying the effect of individual control methods so that 

these may be integrated to develop more effective control methods. During 

the 1991/92 season the experiments on integrated control of Orobanche 

crenata in chickpea, lentil, narbon vetch and dry pea were repeated.
 

6.1. Lentil 

The lentil variety ILL 8 can be sown nearly 25 days later than ILL 4400
 

without any yield reduction on the absence of Orobanche 
infestation.
 

Because of this adaptation to late sowing it is suitable for managing 

Orobanche by delayed sowing. To further improve the parasite control 

herbicide treatments having low rate of 1x7.5 g a.i./ha and 2x7.5 g 

a.i./ha of imazaquin (post-emergence) and 60 g a.i./ha of imazaquin (post

emergence) were tested in combination with the lentil cultivar during 

1991/92. 
 ILL 4400 was sown on 5 Nov. 1991 but ILL 8 could not be sown 

t 4 ll 9 Jan 1992, because of weather conditions. Imazaquin was applied on 

17 Feb in ILL 4400 and 25 Mar in ILL 8 plots in single-application 

treatments.
 

In the double-application treatments, application of 
imazaquin
 

occurred on 30 Mar and 21 Apr in ILL 4400 and on 8 Apr and 22 Apr in ILL
 

8 plots. ILL 4400 was harvested on 15 May and ILL 8 on 31 May.
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The treatment effects on seed and total shoot yield of lentil and dry 

weight of emerged Orobanche shoots are shown in Table 6.1.1. Because of 

excessive delay in sowing of ILL 8, the total shoot yield level was 

generally reduced, yet seed yield of ILL 8 was higher than seed yield of
 

ILL 4400 when no herbicide was applied. Single application of imazaquin
 

at early tubercle attachment sta4e, resulted in significant increase in
 

seed yield of ILL 4400, whereas in ILL 8 the effect was nonsignificant.
 

Imazethapyr applied preenergence also resulted in significant increase in 

the yield of ILL 4400 whereas in ILL 8 it caused seed yield reduction.
 

The study revealed that application of iirazaquin @7.5 g a.i./ha at early
 

tubercle stage of Orobanche development controlled orobanche effectively 

and resulted in significant increase in seed and total yie]d of ILL 4400 

and only total shoot yield in ILL 8. 

Table 6.1.1. 	 Seed (SY) and total shoot (TSY) yield (kg/ha) of lentil 
and dry weight (kg'/ha) of Orobanche (ODW) as affected by
integrated control treatments, Tel Hadya 1991/92.
 

Treatments SY TSY ODW 

ILL 4, )0 
No :.erbicide 
 236 1736 46.5
 
Imazaquin @ 7.5 kg a.i./ha 657 3110 4.0
 
Imazaquin 0 2x7.5 kg a.i./ha 
 245 1644 22.0
 
Imazethapyr 
 436 2043 0.0 

ILL 8
 
No herbicide 438 1471 0.0
 
Inazaquin ; 7.5 kg a.i./ha 543 1904 0.0 
Imazaquin C 2x7.5 kg a.i./ha 459 1644 0.0 
Imazethapyr 
 146 1395 0.0
 

LSD at P=0.05 
 123.2 300.5 16.34
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6.2. Chickpea
 

Chickpea cultivar ILC 3279 was found to have less infestation of Orobanche 

crenata than ILC 482 in the past studies. This difference in genotypic 

susceptibility of host was integrated with two herbicide treatment to 

develop an integrated control recommendation. The herbicide treatments 

included pre-emergence application of imazetiapyr @60 g a. i./ha (given on 

7 Nov 1991) and application of 2x20 g a.i./ha glyphosate at tubercle 

attachment stage (15 Apr and 5 May 1992). Although the overall 

infestation of Orobanche crenata in this experiment was low, the 

infestation was lesser in ILC 3279 than ILC 482, confirming past results 

(Table 6.1.2). Herbicide application did not have any trajor effect on 

crop yield, perhaps because of low infestation of Orobanche.
 

Table 6.1.2. Effect of preenmrgence application of itnizethapyr and post
emergence application of glyphosate on seed and total shoot
 
yield (kg/ha) of chickpea and shoot dry weight kg/ha) of 
Orobanche Tel Hadya 1991/92.
 

Treatment Chickpea yield Orobanche
 
Seed Total shoot dry weight
 

1LW 482
 
No herbicide 623 
 1445 3.0
 
Glyphosate 
 578 1088 11.0
 
Imazethapyr 
 398 1113 1.0 

ILC 3279
 
No herbicide 
 645 2006 2.0
 
Glyphosate 658 
 2105 1.0
 
Imazethapyr 459 
 1766 0.0
 
LSD (P=0.05) 246.1 494.3 6.03
 

ILC 482 (averaged over herbicide treatments) 4.8
 
ILC 3279 (averaged over herbicide treatments) 0.7
 

LSD (P=0.05) 
 7.91
 
.---------------------------------------------------------
No herbicide (averaged over genotype treatments) 2.30
 

Glyphosate (averaged over genotype treatments) 5.7

Imazethapyr (averaged over genotype treatments) 0.3 

LSD (P=0.05) 4.5
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6.3. Narban Vetch
 

Three control methodW were tested for integration: two sowing dates (6 and 

26 Nov 1991), twu genotypes (Acc No. 578 and 67) and three herbicide 

treatments (no herbicide, imazaquin at 20 of a.i./ha early post-emergence, 

2 x 20 g a.i. imazaquin late post-eergence). Single application of 

imazaquin was done on 17 Feb 1992 in both the genotypes. The two

application treatments were given on 30 Mar and 20 Apr in Acc No. 578 and 

on 2 Apr and 27 Apr in Acc No. 67. The effects of treatnents on seed and 

total shoot yield of narbon vetch and dry weight of Orobanche are shown in 

Table 6.1.3.
 

There was no major difference in the susceptibility of the two 

accessions of the narbon vetch to Orobanche. Delaying the date of sowing 

significantly reduced the Orobanche infestation. Also application of 

imazaquin once or tvn times reduced the parasite infestation
 

significantly. Single application of iiwizaquin at early stage of parasite 

attachrent caused significant increase in seed yield and total shoot yield 

of both the accessions of the narbon vetch at both dates of sowing by 

controlling the uarasite. Late application of the herbicide twice
 

although gave excellent control of the parasite but also reduced the crop
 

yield by causing phytotoxicity. 

6.4. Dry Pea
 

Two expeiriments were conducted. One dealt with the chemical control of 

Orobanche and the other tested the integration genotypic variation in 

parasite susceptibility with herbicide application.
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Table 6.1.3. Effect of crop genotype, date of sowing and herbicide 
application on the seed yield, and total shoot yield (kg/ha)
of narbon vetch and dry weight of Orobanche shoots (kg/ha),
Tel Hadya 1991/92. 

TPreatments 
 Narbon vetch yield GroL inche
 

Genotype 	 Sowing Herbicide Seed Total shoot dry wight
 
date
 

Acc No. 578 
6 Nov None 1132 3111 
 69
 

Imazaquin 1x20 2997 805i 0 
Inazaquin 2x20 365 1378 3 
------------------------.--------------------

26 Nov None 888 3327 0
 
Imazaquin 1x20 3012 7900 1
 
In-zaquin 2x20 423 1.112 0
 

. . .
 . .. . . . ..---------------------------------------------------------
Acc No. 67 

6 Nov None 187 1363 73 
Imuzaquin 1x20 1345 5346 0 
Irmizaquin 2x20 118 772 28
 

26 Nov None 291 1680 1
 
Irazaquin Lx2O 979 5147 11 
Inozaquin 2x20 232 953 0 

LSD P=C.05) 29.3 393.7 9.4 
----------- I-------------------------------------------------------

Acc No. 578 
(averaged over all other treatnents) 12 
Acc No. 67 (averaged over all other treatrments) 19 

LSD (T=0.05) 
 19.1
 

Sowing date 6 Nov (averaged --------------------------------------cver all other treatments) 29
Sowing dte 2C Nov (averaged over all other treatments) 2 

LSD (P=0.05) 
 24.0
 .........----------------------------------------------------------------.
 
No herbicide laveraged over all otiher treatments) 	 36
Imazaquin 20 g a.i./ha xi 
(averaged over al other treatments) 3
Imazaquin 20 q a.i./ha ,x2 (averaged over all other treatments) 8 

LSD (P=0.05) 
 18.2
 

In the chemical control trial effects of pre-energence (21 Nov 1991)
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early post-emergence (27 Feb 1992) and late post-emergence application (8 

and 27 Ppr 1992) application of im:rzeIiapvT; early and late pos--em-rence 

application of irinzacpiin and late post-,n-ijence application of glyphosate 

were studied on seed and shcoot hy w_, iq!ht of d-y pea, TMe results (Table 

6.1.4) sh(y,?d thiat early rvii;t erwa qieonce appl ic,ation (A 30 g a.i. 

imazaquin, rreemiv1enc, applicat ion Ai iWuethapyr at 60 g a.i./ha or 

early post -eragence application of this herbicide at 20 g a.i./ha 

resulted in significant increase in the yield of dry pea and significant 

reduction in h. parasi t, infestathion. Giychosate applied late post

emergence x0 y A. i. /i although teduoed tie parasite infestation but 

did not increase crop yield. Late post-emergence applications of 

imazaquin or iiazatha yr were not as effective in controlling the parasite 

as when applied ea-iy-post emergence. 

Table 6.1.4. 	 Effect of various herbicide treatmrnts on seed and total 
shoot yield (kg/ha) of dy pea and shoot dry weight of 
Orobanche Tel Hadya, 1991/92. 

Treatment 	 Dry pea yield Orobanche 
shoot
 

Seed total 	 shoot dry weight 

No. herbicide 53 766 41 
Imazaquin EP Ix3O g a.i./ha 491 2290 0 
Imazaquin LP I30 g a.i./ha 52 646 15 

Imazethapyr PRE W0 g a.i./ha 377 1422 0 
Imazethapyr EP 1x20 q a.i./ha 349 1568 7 
Imazethapyy LP 2,09 g a.i./ha 40 691 22 

Glyphosate P 2x60 9 a.i./ha 126 733 31 

LSD (P0.05) 223.3 540.5 14.3 
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In the integrated control trial two accessions of dry pea (Syria Local 

and ACC No. 290) with earlier know' differences in parasite 

susceptibil ity, v'.re evaluated with three herbicide treatmnnts: 1. no 

herbicide, 2. early post-enrence 17 FeD 1992) application of 20 g 

a.i./ha of irr-zacqin, ani 3. late rest-em:ence (8 and 27 Apt 1992) of 

2x20 g a.i./ha of imzaguin. 'T1he effects on crop yield and parasite 

infestation are shomi in Tle 6.1.5. 

Table 6.1.5. Effect of dry pea genotype- arid h,)bicide application on the 
seed and shoot yield (kg/ha) oufthe crop and the shoot dry
weight kc/ha) of Orchanche, Tel liciflya 1991/92. 

Treatnnts ! 


shoot dry
 

Cj-c,'i hi Orcbanche 

2enoty?7' Herbicide 
 Sed Total whot
i(-ight
 

Shlrian Local No he rbicide 
 ; 0 4.0
 
I::mazauin 1-,20 g a.i./ha 2-1 1323 0.0 
Imazacquin 2x20 g a.i./ha P6 '15, 13.0 

Acc No. 290 No. herbicide 
 173 581 27.0
 
Im7zaquin 1x20 g a.i./ha 306 1149 0.2 
Inmazaquin 2x20 g a.i./ha 273 1000 0.0 

LSD (P=0.05) 2,5.4 884.7 33.25 

Whereas no clear susceptibility differences %0a-renoticed amongst the 

two tested genot ,, s of dry pea, the ibna-zaquin application at eariy post

emergence resulted in significant incoose in the total shoot yield of dry 

pea crop. ':Ine seecs yield increase due to this treatment was not 

significant. 

K.-H. Linke and M.C. Saxena 
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7. INTERNALTIONAL TESTING PROGRAM
 

The intemational testing program on lentil, kabuli chickpea, lathyrus, 

vetches, faba bean and dry pea is a vehicle for the dissemination of 

genetic miaterials and ir rduction practices, in t.he- formprroved of 

inter.at io 1 sT~rws andi trials, to the n-tiona1 progar in and 

outside th- Wx lion. 'IThe segenetic M<terials cocTpr early seqlegating 

popul ations in F and P4generations, and elite lines with wide or spcific 
adaptaticn,srzciai :rrpholcqical or ciality traits, and resistance to 

comron bi,t:: aInd abiot ic st esses. The trialss)n injproved production 
,practi..>t- K.:with trh ran rluat ior of thr Rhi zobi iou lequxw symbiosis and 

weed o'.'~ o~rca,, on!y sent on request and often include 

gemwia. n c.c~~ifai~y developed fir a particular region or a national 

program. 

Thie testing prcxwrarn helps in identification of genotypes with specific 

and wide adaptation. The perfomance data periit esseslmant of genotype 

x envirorront interaction and help in targeting breeding efforts for 

specif ic aqi ciico I cal conditions. Through the agronctnic trials, 

research 5 e_ncoraced in the niational proxgrams on optitmum agrononic 
practices for different agro-ecoigical conditions to fully realize the 

yield r-otential of their cultivars. 

With shift i e1rphasis of ICAYVUA activities as per the last EPR 

(Fxtera Pi, rrjm Revi :w) reccm~rondation, the supply of all the yield 

trials and screen :ig n' rs,'rif.F; )f faba ban to the national prcqraws from 

iCkRL,'S eadqualter at tdlppo we. discontinued and two ntew international 

http:inter.at
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trials, Lathyrus Adaptation Trial and Vetch Adaptation Irial, were Sta Led 

two years back. In 19 92 , we supplied 1057 sets of 34 different types of 

trials and nurseries (Table 7.1.1) to various cmoxperating scientists in 52 

countries for conduct diudng the 1992/1993 season. Several cooperators
 

requestedx lare quantities of seed of elite lines, identified L, them from 

the earlier inteina-tjional nurseries/trials for multilocation yield testing 

and on- farm verification. 

The salient features of the 1990/91 international nursery results,
 

received from cooperators until 15 October 1992, are presented here.
 

7.1. Faba Bean
 

MDnly four nurseries were supplied for 1990/91 season. Nine locations 

.eported the cita on seed yield for Faba Bean International Screening 

Nursery - Dtelminate (FBIISN-D) . At most of these locations sam 

lete'MIate entries either exceeded or gave similar yield the localas 

chcck. The top five yielders across locationis includod lH3 1814 (the 

indeteimirate check , MLIP 34-243"<P F .1P 88 10573 FLIP 36-i09FB, and FLIP 

86-146FB2 the determinate entrps, and qave seed yild!"; of 4423, 2823, 
2331, 2075, and 2062 kg ia, sre ctiey. Te top i, oj te-inate 

line in thiis nursery gave 3".18% less yc eld than th* i ndete.inate high

yielding check, 11B 1814, revealing thit there was a need for further 

improvement in the yield potential of the determinate lines. 

The results on Faba Bean Interniational Asccohyta Blight Nu-sery 

(FEIABN), Fab Bean Intprnatirna] h1]-nate .p-o Nursery (FBICSN), and 

Faba Bean International Rust Nursery (EBIRN) were rep)rtced from 7, 6, and 
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Table 7.1.1. 	 Focal legume international nurseries 

1992/'X3 season.
 

International Trial/frsery 


Lentil
 
Yield PviTaL, !i"a-Seed (LIYF-L-93) 
Yield Trial, Viall-Seed (LIYr-S-93) 

Yield "'] I!, Fa-lly (LIr'F-E-93) 

Screening u'u'_;,-' 1 , Lige-ieed (LISN-L-93) 

Screeiinc N'rseiy, Sull-Seed (LISN-S-93) 

Screening "'u' ', Early (LISN-E-93) 

F5 Nurn E', 11.iiSe , (LIF 5 N-L-93) 

F, Nur-.', Sml Seed (LIF5N-S-93) 


Norsery Fay (IIFsN-E-93),
F'5 nse, ', odTl.rance (LIF5N-CT-93) 
Cold Miaiance Nursery 'LICIN- 93) 
Ascochyra -I t .sery (IIA!N-93) 
Fusarium -ilt N irsory I.PN-93) 
Rust MNrs'y ('N- 'V 

chickpea
 
Yield Trial Spring MV'' F JAsp-9V 

Yield Trial Winter, Mdikrranean Peqion (CIYT-W-MR-93) 

Yield Trial SM'OK";' ly i.-!1 Sid's-'1MIYT-SLl-93) 

Yield ilia! S u rV"" atudes2 CIY-SI2--93) 

Yield Trial A-i,- LI IA 93)
r-:,ui -

Screening Nurser'y Witnr MCISN W-03) 

Screening Nny ,Spring CISCN-Sp-92
' 
 other ly ILatit".-1
Screening 501se.. VCISN-SL-93)
Screening Nuw-ry, .''c rl !Ttudes-2 (CISN-SL2-93) 

Screenirg Nuw-sy, lin ;an''an "CNSN-LA-93) 
F, Nurse''y, t,'.-'a ',''cn (' N-MP-93)'P-gir 

FQ Nursery, S;=M,°rly [Ta=A"es RAI:N-SI.-93) 

Ascochyta Plirt N' r,:-" hu5 i (1JY'N-A-93) 
Ascochya Miser,: Muli & Disi (CIABN-B-93)'1:M 


Ma sqi7 9Wi 	 'MIN 'usarian4:
Leaf -Miner,,7iei (-I*' 3 

Cold TMo "ryce7170-93)
Nser 


Forage Legumes
 
Lathyrr.'s tizn Tr.iTrial M AT) 
Vetches Aiaptiqni: T'rial (iVA'F) 

Peas
 
Adaptaticn Trial (PIAT-93) 


MMrAL 

supplied for 	 the 

No. of sets
 

55
 
35
 
44
 
32
 
24 
38
 
15
 
12 
14 

5 
22
 
11 
25 
14 

46 
61
 
18
 
19
 
22 
52 
36 
15
 
18
 

21
 
28 
15
 

29 
38
 

45
 
15
 

37 

67
 
62 

67
 

1057
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5 locations, respectively. The sources of resistance (withratings < 4 
on
 

1-9 scale, where 1=free, 	9=killed) identified at various locations are
 

given in Table 7.1.2.
 

Table 7.1.2. 	Sources of resistnce (with rating < 4) to various diseases 
identified frOM variCous disease nurseries in Faba bean 
reported at different ]oations. 

Disease 
 Cotualt y (lcCation) 	 Sources 

Ascochvta blight Morocco (lar Bouazza) 	 A 8833 (1,83129) 

A 88218 (MPL 2144) 
A 883041 (3181-1)

Portugal (Elvas) 	 A 8815 tRPL 818) 
A 8835 (L83129)
A 88215 (NBL 2139) 
A 88304 (3281-1)

Tunisia (Ariana) A 8817 l-1) 
A 88175 (S83135) 
A 88187 fS 83135; 

(Ras Rajel) A 8817 (A2-1) 

Chocolate Sot 
Tunisia (Arnanza) B P8201(1111 3036) 

Rust 
Morocco (Zemmra) R 888 (BPL 263) 

R 8817 (801. 484) 
R 8827 (1,82014) 
R 8835 (P1 552) 
R 8842 BIPL 571) 
R 8846 BRPi588) 
R 8854 (BPI, 627) 
R 859 Ri,[663) 
SLL (1113 1814) 
8Thy, 40 (1113 365) 

The Faba Bean Weed Control (FBWCr) results %ore frpom1.dtro 3 

locations and the troat Ir ,t iffects for seed yield w-re significant. 

Yield loss due to ecu [2.0% 

there w,.!re no signif i cant d. ftI 

I un 1anq.Ato 66.1%. At (-,rd,.:-i in Spain 

*-,ncs 1'en 	 seed yi"lcis undor weedy 
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check and weed-free condition, showing that weed infestation, was low
 

there. None of the weed control treatments at Elvas in Portugal had
 

significant effect on yield. All the weed control treatments at Tajura in
 

Libya were significantly superior to the weedy check.
 

The results of Faba Bean Orobanche Control Trial (FBOCCT) from 

Cordoba in Spain revealed that herbicide treatments were not effective in 

controlling Orobanche. Similarly, the results of the Faba Bean 

Inoculation Response Trial (FBIRT) reported from Tajura in Libya, and 

Santa Catalina in Ecuador revealed the absence of fertilizer or
 

inoculation response.
 

7.2. Lentil 

For Lentil International Yield Trial-Large Seed (LIYT-L) data from 31 

locations were analyzed for seed yield. At Khroub, and Sidi Bel Abbes in ;; 

Algeria; Idleb, Breda, Gelline, Izra'a, and Tel Hadya in Syria; Ghazvin, 

Karajl, Karaj2 and Zanjan in Iran; and Terbol in Lebanon, some of the test 

entries exceeded the respective local check in seed yield by a significant 

(P=0.05) margin. On the basis of mean across locations the five heaviest 

yielding lines were 78S 26002, FLIP 87-16L, FLIP 88-6L, FLIP 85-38L, and
 

FLIP 84-147L.
 

Stability analysis based on the Eberhart and Russel (1966)- model for 

seed yield of LIYT-L entries revealed that both ean squares due to entry 

x location (linear) and pooled deviations (non-linear portion of genotype 

x environment irw'sraction) were significant (Table 7.2.1). The perusal of 

stability parameters revealed that the entries 78S 26002, FLIP 87-161, 
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FLIP 88-6L, and FLIP 85-38L had above average mean yield, regression 

coefficient greater than 1, and non-significant deviations from 

regression, ind--2ating thereby their specific adaptation to highthe 


yielding env.Lronments.
 

Table 7.2.1. ANOVA for stability for seed yield for the entries in LIYT
,., LITLT-S, and LIYT-E conducted during 1990/91. 

Source of variaticn LIYT-L LIYT-S LIYr-E 
DF MS(x03) DF MS (x10') DF MS (x0) 

Entry 
 16 148.01* 72 201.84* 14 337.33*
Location (linear) 1 223243.00* 1 168500.00* 1 145182.00* 
Entiry locat-ion (linear) 16 139.75' 22 73.55* 14 477.95*
Pooled deviation 374 50.69* 391 47.24* 150 '77.75*
Pcoled error 768 25.22 836 26.60 336 
 26.84
 

* Significant at P = 0.05. 

The results of Lentil International Yield Trial-Small Seed (LIYT-S)
 

from 22 locations revealed that at 8 locations namely, Dingxi in China;
 

To~entino in 
 Italy; Sonora in Mexico; amr' Breda, Gelline, Heimo, Izra'a, 

and Tel Hadya, in Syria, scme of the test entries exceeded the local check 

in seed yield by a sigrificant margin. The five heaviest yielders across 

locations ircludc. FLIP 89-25L, FLIP 89-20L, F7 I- 87-56L, FLIP 87-57L and 

FLIP 89-32L. Stability analysis for seed yield for the entries in LI'.T-S 

(Table 7.2.1) revealed thac both linear aild non-linear -.- iitJne:its of GXE 

interaction were important. Only three entries, FLIP 89-32L, FLIP 87-55L, 

and FLIP 87-26L having above-avera e yield p rfonri-nce, regression 

coefficient equal to 1, and nonsignificant deviaiions from regression, had 

general adaptation. A line FLIP 87-57L having aboje average mean yield, 

http:145182.00
http:168500.00
http:223243.00
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nonsignificant deviations fron regression and regression greater than 1. 0 

was a&dapted to high yielding environments. 

The results of Lentil International Yield Trial-Early (LIYT-E) from 

14 locations revealed that at 8 locations (Guelma in Algeria; Gansu in 

China; Tolentino in Italy; Sonora in Mexico; Tarnab and Faisalabad in 

Pakistan; Beja and El Kef in Tunisia) some 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 Precoz, FLIP
 

89-53L, FLIP 8-39L, FLIP 87-66L and FLIP 89-52L. Stability analysis of 

the entries tor seed yield in LIYT-E revealed that both entry x location
 

,linear) and deviations from regression (noniinear) were significant
 

(T.able 7.2.1). Only one entry, FLIP 87-66L had above-average yield, 

nonsignificant deviations from regression, and regressinn coefficient
 

equal to 1, and thus had a 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 were
 

reported from 18, 17, 25 and 12 locations, respectively. The analyses of 

data revealed that at 6 locations in LISN-L (Valdivia in Chile; Gazvin and 

Zanzan in iran; 'dleb and Celline in Syria; and Jubeiha in Jordan), 10 

locations in L.'SN-S (Gazvin, Zanzan and Bakhtaran in Iran; Terbol in 

Lebanon; Heimo. Gelline, and Tel Hadya in Syria; Beja and El Kef in 

unhisia and Hymana in Turkey), 10 locations in LISN-T (Tiaret and Guelma 

iii Algeria; Beja in Tunisia; Idleb, Heimo and Gelline in Syria; Terbol in 

Lebanon; Temuco -i Chile; Diyarbakir in Turkey; New Delhi in India), and 

5 locations in LISN-E (' rnab in Pakistan; Sclora in Mexico, Xining in 
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China, Tiaret in Algeria and Beja in Tunisia) sane of the test entries 

exceeded the respective local check by a significant margin (p< 0.05). 

The five heaviest yielding lines across the locations in these nurseries 

are given in Table 7.2.2.
 

Table 7.2.2. The five heaviest yielding lines across locations in 
different lentil screening nurseries, 1990/91.
 

Rank LISN-L LISN-S LISN-T LISN-E 

1 FLIP 90- SL FLIP 90-27L FLIP 88-1OL FLIP 91-26L

2 FLIP 90- 2L FLIP 90-26L 7)S 26002 FLIP 91-27L

3 FLIP 90-13L FLIP 89-37L FLIP 86-35L FLIP 91-28L
 
4 FLIP 90-12L FLIP 90-30L 81S 15 FLIP 91- 2L

5 FLIP 90-14L FLIP 90-42L 
 78S 26013 FLIP 86-39L
 

The results of Lentil International F4-Nursery Large (LIF4N-L), F4 -

Nursery Small (LIF4N-S), and F4-Nursery Early (LIF4N-E), were received fron 

4, 1, and 2 locations, resrectively. At all the locations some individual 

plant selections were made by the cooperators. 

The results of Lentil International Cold Tolerance Nursery were 

received from 3 locations, Nishabour in Iran, General Toshevo in Bulgaria, 

and Hymana in Turkey. The susceptible check was killed (rating=9) at 

Toshevo and Hymana. Two entries, ILL 662 and ILL 1878 at Toshevo, and 

four entries, ILL 52, ILL 662, ILL 1878 and Local check (Kislik Yesil 21) 

at Hymrrna showed tolerant iating (< 4). 

The results of Lentil International Ascochyta Blight Nursery were 
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received from Horsham in Australia. Five entries, ILL 358, ILL 2439, 78S 

26013, FLIP 84-43L and FLIP 89-52L showed tolerant reaction (rating <_5) . 

The results of Lentil International Fusarium Wilt Nursery were 

repucted from Gelline in Syria but there was no disease infestation there 

this season. 

The results of Lentil Weed Control Trial (LWCT) were reported from 

Elvas in Portugal. The AUOVA for seed yield exhibited non-significant 

treatment effects.
 

The results of Lentil International Rhizobium Inoculation Response 

Trial (LIRT) were reported from 4 locations, Tiaret in Algeria, Sonora in 

Mexico, Santa Catalina in Ecuador, and Karaj in Iran. But the treatment
 

effects were significant only at Sonora in Mexico, where the highest seed 

yield was obtained when inoculation was done with strain no 420. Strain 

no. 414 and 481 were next in the order. 

7.3. Chickpea
 

The seed yield data were analyzed for 20 locations for Chickpea 

International Yield Trial-Spring (CIYT-SP). A large number of test 

entries exceeded the respective local check by a significant margin 

(P=0.05) at four locations, namely Karaj in Iran, Tel Hadya in Syria, and 

Beja and Oued Meliz in Tunisia. The five best entries across the 

locations were LIP 88-45C, FLIP 88-68C, FLIP 88-24C, FLIP 88-62C, and 

FLIP 88-70C. 'The stability analysis (Table 7.3.1) revealed that only 

entry x location (linear) compnent was significant. The entries FLIP 89
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24C, FLIP 88-85C, FLIP 86-41C and FLIP 88-75C, with above average seed 

yield and regression equal to 1.0, had average stability. Other entries, 

FLIP 88-45C, FLIP 88-68C, FLIP 88-70C,FLIP 88-62C, FLIP 81-293C, FLIP 88

76C, FLIP 88-8C, and FLIP 88-16C, with regression greater than unity and 

above-average mean yield, were with specific adaptation to high-yielding 

environments. 

The seed yield data from 25 locations for Chickpea International 

Yield Trial-Winter-Mediterranean Region kIYT-MR) revealed that at 14 

locations namely Tessala in Algeria; Toshevo in Bulgaria; iarissa in 

Greece; Papiano in Italy; Rabba in Jordan; Jinderess, Idleb,Izra'a, Heimo 

and Hama in Syria; Beja in Tunisia; Antalya and Eskisehir in Turkey; and 

Terbol in Lebanon some of the entries exceeded the respective local check 

by a significant margin (P=0.05). five best entriesThe across locations 

included FLIP 86-5C, FLIP 85-93C, FLIP 85-44C, FLIP 85-5C and FLIP 86-2C. 

The ANOVA for stability for seed yield indicated that mean squares due to 

pooled deviations were not significant and those for entry x location 

(linear) were significant (Table 7.3.1). The entries FLIP 84-19C, FLIP 

85-75C, FLIP 88-68C, FLIP 87-95C and FLIP 81-293C had regression 

coefficient equal to 1, and seed yield more than the general mean, and 

were t.,as widely adaptable. The entries FLIP 88-45C, FLIP 86-41C, FLIP 

88-62C, FLIP 88-16C, FLIP 88-24C, FLIP 86-13C, FLIP 88-76C and FLIP 85

54C, had regression coefficient greater than ± and seed yield more than 

the general mean; they were thus responsive to favorable environments. 

The results of Chickpea International Yield Trial Southerly 

Latitudes-i (CIYT-SLI) was reported from 4 locations (Tres de Maio in 
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Braz 1; Ludhiana in India; Tel Hadya and Breda in Syria) but the treatment 

effectz were not significant.
 

Table 7.3.1. 	 ANOVA for stability parameters for seed yield for the 
entries in CIYT-SP, and CIYT-MR conducted during 1990/91. 

Source of variation ,IYT-SP CIYT-MR 
DF MS (xl03) DF MS (X10 3 ) 

Entry 	 22 ?25.78* 22 1017.46*
 
Location (linear) 
 1 535818.00* 1 2208620.00*
 
Entry x location (linear) 22 1141.474 22 6494.18*
 
Pooled deviation 276 81.35* 483 204.95
 
Pooled error 
 308 91.82 506 301.09
 

* Significant 	at P = 0.05. 

The results for Chickpea International Yield Trial Southerly 

Latitudes-2 (CIYT-SL2) were reported from 4 locations. threeAt 


locations, Santa Maria in Brazil, Chillan in Chile, and Breda in Syria 

some of the test entries exceeded the local check by a significant margin. 

The five heaviest yielding entries across locations included FLIP 88-78C, 

FLIP 88-50C, ILC 2566, ILC 856, and ILC 3116. 

The results for Chickpea International Yield Trial Latin American 

(CIYT-LA; with extra large seed were reported from 5 locations and ANOVA
 

for seed yield revealed that at Santa Maria in Brazil, Chillan in Chile,
 

Hermosillo (Sonora) in Mexico, and Tel Hadya in Syria, 1, 5, 4 and 6 test 

entries, respectively, exceecied the local check in seed yield by a
 

significant margin (P=0.05). five heaviest yielders acrossThe 	 locations 

included FLIP 	88-52L, ILC 464, FLIP 84-1SC, FLIP 88-58C and FLIP 88-40C.
 

http:2208620.00
http:535818.00
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The results of Chickpea International ScizLening Nurseries -Winter 

(CISN-W), -Spring (CISN-SP), -Southerly Latitudes-l (CISN-SLI), -Southerly 

Latitudes-2 (CISN-SL2) and -Latin America (CISN-LA) were reported from 31, 

27, 3,1, and 3 locations, respectively, and some of the test entries 

exceeded the local check by significant margins at 15, 10, 3, 1, and 1 

locations, respectively. The five best entries across locations are given 

in Table 7.3.2. 

Table 7.3.2. The five heaviest yielding lines across locatiorLs in 
different chickpea screening nurseries, 1990/91.
 

Rank CISN-W CISN-SP CISN-SL1 CISN-SL2 CISN-LA 

1 FLIP 89-108C FLIP 89- 93C FLIP 89- 34C FLIP 89-67C ILC 3377 
2 FLIP 89- 40C FLIP 89- 98C FLIP 89- 62C FLIP 89-68C FLIP 89-116C 

3 FLIP 89- 49C FLIP 89- 23C FLIP 89- 29C FLIP 89-63C ILC 97
4 FLIP 89-1i8C FLIP 89-I15C FLIP 89-114C FLIP 89-69C ILL 3367 

5 FLIP 89- 87C FLIP 89- 78C FLIP 89-125C FLIP 89-85C FLIP 89-87C 

The Chickpea International F4 Nurseries -Mediterranean (CIF4N-MR) and 

-Southerly Latitudes (CIF4N-SL) were supplied to cooperators for making 

plant selections under their own environmental conditions and for 

developing their own breeding materials. Several national programs made 

good use of these nurseries.
 

The Chickpea International Ascochyta Blight Nursery (CIABN) results 

for kabuli type were reported from 17 locations and for desi+kabuli type 
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from 12 locations. None of the entries (kabuli and desi) was tolerant to 

Ascochyta blight infestation across locations. Considering the frequency 

of occurrence of an entry arnng the tolerant group (with rating _ 4 on 1-9 

scale), two kabuli entries (FLIP 83-71C, FLIP 84-137C) appeared best and 

were fol lood by ILC 3279, ALIP 84 -79C, FLIP 84-83C, FLIP 84 -93C, FLIP 84

102C, FLIP 84-I12C, and FLIP 85-133C which each occurred 9 times in kabuli 

types. These en ies thus exhibited broad-based resistance to Ascochyta 

blight. Similarly, anung desi lines FLIP 87-507C, FLIP 87-508C, and FLIP 

87-510C exhihi-iied brcxid-lbais-d resistance. The differential reaction of 

lines at various piaces further revealed the presence of variability in 

the pathogen. 

The results of Chickpea International Leaf miner Nursery (CILMN) were 

reported frarn four locations Karaj in Iran, Terbol in Lebanon, Tel Hadya 

in Syria and Elvas in Portugal. At all locations the susceptible check 

took a score betwee~n 7 and 9 on 1-9 scale (1=free, 9highly susceptible). 

Out of 30 test entries, three entries, ILC 5591, ILC 5641 and ILC 5901, 

were rated between 1 and 5 across locations and thus possessed resistance. 

The results of Chickpea International Fusarium Wilt Nursery (CIFWN) 

were received from 4 locations. Out of 30 test entries, 25 entries at 

Guelrra in ilgeria, thr-ee entries at Beijing in China, 17 entries at Adana 

in Turkey and 8 entries at Tajura in Libya took the rating of 5 or less 

and were tolerant. Only one entry FLIP 84-43C was tolerant across all 

locations. 

For Chickpea International Cold Tolerance Nursery (ClCIN the cold 
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tolerance reaction was reported from five locations. All the 40 test 

entries at Tel Hadya and Breda in Syria; 23 entries at Diyarbakir, 14 

entries at Erzurun and one entry at Hymana in Turkey, were rated at < 5 

and were tolerant. Across locations, the entries IIC ]455, ILC 1463, ILC 

2772, 1iC 3287, 11kW5609, MC 5658, ILC 5668, ILE 5671, FIP 86-85C, FLIP 

87-3C and FLIP 87-69C occurred most frequently among the cold tolerant 

lines.
 

The data on Chickpea Weed Control Trial (.lICT) was reported from four 

locations. The ANOVA for seed yield revealed the presence of significant 

differences between treatment means at El Safsaf in Libya and Elvas in 

Portugal and the yield loss due to weeds for these locations varied from 

44.4% to 71.6%. Treatments T12 [pre-emergence application of 

nmthabenzthiazuron (Tribunil) at 3.0 kg a.i./ha , pronamide (Kerb) at 0.5 

kg a.i./haj, T9 [pre-emergence application of terbutryn (Igran) at 3.0 kg 

a.i./ha plus pronamide (KtrbL at 0.5 kg a.i./ha] at Elsafsaf in Libya; and 

F9 [pre-eriergence application of Terbutryn (Igran) at 3.0 kg a.i./ha plus 

prona nide (Kerb) at 0.5 and T11kg a.i./ha] [pre-emergence application of
 

chliorobromuron (Maloran) 
 at 2.5 kg a.i./ha plus prcncanide WKerb) at 0.5 kg
 

a.i./haj at Elvas in Portugal, were among the superior 
 treatments
 

excelling the weedy 
 check by a significant margin. 

The results of Chickpea International Rhizobium Inoculation Response 

Trial (CIRT) were reported from three locations (Setif, Tiaret culd Qued 

.Snar in Algeria) . The differences between treatments for seed yields, 

were however, significant only at Tiaret in Algeria. The treatment with 

Strain No. 39 gave tV_ highest seed yield and was follo.Aed by the 
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treatment including Strain No. 31 and Strain No. 44 which i :elled the 

control (with application of 60 kg of KO and 80 kg of P2C0) in seed yield 

by a significant (P=0.05 margin. 

7.4. Forage Legumes
 

The Ljmhvns and vetch adaptation trials were supplied to cooperators for 

the first tim for 1990/91. The results for Inte nationa LaTithy s 

Adaptaion Trial (HA) were received from 3 l'cat ions TI'. Hadya in Syria, 

Ankara in 'Rukt y, and Saida in Algeria). At two locations (Ankara in 

Tn-key and Saida in Algeria) 23 and 16 test entries exceeded the local 

check in seed yield by a significant marjgin. Fiv, ivst lathyrus entries 

across locations included three L. sat ivns accessions !Acc. No. 127, Acc 

No. 188 and Acc No. 347) and two L. cicera accessions (Acc No. 135 and Ac 

No. 121) with seed yield of 1712, 1708, !62 r , 1625 and 1592 kg/ha, 

respect ively. 

The internatiorl Vetch Aaptation Trial (IVAT) was reported from 

five locations, Saida and Sidi Bel Abbes in dgeria; IXaraine in Morocco; 

Tel Hadya in Syria; and Ankara in Tu-key. At three Ic-ations Sidi Bel 

Abbs, Dtorvane, and Tel }{adya, 12, 2 and 12 test entries exceeded the 

respective local check by a significant margin. This trial included 17 

accessions of V. sativa and 6 accessions of V. arbnensis. 'The five 

highest yielding entries across the locations belonged to V. natbonensis 

and included Acc Nos. 573, -565, -568, -574, and -577 with seed yields of 

2480, 220y, 2261, 2177, and 2167 kg/ha respectively. kncng V. sativa, the 

highest yielding entries included, Acc Nos. 2541, -1361, and -705 with 

seed yields of 1805, 1698, and 1677 kg/ha, respectively.
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7.5. Dry Pea 

The results of Pea International Adaptation Trial (PIAT) were reported 

from 11 locations. At seven locations, namely, Athalassa in Cyprus; Al 

Ghab, Heim, Idleb, and Gelline in Syria; Beja in Tunisia; Tajura in 

Libya, some of the test entries exceeded the local check by a significant 

(P=0.05) margin. The five best entries overall locations included, Local 

selection 1690, PS 210713 Syrian Local Aleppo, Collegian and PS 21688. 

The ANOVA for seed yield for stability parameters based over seven 

environments revealed that six entries nanmly PS 210713, Syrian Local 

Aleppo, Collegian, PS 210688, 43102702, and LE 25, with above average 

yield performance, and deviation approaching zero, had average stability. 

Table 7.6.1. 	 Legume cultivars reported as released during 1992 by the 
national programs. 

Crop and Country Cultivar 	 Specific features 

Kabuli Chickpea 

France Roye Rene (FLIP 84-188C) Cold, blight resistance 

Morocco FLIP 83-48C 
FLIP 84-92C 

large seed, 
Large seed, 

blight resistance 
blight resistance 

Pakistan Noor 91 (FLIP 81-293C) High yield, blight resistance 

Turkey Aydin 92 (FLIP 82-259C) 
Menemen 92 (FLIP 85-14C)
Izmir 92 (FLIP 85-60c) 

Large seed, blight resistance 
Large seed, blight resistance 
Large seed, blight resistance 

Lentil 

Iraq 78S 26002 (ILL 8) High yield, easy for machine 
harvest 

New Zealand 	 ILL 6243 High yield, red cotyledon 
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7.6. Identification of Superior Genotypes by the NARS
 

'Menatioal prcxram scient ists paticipat-ing in the Legurre International 

n:rest Pr-_:or:m lentif i. d and I ~t-I-j the release of seven cultivars of 

chick!iK, aini tw_) of !-entil d-ring 199.'/92 (Table 7.6.1). n addition, 

seve!,a! 7 i :I- ; ,, - T if ied foi mu ItiIccation test irig, on-- farm trials or 

Pre- I - ,r ic1, n.i-ti Also a large numb. r of lines resistant to 

various st esses v -e identified and they are b-3ing used for direct or 

indirect explol tatlon. 

National Program Scientists, R.S. Malhotra, D. Beck, W. Erskine, S.
 

Hancunik, L.D. Robertscn, M.C. Saxena, K.B. Singh and S. Weigand 
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8.* OLABOATI PRI~JE'S 

8.1. Nile Valley Regional Program 

8.1.1. Egypt 

Research was continued during the 1991-92 season with special project 

funding fra the Cbwnission of European Cmunities (EEC). The cropping 

season was characterized by abnormally low temperature in Decerr er, 

January and Febriary during which it reached as low as 00 C. 

8.1.1.1. Faba bean
 

The early epidemic of faba bean yellow necrotic virus (FaYNV) seriously 

damaged faba bean crops of farmers in El-Minia and Bani Suif. This not 

withstanding, the faba bean area and productivity in Egypt have shown a
 

steady increase in the last five years. The area in 1992 was 138,625 ha
 

with an average seed yield of 2.47 t/ha.
 

The pilot production-cum-demonstration prcgrani was continued during 

the 1991/92 season, with 110 sites in Minia, 45 in Fayoum, 16 in Beheira
 

and four in Kafer El-Sheikh governorate to ccupare an improved production 

package with the practices adopted by the neighboring farmers. Ten 

different sets of inproved production packages were used depending on the 

region and production problems. As an average of all the demonstrations
 

in Minia and Fayoun, the improved package increased the seed yield by 0.24 

t/ha (29%) (40%)and straw yield by 0.11 t/ha over the farerIs practice. 

In Behaira and Kafer El-Sheikh the corresponding average increases were 

0.64 t/ha (21%) for seed and 0.7 t/ha (li%) for straw.
 

p} 
 :
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The pilot production-cure-demonstration plots in Minia (using improved 

cultivars Giza 402 and Giza 2 , sown in early November at a seed rate of> 

184.5 kg/ha with a fertilizer application of 35.7 kg N and 71.4 kg P2C /ha, 

weed control by hand or herbicide, aphid control with Pirimor if needed, 

and optimum water management) gave an increase of 38% inseed yield and 

3.5% in straw yield over the neighboring farmers. These increases were 

highly economical.
 

In Beheira ard Kafer El-Sheikh governorates where chocolate spot 

disease is common, the newly released disease-resistant cultivar Giza 461 

was demonstrated on 12 sites. As an average of both governorates, the new 

cultivar yielded 21% more seed and 11% more straw as compared to standard 

commercial cultivar Giza 3. Another improved cultivar Reina Blanca (Giza 

5), which has some tolerance to foliar diseases, gave a seed yield of 3.6 

t/ha as against 4.0 t/ha by Giza 461 and 3.3 t/ha by Giza 3. 

In Minia, the reccmmended sowing method, involving minimum tillage 

using rotovator to cover seeds, increased faba bean seed yield by 0.14 

t/ha (25.4%) and straw yield by 2.61 t/ha (36.4%) giving an increase of LE 

454/ha in the net benefit.
 

In the Orobanche-infested areas of Minia and Fayoum, 25 

demonstrations of integrated Orobanche control were done based on the use 

of Orbche tolerant Giza 402 cultivar and glyphosate. Plots in both 

governorates showed that, a reduced rate of glyphosate use (95.2 ml 

Lancer/ha in 500 liters of water at flowering stage and again 15 days 

later) in corbination with foliar application of mineral nutrients (1% N, 
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1% P and 2%K) was more effective in reducing the Orobanche infestation ai,d 

increasing yields ccopared with the earlier recommended rate of glyphosate 

(179 ml of Lancer/ha) which sometimes causes phytotoxicity. The seed 

yield increased by 46% in Minia and 45% in Fayoum and the r qp ctive 

increases in the straw yield were 18% and 33%. The recomended package 

reduced both the number and dry weight of Orobanche spikes and it was more 

economical than the old recomrendation (Table 8.1.1). 

Table 8.1.1. 	 Marginal rate of return in the Orobanche control 
demonstration plots and the neighbouring farms in Minia, 
1)91/92. 

Demonstration 	plots
 
Cost/benefit items Neighbouring High rate Reduced rate 

faiths of glyphosate of glyphosate 
+ nutrients 

Total variable cosc (LE/ha) 1468 1540 1516
 

Seed yield (t/ha) 	 0.38 0.83 1.07
 
Straw yield (t/ha) 7.64 8.68 10.20
 

Revenue (LE/ha) 
From seed 	 613 1339 1726
 
From straw 	 611 694 
 816
 
Gross benefit 1224 2033 2542
 

Net benefit (LE/ha) -244 4F.3 1026 
Difference in net benefit 737 1270
 
Difference in variable cost 72 48
 

Marginal rate 	of return 10.2 26.5
 

The researcher-nanaged on-farm trials focused on interclopping of 

faba bea with sugarcane in Minia and with sugarbeet in Beheira and Kafer 

El-Sheikh. Also agronomic practices for the newly released cultivars Giza
 

461 and Reina 	Blanca (Giza 5) in Beheira and Kafer El-Sheikh governorates 
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and improved Giza 2 in Fayoum were evaluated. In Minia, intercropping of 

three rows of faba bean in between two rows of autum-sown sugarcane 

giving 25-27 plants of faba bean/? produced highest seed yield caparedl 

with single row of faba bean which gave a faba bean density of 19 plants/m 

(Table 8.1.2). Inoculation of faba bean with Rhizobium culture before 

sowing gave a significant and economic increase in yield of faba bean in 

this system over uninoculated seed. 

Table 8.1.2. 	 Marginal rate of return of intercropping package of faba 
bean with autumn-planted sugarcane in Minia, 1992. Data are 
mean of six dennstrations. 

Cost/benefit items 
 Farmers Recommended
 

package package
 

Total variable cost (LE/ha) 3015 
 3452
 

Sugar cane yield (t/ha) 98.27 109.05 
Faba bean seed' yield (t/ha) 1.27 1.59

Faba bean straw yield (t/ha) 2.47 4.29
 

Revenues (fE/ha)
Sugar cane 58S6 6543
 
Faba be-an seed 
 2048 2565
 
Faba bean straw 198 343
 
Gross benefit 
 8142 9451
 

Net benefit (EL/ha) 5127 5999 
Difference in net benefit 872
 
Difference in variable cost 
 437
 

Marginal rate 	of return 2.0 

The two newly released faba bean cultivars Giza 461 and Reina Dlanca 

were used for intercropping in sugarbeet fields in Kafer El-Sheikh 

Govc rnorate. One row of each of these cultivars was sown on the opposite 

side of the 90 cm spaced ridges of sugarbeet one month after sowing 



287 

sugarbeet. This was ccpared witn -urecrop of sugarbeet. Intercropping 

did not reduce sugarbeet yield and the yield of faba bean was 565 and 463 

kg seed/ha for Giza 461 and Reina Blanca respectively, resulting in an 

increase in the net income by 442 and 331 LE/ia respectively, over the 

pure crop of sugarbeet. The improved Giza 2 (selection fron old cultivar 

Giza 2) exceeded the farmer cultivar Giza 402 by 19% and 2j for seed and 

straw yields, respectively in 23 demronstrations .u. Fayoum. 

Tniree researcher-managed on-farm trials in newly reclaimed area in
 

the Minia govetnorate (Samalot district) evaluated the performance of five 

promising faba bean cultivars (Giza 2, Giza 402, 311/1170/81 and Reina 

Blanca ! with three plant densities of 17, 25, and 33 plants/n2. The new 

genotype 311/1170/81 outyielded other varieties, while across entries 

seed rate of 25 plants/rn gave the highest seed yield under this condition. 

Back-up research was conducted on breeding, agroncmty, pathology,
 

entomology, microbiology, Orobanche 
 and weed control, soil fertility and 

plant nutrition, and nutritional quality. The major highlights are 

presented here, whereas details of 
these studies are available in the 

"Annual.Report of the Nile Valley Regional Prcgram - Egypt for 1991-92".
 

Results of multilocation yield trials in Sakha and Nubaria (north 

Delta) and Giza and Sids (middle Egypt) over the last three seasons (1990

1992) showed that faba bean line 900/672/89 combined resistance to 

chocolate spot and high yield. It is, therefore, likely to be recomnended 

for release.
 



288
 

Seventy nine faba bean lines were tested for chocolate spotF7 

resistance, 15 lines were markedly ri.sistant and six families combined 

foliar disease resistance with high seed yield. To identify the mechanism 

of chocolate spot resistance in faba bean, a study was conducted in 

pathology laboratory at Giza using resistant and susceptible culcivars. 

The resistant entrie~s Gizn 461 and ILB 938 produced high levels of 

phytoalexins, had low concentration of carbohydrates and showed presence 

of Trichoferma sp. (antagonistic agent) on the leaf surface which reduced 

.,pore germination and germ tube length of Botrytis fabae. Seven lines 

showed tolerance to Orobanche at Giza. Twenty three families recorded 

la. r aphid infestation rates than the check cultivar Giza 402 in 

laboratory screening at Giza . The lines 739/849/90 and 749/946/90 showed 

high resistant reaction to aphids. All these lines were selected for 

further evaluation.
 

In weed control study at Sakha research station, pre-errergence 

application of Igran at 2.38 kg a.i./ha gave better eed control and 

highest seed yield. Combination of pre-emergence application of Igran 

with Fusilade at 0.3 kg a. i./ha applied post-emergence gave better control 

of annual grasses such as Phalaris sp. In the calcareous soils at
 

Nubaria, Reina Blanca faba bean showed a significant increase in seed 

yield by 3 sprays7 of 2- P20 (at 30, 60 and 90 days after sowing) ccmpared 

with a soil application of 35.7 kg P20 /ha.
 

The program paid special attention to the multiplication of seeds of 

new cultivars, and 755 t seed of Giza 461 and 155 t seed of Reina Blanca
 

were processed for 1992/93.
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8.1.1.2. Lentil 

Lentil was grown on 6400 ha in Egypt in 1991/92 with an average of 2.0
 

t/ha. Recent lentil demonstration efforts have encouraged faners in the 

Delta region to produce the crop, and now nearly 50% of Egypt's lentil 

area is concentrated in the Delta region specially in the Sharkia, 

Dakahlia and Kafer El-Sheikh governorates. The major constraints to 

lentil production there are inappropriate water management, diseases, 

aphids and weeds. 

The pilot-production-cur-demonstration program was continued during 

the 1991/92 season, with a total of 61 demonstrations (25 at Sharkia, 1.1
 

at Dakahlia, 15 at Kafer El-Sheikh and 2 at Beheira and 5 .t Assiut 

governorates) to compare an improved prcduction package with the practices 

adopted by the neighboring farmers. The improved package involved one 

irrigation 4 weel-3 after sowing, seed rate of 95 kg/ha, fertilizer at the
 

rate of 35.6 kg N/ha and 71.4 kg 
 P205/ha, weed control using Gesagard at 

the rate of 2.5 kg a.i./ha as pre-emergence application, control of downy
 

mildew using Ridcmil-Mancozeo 58 WP at 205 g/100 1 and aphid control using 

Pirimor. The yield in demonstration plots over nejqhgDring farmers was
 

14%, 67%, 11%, 76% and 36% higher in Sharkia, Kafer El-Sheikh, Dakahlia, 

Beheira and Assiut, respectively. Over all the demonstrations, the 

reco nnnded package increased the seed yield by 35% aid straw yield by 17% 

over neighboring farners with high economic retuLrns. Tne profitability of 

lentil increased by 8.9, 67.6, 46.0 % in Sharkia, Kafr El-Sheikh and 

Assiut because of the improved package.
 

Researcher-anaged on- farm trials focused on seeding rate, irrigation 
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methods and disease control for lentil for different cropping systems. 

Irrigation study showed that two surface irrigations (20 and 50 days after 

sowing) resulted in a significant increase in seed yield (31%) over 

farmer's practice of one pre-sowing irrigation simulating Nile flooding.
 

The results of four researcher-managed on-farm trials at Sharkia and 

Dakahlia showed that using the fungicide Ridomil MZ (3 sprays, at the rate 

of 200 g/100 1) was more effective to control Downy Mildew than using of
 

Sandovan at the same rate. The results showed also that high plant 

density under high seeding rate of 143 kg/ha increased disease infection 

when cospared to a lower seed rate of 95 kg/ha. 

Back-up research in lentil was conducted on breeding, agronomy and 

microbiology. The breeding program identified 23 promising entries out of 

118 tested entries introduced from ICARDA as they outyielded the best 

check. Four genocypes (ILL 813, EL 42, FLIP 90-22 L and FLIP 90-26 L) 

showed high resistance to root rot in the disease-sick plot. The major 

seed- borne pathogens associated with seea were Fusarium sp. and
 

Rhizoctonia solani. 

Screening lentil genotypes under rainfed conditions at the 

Northwestern Coast of Egypt was conducted with 15 entries. The variety 

"Precoz" was the most: prcmising entry and it exceeded in seed yield the 

two local cultivars Giza 9 and Giza 370 by 104%6 and !43%, respectively. 

Evaluation of eight lentil cultivars for their nitrogen fixation ability 

using 15N techrique at Mallawy research station showed that the percentage 

of plant nitrogen derived from the atmosphere ranged from 45.9 to 53.3%, 

with Giza 9 recording the highest value. 
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Pre-release purification and multiplication of seed of three
 

pronising entries Precoz, Giza 29 and H5/6/81 was done. 

8.1.1.3. Chickpea 

As there is a great interest in introducing chickpea crop in northern 

Egypt, demonstrations were conducted at three locations in Assiut (the 

traditional chickpea area) and in the newly reclaimed areas in Beheira and 

Alexandria governorates using an improved production package ccprising 

chickpea Iine 531, a seed rate uf 95 kg/ha, and inoculation with Rhizobirm 

(ICARDA strain 44). On the average, the itrprcved package gave 43% 

increase in seed yield over the neighboring faImer and this increase was 

highly economical. Mhe increase was higher in the new land in Alexandria 

(44.8%) than in Beheira (28.4%). 

In the researcher-managed on-farm trials in Quena, Assiut, Fayoum, 

Beni Suef, Is.aillia, NorThwestern Coas't and Beheira governorates, two 

breedino lines (L70 and FLIP 84-80C) outyielded the farmers' check 

cultivar by nearly 29.8% and 18.8%, respecJvely. 

In the back-up research on breeding, 20 accessions were identified 

and selected for further evaluation. Two F4 lines from ICARDA; x89 7T1 192 

and x89 TH 411 had early flowering, high vigor and high seed yield equal 

to the yield of the local cultivar Giza 88. Inoculation with Rhizobium 

caused significant increase in yield over uninoculated check and nitrogen 

application. 

National Scientists fran Egypt 
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8.1.2. Ethiopia 

The research work under the Nile Valley Regional Program in Ehtiopia was
 

continued in 1991/92 season with the special project funding from Swedish
 

Agency for Research Cooperation (SAREC) . Research was carried out on faba 

bean, lentil, chickpea and dry pea, the important highland pulses in 

Ethiopia.
 

8.1.2.1. Faba bean
 

Pilot-production-cm demonstration program was conducted in the high and 

mid-altitude regions of Central Zone of Shewa. Demonstrations on 22 

locations in the high-altitude region using 20 DK genotype at 200 kg 

seed/ha, 100 kg DAP/ha (Diamonium phosphate) and hand weeding twice 

resulted in yield levels ranging from 1.56 to 2.60 t/ha with an overall 

mean of 1.95 t/ha as against the faimers' yields ranging from 0.4 to 1.40 

t/ha. The overall economic benefit over farmers' practice was 99.8% 

(about 939 Birr/ha) and the marginal rate of return (R) on investment 

was 329%. Demnstrations on 9 sites in the mid-altitude area of the 

Central Zone of Shewa using cultivar NC 58, showed a 34-65% increase (mean 

51%) in yield (0.68 t/ha increase) over fan ers' method with an additional 

net benefit of 603 Birr/ha and a MR of 287.1%. 

Back-up research focused on breeding, agronomy, pathology, 

entomology, microbiology and human nutrition. B3sed on good performance 

over seasons in miltibcation testing, lines ALAD 160 and Coll. 111/77 are 

in final verificcaticn for release to farmers ii the high-altitude areas. 

Similarly, MKI illubor and NEB 207x74 TA-6D are to b2 considered for 

release for medium-elevation areas. In the breeding program, 220 single 
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plants derived from one-way crosses and 131 single plants from mixed
 

pollination of F2 generations were selected for further evaluation. In
 

variety trial (A-set), the entry, PGRC/E 20317-1 gave the highest harvest
 

index value. The national varietal trial (B-set) identified TA 26026-1

2-1b as most promising entry with a mean seed yield of 4.43 t/ha across 

3 locations (De-b3i, Kulunesa and Asasa). Development of 22 pure lines of 

faba bean was done in isolated mesh cages. 

Buck-up research in agronomy investigated the yield effect of method 

and rate cf seeding, rate of seeding and weeding frequercy, and 

application of N and P fertilizers. Row sowing was better than broadcast 

seeding, and a seeding rate of 200 kg/ha appeared optimum at both Bekoji 

and Kulumsa. Twice hand weeding at 35-40 days at 60-65 daysand after 

emergence increased the faha bean yields significantly over unweeded check 

and one hand weeding. Application of 9 kg N/ha and 49 kg P/ha gave the 

highest overall seed yield of 5.28 t/ha in Kulumsa location.
 

Results of surveys made in Bale highlands to assess the disease 

situation in faba bean revealed that chocolate spot and nist infestation 

was ccmon. A total of 575 faba bean lines were screened for chocolate 

spot and rust at Holette and Denbi. Six entries were rated as tolerant to 

chocolate spot. Early sowing reduced the damage from chocolate spot. For 

rust, most lines were toleLant and will be retested in coming season. In 

a study of the effect of plant age and soil noistuire content on 

developmeant of black root rot in faba bean, early seedling stage was more 

sensitive than other stages. Percentage of wilted plants increased from 

30% in normal moisture soil to 85% in saturated soil. Aphis craccivora 
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and Helicoverpa armigera were the major insect pests but their infestation
 

was not very high. Evaluation of various faba bean Rhizobium strains in
 

Vertisol was made in Holleta. The highest dry matter accumulation was
 

obtained from nitrogen application of 120 kg/ha followed by inoculation
 

with strains 64, 50, and 51.
 

8.1.2.2. Lentil
 

Demonstration of improved production package of lentil, comprising 

improved variety Chalew (NE 358), 70 kg seed/ha, mid-July sowing date and 

one hand weeding, was done at 17 sites in Ada, Shenkora and Gimbichu in
 

Cen.ral Ethiopia. The improved package gave 63% increase in yield and an 

additional net benefit of 1129 Birr/ha with a marginal rate of return oL 

312% (Table 8.1.3). Oth-farm verification of pea aphid control in lentil
 

at 3 locations in Shewa region showed that Pirior 50% WP at 1 kg 

product/ha or Dimethoate 40% EC at 725 nil/ha increased seed and straw 

yield of lentil NEL-3rS over unsprayed check, with marginal rate of return 

of C19% for Dirnethoate and 117% for Pirimor. 

Table 8.1.3. 	Average seed and straw yield (t/ha) of improved and 
traditional package of production of lentil in Ada, 
Shenkora, irrbichu areas in Ethiopia, 1991/92. 

Location Improved package Traditional mokage Seed increase 
Seeil Straw Seed Straw over fanier % 

Ada 6.91 2... 0.6( 1.94 52 
Gimbichu 0.95 2. 2 0.U 2.63 58 

,
Shenkora I. 0 2.Or 0.56 2.29 83 

Net benefit (average over the locations) 
Irmroved package: 1129 Birrs/ha 
Traditional package: 850 Birrs/ha 

Marginal rate 	of return- 312% 
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Back-up research in breeding included evaluation of 39 promising 

lines under four environmental conditions (Alem Tena, 1600m; Debre Zeit 

1900m; Chefe Donsa, 2450m; and Sinana, 2400m). FLIP 89-63L, FLIP 86-SL, 

87S-93518 and local check showed wide adaptation, and yield levels ranging 

from 2.30-2.43 t/ha. As a result of good perfounance over seasons and in 

multilocation testing, the rust resistant lines FLIP 84-78L, FLIP 84-112L 

and FLIP 89-74L are in prerelease evaluation. In screening for Ascochyta 

blight resistance and rust resistance, 36 lines showed high level of 

resistance to both diseases. Four ICARDA lines w.Aere free from Ascochyta 

blight infection.
 

Waterlogging is One of the major production constraints of lentil on 

heavy soil. 
 A trial was therefore continued this season at Akaki and 

Pebre Zeit to cpiare the planting of lentil on broadbeds with furrow 

(BBF) vs. ridge and furrow (F] planting. At the heavy soil sites of 

Akaki, the yield was significantly higher in BBF method of sowing compared 

with the RF Tlmthod, Lecause the ridges get washed out due to rain and do 

pe mit as good a drainage as BBF systemnot (Table 8.1.4). In other 

study, resu ts sho'ed no effect of various seed rates on grain yield of 

lentil planted on eit her BBF or P at Akaki. Hand weeding at 30 and 60 
days after sowina gave good weed control and increased yields 

signifIcantly over weedy check. 

In the survey of lentil diseases in the major lentil growing area in 

Shewa rejion, the major diseases observed root (causedwere rots by 

Fusarium oxysponi, Rhizoctonia solani and Sclerotium_ rolfsii), rust 

(caused by Uromyces fabae), Ascochyta blight (caused by Asgochyta lentis), 

http:2.30-2.43
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Alternaria blight (caused by Alternaria altenata) and powdery mildew 

(caused by Oidium spp.). Laboratoij, diagnosis showed that 68.3% of the 

root rot/wilt fungi was Fusarium oxysporum and 2.5% was Rhizoctonia 

bataticola.
 

In the field survey on insect pests, green pea aphid (Acyrthosiphon 

pisum Harris) was the major pest, particularly in western Shewa. In 

eastern Shewa predator.s Coccinela larvae and S9lhid fly larvae were 

reco-rded preying on green aphids.
 

Table 8.1.4. 	Effect of different methods of seed bed preparation on the
 
mean seed and straw yield (t/ha) of lentil over 1989-91 at
 
three Vertisol locations in Ethiopia.
 

Seed yield Straw yield 
Location Broad bed Ridge & Broad bed Ridge & 

& Fu-row Frrow & Furrow Furrow 

Akaki 	 1.57 1.04 3.50 2.75 
LSD (P=0.05) 0.220 0.210
 
CV () 33.3 17.3
 

Debre Zeit 0.90 0.87 3.89 3.43 
'SD (P=0.05) NS 0.280 
CV (%) 15.3 16.6 

Dembi 1.14 1.16 4.13 3.67 
LSD (P=0.05) NS 0.260 
CV (%) 14.5 16.6 

8.1.2.3. Chickpea
 

Evaluation of Improved production package (improved chickpea variety 

Mariye, sown at a seed rate of 90 kg/ha in the end of August to early 

September, and one hand weeding) on farmers fields was done on 20 

locations in 	 Gimnbichu, Shenkora, Tullubo'lo and Ginchi areas of Shewa 
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administrative region. In all locations, improved package gave higher 

seed yields (39% increase) and an increase in net benefit of 293 Birr/ha 

over the fariers package. 

In the backup research, yield testing of kabuli lines revealed that 

lines ICC 12339, 12428, and 12703 were high yieleing and highly resistant 

to wilt/root rot diseases. A suivey of different chick-pea diseases in 

Shewa administrative regions revealed that wilt/root rot and stunt were 

most widespread. Stunt was more widespread at flowering stage and the 

incidence was higher when plant stand was low. Wilt was incited by 

Pusarium oxysporun f .sp. ciceri, wet rent rot by EPLizoctonia solani and 

collar rot by Scierotium rolfsii. A wilt and root rot-sick plot has been 

developed at Dabre Zeit aid a total of 192 local and exotic accessions 

were screened for resistance to both diseases. Most accessions showed 

high level of resistance to root rot, while only 9 entries had stunt 

infection less thin 10. 
 All these premising accessions will be retested
 

in the cocdng season.
 

The insect pests found attacking chickpea were cutworm (Arotis 

ipsilon) and (Helicoverpa armigera) in region.Shewa Tlhe damage from pod 

borer ranged from 211 at Madjo to 53%at Tefki. Cutworm was recorded as a 

seedling pest of chickpea in eastern and western Shewa, causing 5-7% loss 

in seedling E' and. Survey showed that cutworm was more co"Mon in the low

lying areas.
 

Studies for three seasons en seed bed preparation on heavy Vertisols 

confired the advantage of broad bed-furrow over flat sowing in increasing 



298 

chickpea yields by ensuring better drainage and earlier sowing (Table 

8.1.5). 

Table 8.1.5. Effect of different metihods of seed-bed preparation on the
 
nean seed and straw yield (t/ha) of chickpea over 1989-91 at 
three Vertisol locations in Ethiopia.
 

Seed yield Straw yield 
Location Broadbed- Furrow Flat Broadbed -Furrow Flat 

Akaki 
LSD (P=0.05) 
CV (P) 

2.77 
0.168 

18.7 

1.66 3.48 
0.270 

18.3 

2.73 

Debre Zeit 
LSD (P=0.05) 
CV (%) 

2.70 
0.125 

13.0 

1.87 3.46 
0.120 

16.2 

2.63 

Dembi 
LSD (P=0.05) 
CV (%) 

1.81 
0.180 
14.5 

1.15 2.72 
0.210 
16.9 

1.66 

8.1.2.4. Dry pea 

Dry pea is grown extensively in Ethiopia and the crop is used for both 

green pods and dry seeds, the green stalks are used as feed for cattle. 

Evaluation of promising field pea lines in national varietal trial-A 

revealed that lines FGRC/E i 210851 was most stable yielding among 14 

lines tested giving a seed yield of 2.70, 4.84 and 4.95 t/ha, respectively 

at Holetta, Bekeji and Sinana locations. It was, however, only marginally 

better than the best local check NC 95 Haik. The national variety trial 

B, again having 14 entries, revealed that the accession DMR-4 gave the 

highest seed yield of 1.84 t/ha, 2.82 t/ha and 5.22 t/ha at Danbi, Kulunsa 

and Asasa locations, iesnect ively, as against 1.23, 1.25 and 3.31 t/h for 

improved check cultivar Yorinderfer. 
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A survey of different field pea diseases Bale highlandsin revealed 

foll(wing diseases to be the most widespread: downy mildew (Peogppra 

viceae), pcmdery mildew (Erysiphae pisi), white rot (SciBetinia 

sclerotiojm) and ascochyta leaf blight (Asccchyta psi). 

According to the survey work conducted in Mendeyou, Agarfa and 

Gassera areas, the mnajor insect pests of pea pea aphidm-re (Acyrthosiphon 

nisjm) and pod borer (Helicccve. d amigera) . Damage was higher in mehr 

(July to March) than in belq (March to July) season. Aphid infestation in 

mehr could reach 100%. A total of 200 accessions received from PGRC/E 

were sc:reened for resistanco to pea aphid (Acg.hosiphon pisum) at Kulumsa 

under natural conditions with and without spray of Pirimor. The lowest 

court was recorded on Acc. No. 32191. In the advanced screening of 17 

accessions, lowest yield losses wre noticed in lines JI 116, JI 91 and 

061 K-2p-2192.
 

Naticnal. Scientists tran Ethiopia 

8.1.3. Sudan
 

The Nile Valley Regional Program research fabaon bean, chickpea and 

lentil was continued for the fourth season during 1991/92 with special 

project funding from Royal Netherlands Govenynaint. The total area of faba 

bean increased by about 10% this season comparing with previous season. 

Also the area of lentil had increased frcm 800 h-a in 1990/91 to 2600 ha 

this season. The 1991/92 season was ceeparatively cool and very, conducive 

to lecume crops. The overall productivity of faba be:an increased b, 

nearly 80% and lentil by 30% coepared with the pr-.vious s-ason. Increased 

productivity of faba bean created surplus for export. 
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8.1.3.1. Faba bean 

The pilot production-demonstration prcgram was conducted in the Nile and
 

North provinces as well as in the non-traditional areas. Adoption of the 

improved package (early sowing, frequent irrigation and weed and pest 

control) increased seed yield by 44%, , 2% md 6% iespectivey, in 

Aliab, Wad Hamid, Kabouchia and Sayal over the neighboring farmers, who 

foliowed traditional practices. These increases were highly econcmical 

(Table 8.1.6). 

Adoption studies in the Wad Hamid (traditional areas) inlicated that 

faniers were selecLive in adopting the components of the reconrcended 

production package. Adoption was better in public than in private 

schemes. The least adopted ccaWpnent of the production package was the 

reconriended higher frequency of irrigation. 

Table 8.1.6. 	 Effect of faba bean improved package on seed yield (kg/ha) 
and benefits, in Sudan, 1991/92. 

Locat ion 
Aliab Wad Hanid Kabouchia Saya 

Improved package 2950 3671 4875 3260 
Farrers package 2045 2665 3674 3078 

. :teaser over farrers 33 38 33 6 
Niaminal rate cf 1762 1270 633 

return (%) 

Researcher-managed on-faim trials showed that three genotypes 00616, 

BB7 and 00634 gave higher seed yields than local check when tested in 

farmer fields 	at six locations. The entries 00616 and BB 7, with higher
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yield and more adaptability, could be reccmmended for release in the 

traditional areas. 

In the back-up research on faba bean breeding genotypes Bulk 1/3 and 

F 402/7 gave the highest seed yield for two consecutive seasons in the 

traditional areas. The entries BF 2/2/8/1 and ZBF 2/2 with Bulk 3/3 and 

BB 7 appear to be tolerant to moisturf stress. These lines could be 

candidates for future release.
 

Weed infestation is a faba bean inmajor production constraint for 


the traditional growing 
areas of northern Sudan. Experiments revealed 

that Pursuit at 0.05 kg a.i./ha when tank mixed with Goal at 0.24 kg 

a. i. /ha gave effective broad-spectumi weed control when sprayed before the 

first irrigation. When controlthis chemical treatnent was supplemented 

with one hand weeding, it gave excellent weed control through-out the 

season and showed the highest seed yield increase of 436 (that is, an 

yield of 3.64 t/ha as against 2.53 t/ha with unweeded check). Hand 

weeding gave yield of 3.38 t/ha only. Stomp (@ 1.2 kg a.i./ha) could 

replace Goal in the above treatment combination with equal efficacy.
 

Leafminer (Liriomyza trifolii) continued to be the major insect pest 

of faba bean in the new areas in Sudan. Studies on evaluation of 

insecticides for leafminer control showed that Danitol-S was the best 

chemnical. Pk.wever, there was no effect on seed yield. REvisect and Neem 

extract were softer and permitted greater parasitism of leaf miner than 

other insecticides. Seed treatment with Gaucho (2g 70 SP/kg seed ) tended 

to increase seed yield.
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Seeds of four newly developed cultivars namely Hudeiba 72/2, L.'4-L 

(Selaim improved), Shambat 75 and Shambat 104 were purified under bee

proof cages for further multiplication and eventual release to farmers. 

8.1.3.2. Lentil 

The main production area for lentil is Rubatab but Wad Hamid and Dongola 

are potenc-Lally important. The area under lentil is being attempted to be 

increased to reach self-sufficiency of this legu:7e. The plans are to grow 

9000 ha next season. To meet this aim, an improved production package of 

lentil was demonstrated in Wad Hamid and RiAatab areas in the Nile 

province. The improved package included early sowing in the first two 

weeks of November, seed rate of 107 kg/ha, frequent irrigation (every 10 

days), weeds and insect pest control as needed. In Wad Hamid no lentil is 

currently grown by farmers, hence comparison there was made with chickpea. 

Lentil yield ttlere, averaged over 5 locations, was 2.65 t/ha and a net 

revenue of (LS 185,373/ha) ($1=120 LS) which was subst:ntially higher as 

compared to thau of faba bean and chickpea. At Rub atab, where faners do 

grow lentil, the improved package increased yicld by 62%, a7d the net 

benefit by 70% compared tc traditiornl practice, resulting in a high 

marginal rate of return of 2458%. The average yields in the
 

demonstrations i" Ruatab for last three years have ranged between 1.65 

and 2.36 t/ha (average 1.96 u/ha) coapared to a range of 1.23 to 1.47 t/ha 

(average 1.39 t/ha) for neighboring farmers, giving an increase of 41%. 

The package developed at Rubatab was demonstrated in Dongola. The 

demonstration plots had an average seed yield of 1.007 kg/ha. Extremely 

poor yield were produced by neighboring farmers, tne average being 23 
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kg/ha. These poor yields were mainly attributed to poor crop stand 

resulting from using broadcast sowing at relatively low seed rate and 

serious bird damage.
 

Back-up research on lentil breeding was carried out at Rubatah and 

Wad Hamid. Six promising lines were evaluated in on-farm verifiation 

yield trials in both locaticns. The best lines were Plrer.oz, ILL 795 and 

ILL 813. Back-up research on planting methods, seed rate and weed 

control revealed that, no sIgnificalt differeices occurred between flat 

planting in hills 25 cm apart and broadcasting the seeds and ridging the 

soil into 40-cm ridges. There were no significant differences aong five 

seed rates tested, suggesting the possibility of using the low rate of 

35.7 kg seec s/ha. 

Weeds caused 22% yield reduction at Wad Hamid and 32% at Rubatab in 

a weed control trial where Persuit herbicide was tested singly and in 

combination with other herbicides. In Wad Hamid, spray with Pursuit (0.05 

kg a.i./ha) mixed with Stoup (1.2 kg a.i./ha) or Goal (0.24 kg a.i./ha) 

gave as good weed control as hand weeding. However, when Pursuit + Stomp 

was combined with one hand weeding the yields were the highest. In 

another set of experiments weeds accounted for 12 and 59% reduction in 

yield of lentil at Rulatab and Wad He.-id, respectively. Igran (1.5 kg 

a.i./ha) + Ronstar (U.71 g a.i./}.7t) gave highest yield at Rubatab and 

Igran (1.5 kg a.i./ha) #-Goal (0.2 kg a.i./ha) gave highest yield at Wad 

Hamid.
 

http:a.i./}.7t
http:Plrer.oz
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8.1.3.3. chickpea
 

Demonstration of the inproved production package was continued in Wad 

Hamid, the main chickpea-growing area in Sudan. The improved package 

consisted of sowing the improved variety 'Shendi' in ndd-November with a 

seed rate of 60 kg/ha by broadcasting and ridging, supplementary 

irrigation and spraying against insect pests. It was ccnpared with the 

traditional practice by the neighboring farmers. The improved package 

gave average seed yield of 1639 kg/ha with an increase of 68% over farmers 

practice and 546% marginal rate of return. 

The exploratory survey of chickpea production in Hawata area in 

Central state revealed that about 1200-2000 ha are sown to chickpea. The 

crop is grown on residual moisture when Rahad river recedes. The 

production constraints were identified and areas suggested for further 

research were outlined.
 

Back-up research on chickpea breeding was carried out at Hudeiba, 

Shendi and Rubatab. Ten prxnising lines were evaluated in on-farm 

verification yield trials in these locations. The best lines were ILC 

631, ILC 1327 and I[W 1353. Back-up research on weed control revealed 

that spray with Pursuit +Goal and Pursuit 4 Stomp with or without hand 

weeding showed outstanding activity against weeds. Thie main disease in 

chickpea is rmtn rot/wilt ccrple-x caused by Fusariumn oxysorum f sp. 

ciceri, Phizccronia 1-taticola and Rizoctonia solani. Screening of 92 

chickpea ienotypesthe plot root diseases,in sick for rot/wilt six 

genotypcs shc:eO resistance (ICC 82001, FIAP 85-20C, FLIP 85-29C FLIP85

30C, UC 15 and 1CCV 2). National Scientists from Sudan 
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8.2. North African Regional Program
 

As in the past, ICARDA continued its collaborative research on food 

legumes with the national programs in Algeria, Libya, Mtorooco and Pnisia 

with ICARDA Regional Legume Scientist based at Douyet (near Fes), Mbrocco. 

The en hasis continued on geniplasm enhancenrrnt for the -mjorproduction 

constraints, agroirnic aspects, and transfer of technoicq,. A major focus 

continued to be the developa-nt of national research capabilities and the 

strengthening of regional network activities. Only the highlights of 

research results for each country and the regional activities are 

presented here because the details are described in the country reports 

prepared by md available in each country. 

8.2.1. Algeria
 

The objective of the food legurme research program in Algeria is to develop 

high and stable yielding varieties suitable for nchanization, lack of 

which is curarently constraining t-he e.xpransion of their legmie hectarage. 

In chickpa-_a, research on winter scwing is ving encouraged considering its 

advantage over the tradtional spring sowing. In general, breeding for 

disease resistanice and frost tolerance (for high elevation areas) receive 

high priority in the program. 

8.2.1.1. The 1991/92 crop season
 

The weather conditions were favorable for crop growth and yield. The 

early raintall received between September and November helpel timely land 

preparation and sowing. Wcemlzer and Jariuaiy iecved little rainfall, 

but well dist ributod raintall was received beteten Febniary aid June 

favouring crop growth and g-ain developirunt, Thete were iegional 
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variations: the rainfall was sub-optimal in the central (Oued Smar and 

Beni Slimane) and western regions (Saida, Tiaret, Sidi Bel Abbes and 

Khemis Meliana), and above normal in the eastern region (Khroub, Guelma 

and Setif). 

8.2.1.2. Gernplasn enhancement 

Faba bean: A limited program on faba bean was carried out for selection 

for yield potential and adaptation, and seed production at Sidi Bel Abbes, 

and for Orobanche and Botrytis resistance at Oued Smar. From the North 

Africa regional yield trial-large (FBNARY-L-92), 11 entries that 

outyielded the check variety were selected. Similarly, eight lines were 

selected £:,n the prel iminary yield trials. Of the 10 lines evaluated in 

faba bean Pntltilocation trial-I year (FBMULT-I), one line (S 84155-18-1-1

1) significantly cutyielded all other test lines and the two checks. 

Variety FLIP 62-30FB was selected for purification and pre-release seed 

multiplication.
 

Chickpea: Selection work was carried out at all the nine stations of ITGC 

(Sidi B-el Abbes, Tiaret, Saida, Khemis Meliana, Oued Smar, Beni Slimane, 

.Khroub, Cuelrra and Setif). International nurseries ere grown at three 

stations (Sidi Bel Abbes, Saida and Khroub) and yield trials a!: six 

stations (Table 8.2.1). Preliminary yield trial was grown at all the nine 

stations.
 

From CIF 4N-W--92, seven selections each were made at Sidi Bel Abbes and 

Khroub. Seven selections were made from CISN-SP-92 at Saida that yielded 

from 2500 to 3000 kg/ha. The number of selections made from CIYT-SP-92 
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and -W-92 at each of the six stations is given in Table 8.2.1. Grain 

yields were best at Khroub. One line FLIP 85-44C was selected in five 

stations whereas two lines, FLIP 89-26C and 89-62C were selected in four 

stations. From CPYT, 86 lines were selected at nine stat:ons, and 33 

lines were selected for multilocation trials for 1992/93. Fron the 33 

lines that were evaluated in multilocation trial-II year, 10 lines (FLIP 

81-293C, -83-93C, -84-93C, -84-102C, -84-109C, -85-28C, -85-48C, -85-55C, 

-85-94C and -90-iC) were selected for the national yield trial next year 

(CPNYT-93). 

Table 8.2.1. Chickpea lines selected from international yield trials at
 
six different stations of IC, Algeria, 1991/92 season. 

Station Trial No. of 
selections 

Range of grain 
yield (kg/ha) 

Khroub CIYT-MR-SP/92 5 2660 to 3500 
CIYTNR-W/92 5 2720 to 3870 

Tiaret CIYT-MR-W/92 5 2100 to 2800 
Oned Smar CIYT-MR-W/92 6 --
Beni Slimane CIYT-MR-W/92 4 1300 to 2600 
Sidi Bel Abbes CIYT-MR-W/92 3 1300 to 1780 
Setif CIYT-MR-W/92 7 1400 to 2290 

Four chickpea lines, FLIP 84-79C, -84-92C, -85-17C and -81-293C, have 

been identified so far for release for general cultivation. 

Lentil: Selection work was carried out at seven ITGC stations. LISN-T-92 
was raised at Tiaret whereas LIYT-L-92 and LIYT-S-92 at three and four 
stations, respectively (Table P.2.2). LPYT was gron at all the seven 

stations.
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Table 8.2.2. Lentil lines selected from international yield trials at 
four different stations of ITUC, Algeria, 1991/92.
 

Station Trial No.of Range of grain 
selections yield (kg/ha) 

Sidi Bel Pbbes LIYT-L-92 5 2000 to 2300 
Tiaret LIYT-L-92 1 1030 

Setif LIYT-L-92 3 2500 to 2700 
Sidi Bel Abbes LIYT-S-92 5 2500 to 2700 

Tiaret LIYT-S-92 6 1200 to 1700 
Setif LIYT-S-92 2 2800 to 2900 
Beni Slimane LIYT-S-92 7 3400 to 3800 

From LISN-T-92, five lines with a grain yield of 1800 to 2000 kg/ha
 

were selected at Tiaret. The numbier of lines selectpi f r-; LIYf-L- and 

S-92 are given in Table 8.2.2. Of the 98 lines evaluated in LPYT at seven 

stations, 10 were selected for the multilocation trial.-I year. From the 

multilocatin trial-If year, nine lentil lines (81S3832G, FLIP 84-144L, 

84-145L, -65-33L, -86-0TL, 87-02L, -87-35L, -83-52L and -88-01L) were 

selected for the national yield tr-ial-93 (LNY-93). qhree varieties have 

been identified sofar for release for general cultivation. These are 

Balkan 775, L.B. Fedjas and Setif 618. 

Pea: Only a limited program on pea is carried out at three IT=C stations, 

viz., Sidi Bel Abb-es, Khemis Veliana and Tiaret. The majority of the 

varietal material ccms from the Pea International Aaptation Trial (PIAT) 

supplied by iQYRDA. Of tne 13 lines that were selected from PIAT-92 at 

Sidi Bel Aabes, two (LE 25 and Syrian Local Aleppo) significantly 

outyielded all other test lines and check. Six selections were made from 

PIAT-92 at Tiaret (grain yield range of 1240 to 1750 kg/ha) and four at 
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Khemis Meliana. From the preliminary yield trial PPYT-92, two lines (M 

102369 and TE 25), with grain yields of 3300 kg/ha compared with 2900 

kg/ha of check (SBA 184), were selecced for testing in PMULT-I year. SV 

51741, the best yielding line (4090 kg/ha), was selected for seed 

multiplication. Twlo lines, Ballet and Early Down were selected at Khemis 

Meliana.
 

8.2.1.3. Pathology
 

The work on food leguie pathology is conducted at INA-El Hlarrach, and four 

I-GC stations, viz., Sidi Bel Abbes, Guelma, Oued Smar and Khroub. 

Detailed work on chickpea ascochyta blight and wilt is done at INA, 

whereas field screening for ascochyta blight is done at Sidi Bel Abbes, 

Oued Smar and Khroub, and for wilt at Guelma. 

Disease surveys indicated the importance of ascochyta blight on 

chickpea, faka bean and lentil in Sidi Bel Abbes, Saida, Tiaret and Khemis 

Meliana regions. Viruses (BWVTV, and were onBYMV BLRV) recorded faba 

bean. Parasitic plants Orobanche crenata damaged faba bean and lentil, 

and Cuscuta spp. damaged chickpea. 

A total of 17 chickpea lines were selected for resistance/tolerance
 

to ascochyta blight from CIABN-A-92. These included six at Sidi Bel 

Abbes, three at Oued Smar, and eight at Khroub. The six lines that showed 

tolerance in severe epiphytotic conditions at Sidi Bel Abbes were FLIP 88

83C, -88-85C, -88-86C, -88-86C, -88-87C, -89-11OC, and -90-112C. Four 

other lines that shored tolerance tc ascochyta blight in the national 

ascochyta blight nursery were -84-93C, and 79Th-101-FLIP 84-92C, -88-82C 
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2. Fran LIFWN-92, five lentil lines were selected at Beni Slimane. These 

are ILL 241, ILL 813, EL 42, FLIP 82-37L, and -90-20L. At Oued Snar, six 

faba bean lines with good resistance to Orobanche were selected from 

FBNARON-92 in Orobanche-sick plots. These included Sel 88 LAT. 18009, 

18035, -18054, 8/9 72, 8/9 85 and 8/9 128. In addition, four selections 

(Giza 402, Lattakia, Sel 88 LAT. 18025 and -18105) were also nude for 

Orobanche resistance from 16 lines tested in another nursery. 

8.2.1.4. Agronany 

Early sowing of chickpea continued to yield higher; the best period being 

December in the humid zone (Oued Stmar), December to January in the high 

plateau zone, arid January in the sub-humid zone (Khroub) . For lentil, the 

best sowing time was November to IDecernlr in inland areas, and December to 

January in high plateau areas. Optimum plant densities for chickpea were 

found to be 50 to 70 plants/mn for coastal and subeoastal areas, and 35 to 

50 plants/m for high plateau areas. In chickpea, 50 cm row to row 

spacing facilitated mechanical weeding arid provided better grain yields. 

For lentil, 180 to 210 plants/m were found optimum planting densities. 

Herbicides Igran i Kerb provided the best weed control in lentil. 

Algerian National Program Scientists and S.P.S. Beniwal
 

8.2.2. Libya 

8.2.2.1. Trial sites and crop season 

Experiment-s were conducted at- different locations to cover different 

agrogecxgrapical reqions: Tajoura and Zahia in the W:!stern region, 

Misurata in the Central region, EI-Safsaf and El-Marj in the Eastern 

region, and Sebha in the Southern rejion of Libya. Like the previous 
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season, the 1991/92 crop season also received sub-optimal rainfall (250 

rm) J.n the Western region which adversely affected crop growth and 

productivity. This encouraged wilt/root rot diseases in chickpea, and 

virus diseases and chocolate spot in faba bean. The Eastern region 

received high amounts of rainfall (900 nm) during tne growing season which 

encouraged the deve]opment of ascochyta blight in chickpea. 

8.2.2.2. Gerplasm enhancement 

Faba bean: Five trials/nurseries conducted included national yield trial

small seed (FRNYT-S-92) and -large seed (13NF-L-92), North Africa 
regional yield trial-lare (FBNARY-L-92) and adtaptation trial (FEAT-92) 

No significant yield differences were obtained arong varieties in FBNYI'-S

92, FBNYF-L-92 cnd FIBT-92, although Reina Blanca was the Leost yielder 

(5300 kg/ha) in In N-JFIAT-92. NV '-S-92, six l is, viz., I.-'[P 85-28B, 

S83118-12-2-l, B871,19, FLIP 8. -46FB, -84 -,881 and S48.K0.-1]-1-1, yielded 

signif icantly het-.ter than th other Iestines and the ,-'ecks. Sin lar ly 

in FBNARYF-L-92, five entries, viz., A-nladulce, Reina B1;inca, S 822030-7 

1-1-, 647-2, and FLIP 9-1-118M1, significantly outyvielded the local check 

and the other -tst entries. 

Chickpea: 'Ilree trials were conducted. The chickpea inte-national yield 

trial -winter-lbditeri anen region-1992 (CIYT-wl-r2-92) wit h 24 entries was 

conducted at Ei-Safsaf station. The grain yield ranged frci 36 *o 1950 

kg/ha. FLIP 89-38C and FLIP 89-29C were sig-ificantly ini v:elding 

than the standard check, ILC 484. The lowest yielder was FLIP 89 26C. 

lines were selected for the nationalTen yield trial nex'. year (CFMF-W
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93-B). These were FLIP 89-38C, FLIP 84-29C, FLIP 84-62C, FLIP 88-82C, 

FLIP 86-42, FLIP 86-6C, FLIP 89-63C, FLIP 89-78C, FLIP 85-93C, and FLIP 

85-5C. The chickpea regional yield trial-92 with 16 genotypes was planted 

at E1-Marj station. The grain yield ranged from 130 to 680 kg/ha. Six
 

genotypes FLIP 83-48C, FLIP 84-144C, FLIP 83-71C, FLIP 82-150C, FLIP 84

145C, and ILC 3279 were selected. The highest yield was obtained from
 

variety FLIP 83-48C (680 kg/ha) . In the chickpea adaptation trial planted 

on 17 November at Sebha station, the local cuAiltivar was the highest 

yielder (1800 kg/ha). Seed shrinkage was observed in test cultivars due 

to high temperatures prevailing at the pod filling stage. The trial will 

be planted earlier next season. 

Lentil: Three trials were conducted. The lentil international yield 

trial-snl seed 92 (LIYT-S-92) with 24 entries was grown at El-Safsaf 

station. Nne entries, which were not significantly different from each 

-other, yielded .-re than the other varieties including the check. The 

lentil adapt-ticn "v !ri 1 w2 (IAT-92! with four lentil genotypes was grcwn 

at Seba station. Doe to .edling mortality, high shattering and high 

temnprature, very low seed yields were obtained. The results indicated 

thlat ebba area is not suitable for growing lentils. 

Pea: Three trials were conducted. The pea international adaptation trial 

(PIAT-92) was raised at Zahra and Sebha stations. No useful yield data 

could be obtained hecauso of bird and wild animal dauage at Zahra and 

physical mixture of different lines at Sebha because of excessive growth 

and narrow row spacing. The trial will be repeated during the next season 



313
 

at both stations. However, several entries at Sebha (Blanda, Calypso, 

Solara and Chantal) appeared prctiising. From the national yield trial (BI 

with 13 entries ccnducted at Tajoura station, seven entries Wirrega, Local 

Sel. 1690, Sjiriaii Local, MG 102583, Solar, MG 102623 and PS 510203 yielded 

1800, 1600, 1400, 1100, 1000, 
1000, and 900 kg/ha, respectively. These 

yields were significantly better than these of other test entries and che 

check. 

8.2.2.3. Pathology
 

F iphasis in pathology continued on chocolate --pot and rust of faba bean, 

md ascochyta blight and wilt of chickpea. In the faba bean rst nursery

1992, tihree entries (R 8810, R 8E and R 8824) imintained their moderate 

2sistance to the disease. These will be yield tested in the next season. 

In the faLn bean chocolate spot nursery-1992, three entries (B 88140, 

88111 and ILB 1814) showed good resistance to the disease. These will 

also be yield tested during the next season. 

The chickpea international ascochyta blight nursery-A-92 (CIABN-A-92) 

was evaluated at Ei-Safsaf under artificial epiphytotics. The susceptible 

check (IC 263) was completely killed by the disease. Only six lines 

rated resistant (rating <5 on 1-9 scale): FLIP 90- 112C, FLIP 88 'C, FLIP 

89 62, FLIP 88-86, FLIP 89-110C, and FLIP 84-133C. Five lines were 

moderately resistant (rating 5): FLIP 84-93C, -E8-85C, -88-82C, -88-83C, 

and -89-27C. However, all the five test lines in the national ascochyta 

blight nursery-1992 (FLIP 87-5]C, -83-47C, -87- 101C, -87-507C, and -84

112C) at the same station were killed along with the local susceptible check. 
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Fourteen chickpea lines were tested in the North Africa regional 

ascochyta blight trap nursery-92 (CPRABTN-92) at EL-Safsaf station. Five 

lines were rated 2-3 on a 1-9 scale. These were ILC 195, -3279, FLIP 84

92C, ILC 482 and -182. However, in the chickpea internationl fusarium
 

wilt nursery-1990 (CIFWN-90) at Tajoura station, all the lines were killee 

due to severe wilt.
 

8.2.2.4. Agroriny 

The faba bean date of planting x row spacing trial with four sowing dates 

(1 Oct, 15 Oct. 1 Nov. and 15 Nov) and four inter-row spacings (30, 40, 50 

and 60 on) was conducted in a randonized complete block design with four 

replications for the second year at Zahra. Sowing netween 1 Oct and 1 Nov 

with 30 cm row spacing gave bett'2r grain yields than 15 Nov sowing. This 

trial is ccncluded anid the result will be verified at stations and 

f:tmrTrs' field during the 1992/93 season. In the faba bean planting 

density trial-9 conducted at. Zabra 'tation with four inter-row (30, 40, 

50 and 60 on) and four intra-row spacings (5, 10, 15 and 20 cm), no 

significant grain yield differences Were observed between treatments. The 

faba Lean weed control trial-1992 (F;3WC-92) was conducted at Zahra and 

Sebha stations. Of the eight treat;ents at Zahra tested, the weed-free 

treatment yielded highest (2100 kg/ha), while treatments no. 8 (Kerb + 

Tribunil, p7r-ernence) and 6 (Kerb + Fortrol, preerergence) gave higher 

grain yields (2900 and 1800 kg'ha, respectively) than other chemical 

treatments. At Sebha, only seven treatmrents Were tested. Treatment . 

6 (Kerb , Maloran, preemergence) gave highest grain yield of 3400 kg/ha 

compared with the weedy-check that yield-d 2000 ky/ha. 
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In the chickpea weed control trial-1992 (CPWCT-92), seven weed 

control treatments were tested at EI-Saf.af. These were : (i) weedy

check, (ii) weed-free, (iii) haud-weeding twice, and preemnergence
 

application of (iv) Maloran + Kerb, (v) Igran, (vi) Igran + Kerb, and 

(vii) 'Tribunil - Kerb. Weed free, hand-weeding twice, and Tribunil + Kerb 

treatments proved good. [gran treatment caused phytotoxicity and reduced 

yield.
 

Libyan National Program Scientists and S.P.S. Beniwal 

8.2.3. Morocco 

8.2.3.1. The crop season 

A severe drcught occurred in most parts of Morocco due to very little or 

no rainfall frun Nove mber to January. The effect was especially severe in 

the "favor-able-rainfal l" zone of the country wher2 coimplete crop failures 

occurred. 'The effects were less severe in the Pre-Rif and parts of 

Chaouia re]ion. Because of the drought, the developnent of chocolate 

spot, ascochyta blight and Orohanche on faba bean was rather limited. 

Very little or no ascochyta blight developed on chickpea, and no rust 

developed on lentil. 

8.2.3.2. Genrplasm enhancement 

Genplasm enhancement countinued to be the major objective of the natioral 

food legun program in Morocco. The national program continued to receive 

chickpea anud lentil material from ICARDA in the font of international 

nurseries and yield trials. It was the third and last year of the 

ICARDA/Il 'RA-Moi:c.co faba bean iiT.rovem-nt prcTram at Dtuyet. 

http:RA-Moi:c.co
http:EI-Saf.af
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Faba bean: The objective of the faba bean program are to (i)develop high 

and stab].e yielding varieties with resistance to Oiobanchie, chocolate 

spot, ascochyta blight, rust and stem nematodes with acceptable quality 

traits, (ii)alter plant architecture and ideotype to control vegetative 

growth, flower and pod drop aid convert faba Lean into a self-pollinated 

crop, and (iii) identify appropriate cultural practices to increase yield, 

reduce cosi of production and/or increase failner's revenues. Because of 

the drought situatio:n at Douyet which is the major site for all the faba 

bean irrprovement research in1orocco, all the trials and ntuseries failed. 

However, the segregating populations and crossing block entries were saved 

by limited tank irrigation. Two Orobanche-tolerant faba bean lines (Sel. 

88 Lat. 13009 and -18035) were tested in the faha bean national catalogue 

trial (NOT)
 

Chickpea: The objective of the chickpea program continued to (i) 

characterize and evaluate genrplasm for desirable characters including 

adaptation :o both winter and spring sowing, and (ii) develop laire

seeded, high and stable yielding varieties with ascochyta blight and leaf

miner resistance for the winter sowing as well as for dual season (winter 

and spring). Thus, as Dor the objectives, the major thnst was on the 

evaluation of different types of materials for yield and ascochyta blight 

resistance. A total of 600 chickpo a lines were tested for desirable 

traits through different nurseries and trials, T'hese consisted of five 

nurseries (including asccxhyta blight and leaf miner nurseries), three 

preliminary yield trials, one advanced yield trial (for both winter and 

spring), a national yield trial and a North Africa r-egional yield trial.
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A total of 168 national germplasm accessions were also evaluated. Also, 

base seed increase was done. All the trials and nurseries were harvested 

except for spring-sown trials at Jemaa Shaim which failed due to sub

optimum rainfall 

Winter-sown chickpea outyielded spring-sown crop at all locations 

except at DCouyet where late season rainfall during March-June specially
 

benefitted spring sown crop. At Merchouch, in spite of sub-optimal 

rainfall early in the season, winter-son crop gave nearly 40% more 

production tln spring-sown crop. Winter scwing was most pranising at 

Jemraa Shaim where spring-sown planted chickpea did not give any seed 

yield. Three chickpoa lines (1qLIP 84-79C, -84-115C, and -84-182C) we.e in 

the first year of th-e national catalojue trial (NC) whereas FLIP 84-93C
 

was in the second year of testing. 'P..e chickpea cultivars, FLIP 84-92C, 

and -83-48C were released for general cultivation under the naimes 'Douyet' 

and 'Rizki', respectively.
 

Lentil: 
'he primary objective of the lentil improvemunt program is to (i) 

develop early, erect and high and stable yielding varieties with 

resistance to rust and good quality characteristics, and (ii) develop 

apprcptiate cultural practices with special eiiphasis on mochanical 

harvest. 
 Genetic nmterial utilized in the lentil iinpiov:nent prcgram 

involved gernplasn colections of V:cali and intrcxiuced genotypes, lines 

provided by ICARDA for evaluation, and lines rcoipr-evious screening 

nurserier and preliminary yield trials se locted for further evaluation. 

A total of about 500 lines were tested through di fferent nurser, and yield 
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trials. These consisted of a rust screening nursery, four preliminary 

trials (LIYE-92, LIYT-S-92, and LIYT-L92, and LPYF-S-92), an advanced 

yield .al (LANAYT-92), two national yield trials (UIYF-S-92 and LNYT-L

92), and a North Aflica regional yield trial. Base seed of 32 lentil 

lines was mlltiplied in smill plots at Sidi El Aidy. 

Lines selected from different trials included six fran LIYT-E-92, 

five from LIYT-S-92 and five fraxn LIYP-L-92 for LPYT-93; seven lines fran 

LPYT-S-92 for LAYT-93; one line from lentil North Africa yield trial for 

LNYT-93. Because of the unfavorable wather conditions, about half of the 

lines from L.NAYF-2. and LINYIP-92 will be retested during the 1992/93 crop 

season. entil lines il. 6C002, 6209 and 6212, that ccxplet-ed twa years 

of testing in the natioUnal catalcpjue:, trial (N71'), were found to do well. i1i 

the semi-arid r jion of l¢orcx:co. They wi ll b considered Lor release for 

this region. Line IL, 6001 now has coapleted twa years of testing in NCT 

and a verdict on its future is awa:.ted. 'ND lentil lines, viz., FLIP 86

16L and 86-21L were in the fLrst year of NCP. 

8.2.3.3. Pathology
 

Major enphasis in patholcgy continued to be on screening for resistance to 

chocolate spot, asccx-hyta blight and Orobanche in faba bean, ascochyta in 

chickpea, and niist in lentil. Drought adversely affected nattma] disease 

develoqprY:int in tii. f ield. }{owev,r, 10 entris of the CIAN A-92 wuet 

screened undet art-ificial in :u l it j(ti cofdirit-ions in a qlasshouse at 

Settat. Lines that sh(jed nkvlate resi6'stance (a scor e ot 5 or less on a 

1-9 scale) included FLIP 83-48C, 83-71C, -83 98C, -84-'19C, -84 80C, -84
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83C, -84-92C, -84-112C, -85-86C, -85-114C, -85-118C, -85-148C, -88-85C and 

-89-49C. 

8.2.3.4. Agroncm 

All the agronomy trials on faba bean at I)ouyet tailed because if the 

drought. Results of a chickpea trial at Dou let indicated that variety 

FLIP 84-92C at 50 c row to row spacing with pre-emergence gran treatnant 

for weed control provided better grain yields over fanDErrs local variety. 

Moroccan National Program Scientists and S.P.S. Beniwal
 

8.2.4. Tunisia
 

8.2.4.1. The crop season
 

The weather in general was favorable for crop growth and development. 

Rainfall was well distributed over the crop season. The le Kef legion 

received rains dur'ing the spring as well . The mini~mtn tn. rat-iaes durinq 

January were -lIow zero ar Beja and I e Kef. All this resulted in delayed 
maturity but gcod crop grcwth and yield. Te generalg-ain weather 

conditions encouraged chccotate spo)t aL asccchyta blight in faii bean, 

and ascochyta blight and wet rcot rot in chickpea in certain areas. 

8.2.4.2. Germplasm enhancement
 

Faba bean: A total of 13 yield trials and nurseries were conducted on 

faba bean lapoe and smll. nf these, nine were conducted both at Beja and 

Oued r94] i z. For faba Lean-large, ch:an yieldis were 4390 kg/ha and 4080 

kg/ha at B'ja and Quod iz,i- -espoctiveLy. For fah\1 han-small, iLman 

yields at t les.locations were 3680 kg/La, and 3979 kg/ha, respectively. 
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At Beja, faba bean-large lines S 83182-1, M 82025-39, MB 89 FB 11 and S 

83181-53 yield i 5500, 5,100, '1800 and '1600 kg/ha, respectively, cc~pared 

with -1500 kg/h of the Local latrge (Fig. 8.2.1) . At Oued Meliz, faba 

Iean-smwa lines S 83181-53C, S 83182-22, MB 89 FF 11, M 82025-39 and S 

83182-: yielded 5400, 5500, 5300, .1800 and 4500 kg/hLa, respectively, 

ccnmrr-ed with 3800 kg/hLa of the I.L-cal large (Fig. 8.2.1) . lwo lines of 

MB89FBII
 

M8202-3.......-... ......

i .......... ...... ..............
 

S83 181-53c 
.............. ............... 
 .......
 

S83 182-1 ----- ~~-.-

S83 182-22 -........- - --.. .r ---- -... .. : - -2 v : -. ] 

- " L O C A L L A R G E ..... . .. . . . . . . . . . ' - -r........
.. . . ..... 


LOCAL LARGE ----------
.. . .. . ................ 
 ......... ...... .............
 

0 1000 2000 3000 4000 5000 6000 7000
 
(~ra in v' i ( (k /hj I 

BEJA L .MELIZN 

Figure 8.2.1. 	 Yield performnance of some selected large faba bean 
ciltivars at Beja and Oued Meliz stations in Tunisia, 
1991/92 crop season. 
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faba bean-large S 83182-22 and S 82113-8 were selected for pre-release 

multiplication and registration. The former has 100-seed weight of 158 g 

(better than Aquadulce) and a 19% higher grain yield than Aquadulce. It 

has green pods and is less susceptible to ascochyta blight than Aquadulce. 

Line S 82113-8 has a 100-seed weight of 126 g, and it yielded 15% higher 

than the local cultivar over a 5-year period (1988-92). It provided a 21% 

yield advantage over the local variety in dry areas. It's green pods are 

similar to those of Chemlali, and it is tolerant to ascochyta blight. 

A number of high yielding lines in faba bean-small seeded type were 

identified. These included FLIP 84-59FB, POL 10, LPF 044 and POL 3 (Fig. 

8.2.2), 
and yielded 	5500, 5300, 5100 and 5000 kg/ha, respectively, 

* 	 6000
6000 

' 4000• 

, 3000 

2000 

* 	 1000

FLIP84.59FB LPF 044 POL 3 POL I0 LOCAL SMALL 

BEJA M-IO.MELIZ 

Figure 8.2.2. Yield performance of sane selected small faba bean 
cultivars at Beja and Oued Meliz stations in Tunisia,
1991/92 crop 	season. 
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campared with a yield of 4300 kg/ha of Local ,7all at Cued Meliz. At
 

Beja, these yielded 4200, 4900, 4,100 and 4500 kg/ha, respectively,
 

ccjpared with a yield of 3800 kg/ha of local snnll. Line FLIP 83-106M?
 

was discar-ded for ft-her use because of its susceptibility to ascochyta
 

blight. 'T\D of the aibove lines, F7LIP 84-59FB and 1-0L 3 were selected for 

pre--releaset Urltipiication and registration. FLIP 84-59FB has 100-seed 

weight of 58 g cccl-ged with 52 g of Local snall. Itoutyielded the local 

cuiltivar by 10% over a 5-year period (frcno1988-92). In favorable years,
 

it pcovid -d a 16% yield advantage over the local check. It is tolerant to 

ascahya VNight. Line 110L 3 has 100-seed weight of 55 g. It cutyielded 

tie lcc-al variety by 17% over a 5-year peri d (1988-92) and prvided a 14% 

yield advantage in favorable years. It has tolerance to ascochyta blight 

.d exihiks a wide adaptation.
 

Chickpea: The nman yield of 2850 kg/ha was obtained from winter chickpeas 

at C@eO Meliz The figure for Beja was only 1040 kg/ha which was due to 

some trials fal. ing on wilt affected port ions ot the f ield. Line FLIP 90

170C was the highest yilde 500 kgha; undo- winl,- c(.)Wing at Oued 

M4liz whereas line FMiP 90 1 {: was tho hiqh,5st yielde' (,4800 kg/ha) at 

Beja. A'ong spring sown chihikp.:a Iines at PNjai, I in- FLIP 00- 12C was the 

highest yieider I0O kg/h) . Th*,e tw,) Vlin, .ot1 Vd fri eistration 

earlier, viz., IMRIC 88 (T1,I1P R4 and 87 FL7,IP 79C) yielded9NAT 84 

3000 and 2500 kg/ha, respectively, in winter sowing at COued 4eliz (Fig. 

8.2.3) . However, only one line, INPAT 88, will be r-,istered. 
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Figure 8.2.3. 	 Yield perfomance of scate selected chickpea lines at Beja,
Oued Meliz and Kef stations in Tunisia, 1991/92 crop 
season.
 

Lentil: In lentil, m an yields at Beja, Died Meliz and D- Kef were 2070, 

2660 and 1770 kg/ha, respectively. The highest yielders were L-qIP 86-35L 

at Reja (3900 kg/ha) md Oued V4aliz (3160 kg"ha) and FLIP 90-2:, T,-, Kef 

(2630 kg/h-la) . Yields at L, Kef were low msihl.' Winse cf excessve 

humidity prevailing duing the spring. The good perfotcrmance of FLIP 84

58L was contiined (Fig. 8.2.4) . It yielded 21% iin-e than Nefza and 42% 

more than Nsir (ILL 4400) Thus, it is selected for pre-release 

multiplication and registration. Also, good perfonrince UJ 85of was 
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confirmed as it outyielded Nsir by 17%. This variety is early and thus 

useful for late-planting situations. It is of a mcrospern type. 

("l...............................................
... ..............................................................
...
.
 
00 

/]/ 
... . ............................................................... ..
.... 	 ... ............
 

50 

.),Ill X 1\i,' :\'LI.';\ ',S f (R). I:85-1I ', M'*-8I. I)-I I 

Figure 8.2.4. 	 Yiel p rfoi.hnce- of so selected lentil lines at Beja,
oMd reiz and Kef stations in '1\inisia, 1991/92 crop 
season. 

Pea: Je i ,-an t.-ial yields were obtained at Pp-ja (2410 kg/ha) aid Oued 

eliz i20 k L c,._c pared with Le Kef (181-0 kg/ha) . Line PS 210713 was 

the hihest yielder (3500 kg/ha) at Beja, line Dindole at Osied Nr]iz (3360 

kg/ha; and Co].-kian at. Lp Kef (2270 kg/La) . Mean yields of these three 

lines were 25,10, 2700 and 2760 kg/ih, respectively, at Beja, Oued Meliz 

and L--Kef. 
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8.2.4.3. Pathology 

In faba bean, work on Orobanche (both 0. fcetida and 0. crenata) included 

screening for resistance, integrated control, and seed-load studies. 
Of
 

the BPLs tested for 0. foetida during the 1990/91 and 1991/92 seasons, two 

lines (BPL 324 and -407) showed resistance, and 10 lines (BPL 011, -016, 

017, -190, -21, - -248, -467, -484, and -486) showed moderate 

resistance. Also, linestwo (S 18054-S and 8/9-128) fra the North Africa 

regional Orobanche nursery and one line frcm Egypt (402/29/84) also showed 

good resistance and high yield potential. All these lines along with other 

promising ones will be retested during the 1992/93 crop season.
 

A field trial on integrated control of 0. foetida on large-seeded 

local faba bean was conducted at Beja using three herbicides (Invizethapyr, 

75 g a.i./ha, pre-enargence; g]yphosate, 2x'70 g a. i /ha, post- CI:Tgence; 

and inazaquin, 2x15 g a.i ./na, posti-erIorenc,, at the parasite attzacheent 

stage and 15 days later) cuibined with two sowing daten (nontpl, Ii Nov 

and late, 20 Bec). Application at i azaquin ccbined with late sowino 

permitted a total control of Oroha.nche. Imnzaquin applied at the normal 

sowing date and inmazethapyr at late and norml sowing date gave the best 

yields. 'The growth of faba bean plants was adversely aftected by 

glyphosate and imazaquin. 

In a pot study at INRAT, Ariana the reaction of Aguadulce, Sel 88. 

Lat. 18035 and 8/9-129 to different infestation levels of g. crenata was
 

evaluated. 
 Results obtained confinmd the resistance of S-1 88. Lat. 

18035 and 8/9-128 to 0. crenata. With the highest level of inoculum 
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(904.8 mg of Orobanche seeds/pot), the line 8/9-128 seemrs to o nm-re 

resistant to 0. crenata than Sel. 88. Lat. 18035. Increasing Orobanche 

inocuiun level resulted in a decrease in the dry weight of faba bean 

plant; this decrease was more conspicuous in AgiiaduLce than in the 

resistant lines.
 

Ccd resistance to ascochyta blight (A. [aba_e) was identified in faba 

V:an I ines 291! and BPL 472. Lines S 84176-3-11 1 and BPI, 365 shced 

resistance to stm infect ion and tolerance to Lvd infection. Ten isolates 

of A. taLhoIe w-oe studied fr their on]tual ch-racteistics like 

nfi-pliolgy, qrowtlh .nixa; ]-aoll CAirespA , r, 'Iheand of es three dia. 

sam. iso]ates wilii be used for thei p l hr oiii city and piytotox.joity using 

their toxin sn isolated ch [oreplasts. 

Large- scale field screening of chickpea for ascochyta blight 

resistance wan done at R-ja and Qued Mii z. Only 5%of the lines tested 

at Beja and 21 of the ones tested at Wtied Meliz showed a rating of less 

than 4 on a 1-9 -ating scale (Fig. 8.2.5) . Variety INRAT 87 showed 4.4 

Frequency (%) 

SU 

,s-'1 

10 " 

Class of ascochyta bliqht reaction (on 1-9 score) 

Figure 8.2.5. Prequency of c " Iium in ditee classes ofikla 
reaction to a.sohyta 1,iqht (hosod on 1-9 scone) when 
tested at Beja aid (Wed Meliz stat.ions in Trisia, 1Q91/92 
crops season. 
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and 5.1 rating at Beja and Oued r',eliz, respectively. Similar ratings for
 

INRAT 88 were 4.8 and 5.8. For chickpea wilt, 17% of the 524 lines tested 

showe-d no wilt incidence (Fig. 8.2.6). Three percent of the 'ines showed 

1-20% wilt, whereas 79% of the lines showed rore than 51% wilt. 

The use of A. rabiei toxins on isolated chloroplasts was perfected as 

a screening technique for resistance to ascochyta blight. The results 

obtained showed highly positive correlations with those of the field 

screening.
 

Frequency (%)
 

100 

79 

60K 

40 

17 
20 -

30. 

1 - 20 21 -50 51 

Wilt incidence (t)
 

Figure 8.2.6. Frequency of 524 chickpea accessions/lines to wilt reaction 
when tested in a wilt-sick plot at Beja in Tunisia, 1991/92 
crop season. 
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8.2.4.4. Transfer of technology
 

Demonstration of the improved package in winter sowing of chickpea with 

two new varieties (INRAT 87 and -88) resulted in a 100% yield advantage 

over the spring-sown chickpea. Demonstrations of varieties with improved
 

cultural practices (date and density of sowing, and weed control), 

conducted in different governorates in the northern parts of the country 

with the assistance of Office des Cereales and the IFAD Technology 

Transfer Project, gave useful results. 

H. HaliLa, other Tunisian National Program Scientists and S.P.S. Beniwal 

8.2.5. Provision of trials and nurseries to the national programs in 

North Africa
 

Relevant geimplasn of faba bean, chickpea, lentil and pea was provided to 

the four national program in the form of international trials, nurseries
 

Table 8.2.3. 	Nu-mber of yield trials, screening nurseries, segregating
 
populations nurseries in food and feed legumes provided to
 
the national programs in North Africa, 1991/92.
 

Number of trials/nurseries
 
Country
 

Yield trialsa Nurseriesa Segragating Totala 
_______-- ~ulationsa ________ 

C L P V Lt C L C L C L P V Lt 

Algeria 11 9 3 3 3 11 2 1 21 3 314 27 3 
Libya 1 1 2 1 1 2 - 2 2 2--
Morocco 3 3 -2 2 6 3 2 - 11 6 - 2 2 
Tunisia 4 4 2 29 7 1  34 11 2---

Total 19 17 7 5 5 50 5 1 74 7 5 5
22 40 

a C = chickpea; L = lentil; P = pea; V = vetch; and LT = lathyrus. 
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and segregating populations details of which are suninarized in Table 

8.2.3. Theses trials/nurseries complemented the andnational regional 

trials/nurseries 	that were developed in collaboration with the national
 

programs.
 

8.2.6. Regional Yield Trials and Nurseries 

Several regional yield trials and nurseries developed by the participating 

countries were conducted during the 1991/92 crop season (Table 8.2.4). 

These included two yield trials in faba bean (17EIARYT-L and FBNARYT-S), 

one in chickpea (CNARYT), one in lentil (LKARYT), one Orobanche nursery in 

faba bean (FBRJON) and one ascochyta blight trap nursery (CPABTN) and one 

wilt trap nursery (CPWIN) in chickpe=.. Dtailed results will be reported 

in a separate report and only a summary of results are presented here. 

Table 8.2.4. Regional yield trials and 	disease nurseries carried out in 
North Africa, 1991/92.
 

Activi ty Responsibility Location*/Country
 

A. Yield trials 
1. FBNARYT-L-92 
 Morocco 	 DY (Morocco); TS (Algeria);
 

CM (Tunisia); ZH (Libya)
2. FBNARYT-S-92 Morocco DY (Morocco); CM 	 (Tunisia)
3. CPNARYT-92 
 Tunisia 	 MC,JS (Morocco); TS (Algeria);
 

8J,COM (Tunisia); SF (Libxa)4. LNARYT-92 Morocco 
 MC,JS (Morocco); ZD (Algeria); 
BJ,CM (Tunisia)

B. Disease nurseries
 
1. FBRON-92 Morocco 
 DY (Morocco); OS 	(Algeria);
 

BJ (Tunisia)2. CPABTN-92** Tunisia/Algeria Dy,MC (Morocco); SRA (Algeria); 
1J (Tuinisia); SF (Libya)3. CPWTN-92** Tunisia IH SPA(Morcco); (Algeria); 
BJ (Tunisia) 

* DY=Doiiyet; TSJTessala; CM=Oued Meliz; 7ZH=Zahra; MC=Marchouch;
JS=Jenaa Shaim; J=Beja; SF=Safsaf; ZD=Zidene; SBA-Sidi Bel Abbes; 
IH=IAV H-II-Rabat.
 

** In collaboration with the UNDP/Maghreb Disease Project. 
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8.2.6.1. Faba bean
 

The FBNARYT-L-92 with 24 entries including two checks was planted at four 

locations in the four countries (Table 8.2.5). Results could not be 

obtained from Douyet (Morocco) because of the drought. Best man yield of 

3993 kg/ha was obtained from Cued MJliz (Tunisia) follced by Tessala 

(Algeria) of 2640 kg/ha and with lowest (1060 kg/ha) from Zahra (Libya). 

Over the three locations, variety L 82007-11-3-1-1 was the top yielder 

(2)40 kg/ha) followed by FLIP 87-147FB, S82 2030-7-1-1, Aquadulce and 

79S4.
 

The FBNARY-S-92 with 24 entries including a local check was planted 

at Zahra (Libya), Oued Meliz (Tunisia)and Douyet (Morocco) (Table 8.2.6). 

Results from Douyet were not available because of drought. Over the two 

locations, line FLIP 85-28FB was the top yielder (3990 kg/ha) followed by 

S 83118-12-2-1, [.-LIP 84-48FB, -85-85-FB and -84-46FB. 

The FBRON-92 with 17 entries, including two Orobanche susceptible
 

checks, was grown at Beja (Tunisia), Oued Smar (Algeria) and Douyet 

(Morocco) (Table 8.2.7) . Results from Luyet were not available due to 

drought. In Tunisia, the susceptible checks (Seville and Aquadulce) 

showed 5.3 Orobanche shoots/plant. In Algeria, Seville and Aquadulce 

developed 13.6 and 20.9 shoots per plant, respectively. The six lines that 

were considered resistant in both Tunisia and Algeria (<3.5 shoots/plant) 

were 8/9 72, 8/9 85, 8/9 128, Sei.88 Lit.18054-S, -18035-S and -18009-S. 
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Table 8.2.5. 
Seed yield of lines in the faba bean North Africa regional
 
yield trial-large-1992 (FBNARYT-L-92). 

Line Yield (kg/ha) 

Algeria Libya Thnisia Mean 
(Tessala) (Zahra) (Oued Meliz) 

FLIP84-107FB 
FLIP84-147FB 
FLIP87-26FB 
FLIP87-70FB 

3207 
2385 
2260 
2929 

1080 
870 

1200 
1120 

3956 
4369 
4544 
3344 

2748 
2541 
2668 
2464 

FLIP87-140FB 
FLIP87-147FB 
S82113-8 
79S4 

2561 
2951 
2890 
3090 

1140 
1050 
950 
810 

4075 
4538 
906 

4319 

2592 
2846 
2582 
2740 

80S44027 
80S80028 

2661 
2891 

720 
860 

4194 
4088 

2525 
2613 

REINA BLANCA 
S82408-1-2-3 

2730 
3117 

1300 
940 

3938 
4019 

2656 
2692 

L82007-11-3-1 
30S43587 

2426 
2761 

930 
1100 

5463 
3756 

2940 
2539 

647-2 2402 1320 3950 2557 
663-4 2606 970 3644 2407 

666-2 
FLIP83-24FB 
FLIP84-118FB 
S822030-7-1-1 

2828 
2916 
2524 
2716 

960 
1140 
1260 
1360 

3300 
3856 
4256 
4338 

2663 
2337 
2687 
2805 

REINA BLANCA 
AQALTJCE 
LOCAL LARGE 
MATER 

2629 
2443 

1470 
1660 

3850 
4275 
2538 
3331 

2650 
2793 

SEVILLE 2088 
NEW MANUTH 1342 
Local che-k I 850 
Local check II 350 

Mean 
CV % 
SE+ 

2640 

----

1059 
----

3993 
9.89 

394.9 

2564 
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Table 8.2.6. Seed yield of lines in the faba bean North Africa regional
 
yield trial-Small-1992 (FBNARYT-S). 

Line Yield (Kg/ha) 

Libya Tunisia Mean 

(Zahra) (Oued Meliz) 

FLIP82-9FB 1050 4200 2625 
FLIP83-106FB 1640 4400 3020 
FLIP84-46FB 1960 4950 3455 

FLIP84-48FB 1850 5825 36,8 
FLIP84-59FB 1440 4969 3205 
FLIP84-13FB 1490 4869 3180 

FL1P85-28FB 2450 5544 3997 
FLIP85-48FB 1600 4906 3253 
FLIP85-85FB 1590 5488 3539 

FLIP86-86FB 1570 4444 3007 
B87148 1660 3963 2812 
387149 1970 4081 3026 

B87249 1520 3413 2467 
B87259 1200 3825 2513 
S82 002-11-1-1 1800 4950 3375 

S82 004-38-2-2 1450 5281 3366 
S83 118-12-2-1 2070 5631 3851 
L81 007-20-3-1-1 1500 4375 2938 

L82 012-21-i-1 1330 5013 3181 
L83 149-25-6-5 1360 4706 3033 
L83 150-77-i-1 1180 4325 2753 

18035 1010 398! 2046 
18009 1130 3600 2365 
Local snall 3969 

Local small 890 

Mean 1530 4614 3080 
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Table 8.2.7. Results of the regional faba bean Ormbanche nursery-1992 
(FBRON-92). 

EFtry No. of Orobanche Orobanche susceptiblity 
shoot per plant 
Beja Oued Smar 

rating (1-9 scale) 
Beja Cued Smar 

1. Se188 Lat.18009-S 
 0.7 3.5 

2. Se188 lat.18009-M 1.4 6.2 

1 
5 
1 

3

3. Sel88 Lat.18009-L 
 2.1 10.1 5 
 3
4. Sel88 Lat.18025-S 
 1.2 5.7 
 3 3
5. Sel88 Lat.18025-M 
 1.1 4.1 3 
 3
6. Se188 Lat.18035-S 
 0.6 2.9 1 
 1
7. Se188 Iat.18035-M 
 1.1 5.0 3 
 3
8. Se188 Lat.18054-S 
 0.5 3.3 
 1 39. Se188 Lat.18054-M 
 1.5 5.8 
 3 3
10. Se188 Lat.18035-L 
 1.5 6.0 
 3 311. Sel88 Lat.18105-S 1.4 5.9 3 3 

12. Se188 Lat.18105-M 
 1.2 4.6 
 3 3
13. 8/9 72 
 0.4 4.3 
 1 1
14. 8/9 85 
 0.4 2.2 1 
 115. 8/9 128 
 0.7 3.6 1 
 1
16. Seville 
 5.3 13.6 9 
 9
17. Aquadulce 
 5.3 20.9 9 
 8
 

8.2.6.2. Chickpea
 

The CN'ARYT-92 with 16 entries was grown at Tessala (Algeria), Safsaf 

(Libya), Jemaa Shaim and Merchouch (Morocco), and Beja and Cued Meliz 

(Tunisia) (Table 8.2.8). Best yieldn-in (4793 kg/ha) across locations 

was obtained from Safsaf (Libya) followed by 2760 kg/ha at Cued Meliz 

(Tunisia) and with lowest of 510 kg/ha fron Jemaa Shaim (Morocco). The
 

lines that are conmon in the best five yielders in different locations 

were FLIP 84-144C, -82-150C, -84-79C, -84 
146C, -84-93C, -83-48C, -84-92C,
 

-84-182C and -84-145C. Over the six locations across the four countries, 

FLIP 83-48C was the top yielder (2264 kg/ha) followed by FLIP 84-144C, 

84-182C, -82-150C and -84-79C. The mean yield of FLIP 84-92C, which is 

already released in Algeria and Morocco and identified for registration in 
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Tunisia, was low because of its poor yield levels in Mbrocco ce to the 

drought situation. 

Table 8.2.8. Results of the chickpea North African regional yield trial
1992 (CNARYT-92). 

Line Yield (kq/ha)
 
Algeria Libya Tunisia Morocco Mean
 

(TS) (SF)' (BJ)' (CM), (iS), (MC)' 

FLIP84-146C 1010 1300 1582 3192 6701 1473 1537 
ILC 195 868 4200 350 2225 590 1230 1577 
FLIP84-144C 1294 5300 1832 3067 440 1340 2212 
FLIP83-46C 677 4200 857 2357 ... .... 2023 
FLIP83-71C 677 5300 500 2382 430 1060 2022 
FLIP85-56C 844 3400 1490 2417 290 1200 1607 
FLIP85-17C 1003 4100 1007 2132 390 630 1544
 
FLIP84-93C 778 4900 365 3025 670 1590 1888
 
FLIP83-48C 892 6800 1257 2757 420 1460 2264
 
FLIP83-47C 1082 4400 740 2992 290 1270 1796
 
FLIP84-79C 1056 4800 1207 3450 670 1270 2076 
FLIP84-182C 969 5200 2575 2275 540 980 2090 
FLIP82-150C 1190 5900 1400 2407 650 970 2086 
FLIP84-145C 793 5900 650 2407 400 1720 1979 
ILC 3279 708 6000 400 2757 580 1320 1961 
FLIP84-92C 1090 5000 575 3242 670 1010 1931 
FLIP85-93C ---- 460 1150 805 
Mean 933 4793 902 2755 510 1229 1854 

SEmi 725 657 
CV, 22.5 31.7 80 23
 

' TS = Tessala; SF = Safsaf; RJ = Beja; CM = Oued eliz; JS = Jemaa Shaim; 
and MC = Marchouch. 

The CPAB'IN-92 with 14 chickpea lines to study race situation in A. 

rabiei was raised at Safsaf (Libya), Iouyet (Morocco), and Beja and Oued 

Meliz (Minisia) (Table 8.2.9) . 'Me disease reaction of 12 lines was 

similar at all four locations except for only two lines, ILC 182 and IIC 
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482 that were resistant (3 rating out of the maximum of 9) at Safsaf but 

were susceptible (8 and 9 rating respectively) at Oued Meliz and Beja. 

This difference in reaction will be studied further during the 1992/93 

crop season. 

Table 8.2.9. 	 Results of chickpea regional ascochyta blight trap nursery
1992 (CPBTN 92) 

Entry Ascochyta Blight (1-9 scale)
Libya T'nnisia Morocco 
Safsaf Beja Oued Meliz Douyet 

Amdoun-i 6.0 9.0 9.0 
 7.0
 
HE 72 5.0 6.0 7.0 5.0
 
IWC 182 3.0 5.5 9.0 5.0
 
ILC 191 9.0 
 .. --- 5.0
 
ILC 195 2.0 5.0 5.0 
 5.0
 
ILC 200 5.0 	 --- 3.0
 
ILC 263 	 8.5 9.0 9.0 8.0

ILC 482 3.0 8.0 --- 5.0
1IC 484 9.0 --- 9.0 5.0 
ILC 1929 8.0 9.0 9.0 8.0 
IIC 3279 2.5 6.0 5.0 5.0 
FLIP84-72C 4.0 5.0 5.0 
 4.0
 
FLIP84-92C 3.0 3.5 4.5 5.0
PC 46 9.0 9.0 9.0 7.0 

The chikpea regional Fusarium wilt trap-nursery-1992 with 12 

genotypes was grown at Beja and Mateur in Thmisia, and Guelnma and Sidi Bel 

Abbes in Algeria. No results were obtained frown Sidi Bel Abbes. At Beja, 

in the wilt-sick plot, variety L 550 showed 1001 wit incidence, whereas 

Annegeri and niffa only 15%. At Mateur, 41% wilt incidence was found in 

L 550 as against 29%in Annegiri and 40% Chaf ta. The pathotyje of isarj.Lm 

oxvscorum f.sp. ciceri at both the locations was therefore similar. At 

http:isarj.Lm
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Guelma in Algeria, interestingly JG 62 showed 50% wilt incidence 

indicating presence of one of the four races of dhe wilt reported from 

India. Annegiri and Chaffa showed 509 wilt incidence each. The nursery 

with additional chickpea genotypes will be grown during the 1992/93 

season.
 

Table 8.2.10. Results of the chickpea regional fusarium wilt nursery-1992 
(CIWIN-92) 

Wilt incidence (%)
 
Variety Tunisia Algeria
 

Beja Mateur Guelma 

CPSl 0.0 0.0 0.0 
C 104 NP NP 0.0 
WR 315 0.0 0.0 0.0 
BG 212 0.0 0.0 0.0 
C 235 0.0 0.0 0.0 
JG 74 0.0 0.0 0.0 
Chaffa 8.0 40.0 50.0 
L 550 100.0 41.0 0.0
 
K 850 NP NP 0.0 
Annegeri 15.0 29.0 50.0
 
Ardoun 1 0.0 0.0 0.0 
JG 62 0.0 0.0 0.0 

NP= No plant emergence. 

8.2.6.3. Lentil 

The LNARYT-92 with 16 lentil lines was grown at four locations, two each 

in Tunisia (Beja and Oued Meliz) and Morocco (Jemaa Shaim and Merchouch) 

,Table 8.2.11). 7le best mean yield across locations was obtained from 

Beja (2G56 kg/h) followed by Oued M4liz (1346 kg/ha) , Marchouch (1054 

kg/ha) with least at Jemaa Shain (886 kg/ha). The lines comnon in the 

best five yielders at different locations were ILL 6002, -6001, -6209,
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Table 8.2.11. 
Results of the lentil North African regional yield trial
1992 (LNARYT-92).
 

Line 
 Yield (kg/ha)
 
Tunisia 
 Mrocco Mean 

Beja Oued Meliz J. Shaim Merchouch 

ILL 6001 
ILL 6002 
ILL 6209 
ILl, 6212 
ILL 5700 
ILL 5562 
ILL 5883 
ILL 4605 
NYLON 
FLIP84-58L 
FLIP84-106L 
FLIP87-21L 
FLIP87-20L 
78S26002 
ILL 4400 
ILL 4606 
FLIP86-21L 

2425 
2982 
2700 
1550 
1657 
1482 
1832 
3200 
1325 
2690 
1790 
1907 
2590 
1700 
1540 
1525 
----

1562 
1522 
1428 
1022 
1372 
1377 
1152 
1067 
1255 
1772 
1555 
1255 
1255 
1338 
1317 
1288 

680 
960 
530 
670 

1130 
1180 
640 
780 

1050 

9r0 
790 
600 

1320 
790 
440 
620 

1320 
1310 
510 

1650 
1260 
1230 
930 
820 

1500 

1310 
960 

1070 
1360 
630 
50 

960 

1497 
1G94 
1292 
1223 
1355 
1317 
1139 
1467 
1283 
2231 
1403 
1228 
1379 
1429 
1069 
825 
790 

Mean 2056 1346 826 1054 1320 

SE± 601 407
 
CV% 29 30
 

Nylon, FLIP 84-58L and 78S26002. Over the four locations across the two
 

countries, ILL 6002 was the top yielder (1694 kg/ha) followed by ILL 6001 

(1494 kg/ha) , ILL 4605 (1467 kg/ha) , 78S26002 (1429 kq/ha) , and FLIP 84

106L (1403 kg/ha).
 

National Program Scientists in the Region and S.P.S. Beniwal
 

8.2.7. Training Activities
 

Different types of training opportunities provided included 
(i) group
 

training at Aleppo, (ii)group training in the region, (iii) individual
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training at Aleppo, and (iv) participation in international conference 

(Table 8.2.12). A special mention may be made of the ICARDA-supported 

Table 8.2.12. 	 Type of training activities in food legumes provided by 
ICARDA to the national programs in North Africa, 1992. 

Training No. of participants 
ALG LIB MOR RN 

A. 	 Group training at ICARDA HO 
1. Insect control in legumes and cereals 1 1 1 
2. Breeding methodology in legumes 1 1 
3. Legume diseases control 	 1 1 
4. t'chnical harvest of legumes 1 1 - -

B. 	 Group training in the region 
1. Winter chickpea technology transfer
 

(SPA, Algeria) 	 14 3 3 3 
2. 	 Biomaetrics ard computer use 

(Tunis, Tunisia) 1 1 1 1 

C. Individual training 	 3 2 1 -

D. Participation in International Conferences
 
1. International Focl Legume Research
 

Conference-II, Cairo, Egypt 2 1 4 3
 
2. Durable Resistance, Wegeningen, - - - 1 

The Netherlands 

Total 	 24 11 9 9
 

participation of 10 food legume scientists from the region in the Second
 

International Food Legume Research Conference (IFLRC-II) in Cairo. Three 

of 	them were coauthors of the invited papers and five presented poters in 

the conference. One of the senior food legume scientists frau Tunisia, 

Mr. H. Halila was elected to represent Near-East region in the Steering 

Ccmmittee of the IFLRC-III.
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Opportunities for scientific interaction were provided to the food 

legume scientists of the region through i) exchange of scientific visits, 

(ii) participation in sub-regional courses and group training courses, and 

international conferences, and (iii; through the regioral coordination 

meting. 
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9. TRAINING AND NEITWRKENG 

The 	 purpose of training is to develop or enhance the technical 

capabilities of NARS scientists and their support staff. It also aims at 

strengthening networking and to assist in transfer of technologies. Table 

9.1.1 sumLnarizes the activities undertaken by LP during 1992 to meet the 

above objectives. This was done in scm cases in collatoro.tJon with NARSs 

and other ICARDA programs. A total of 207 participants received training 

in 	 the inprovement of lentil, kabuli chickpea atnd annual forage legumes 

(Table 9.1.1).
 

Table 9.1.1. SLmMary of training activities in 1992.
 

Type 	of training Participants Represented 
countries
 

I. 	 Traininq at Aleppo 
1. 	 Group courses 

1.1. 	 Legume Disease Control 9 8 
1.2. 	 Insect Control in Food 

Legqtuis and Cereal Crops 12 10 
1.3. 	 Breeding Veethodologies in 

Food Lguims 16 10 
1.4. 	 Mechnical Haivesr-ing of Legu es 12 5 
1. 5. 	 DNA M-,.ecti'jar Marker Techniques 12 12 

2. Individual Nor-deqree 	 35 5 

3. Graduate Research 	 7 4 

II. 	 In-contr /Sub- regional 
Training Coi ises 
1. 	 Winter Chickpea technology 

Transfer, Algeria 23 4 
f2. 	 Legunef Seed Product ion, Egypt 21 3 

3. 	 Use of Comrputer in Breeding 
E-cperiments, Iluikey 9 1 

4. 	 Computer Application for 
ultilocation Testing and
 

Stability Aalysis, Egypt 14 
 3 
5. 	 Lentil and Chickpea Production 

Technology, Turkey 	 18 1 
6. Food Legume Improvement, Lebanon 18 1 



341
 

9.1. Group Training at 7CARDA 

Table 9.1.2. Participation in group training by courtries.
 

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, Thu key 

3. Screening Methodologies in 
 Algeria, China-, Ethiopia, Iran,
Food Legumes Lebanon, Libya, Mexico, Pakistan, 
Syria, Yemen 

4. Mechanical Harvesting of 
 Cyprus, Iran, Iraq, Pakistan,
Legumes Syria
 

Short Courses In-country/sub-regional
 
I. Winter Chickpea Technology Algeria, Morocco, Libya, Tunisia
 

Transfer 

2. Legume Seed Production Egypt, Ethiopia, Sudan
 

3. Use of Computer in Breeding Turkey

E.p-riment s 

4. Computer Application for 
 Egypt, Ethiopia, Sudan
 
multilocation Testino
 
and Stability Analysis
 

5. Lentil and Cickpea Turkey

Production Technolo gy
 

6. Food Legume Improvement Lebanon 

9.1.1. Legumw Disease Control 

Integrated ccntrol of legxr,.methods diseass 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 
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was conducted at Tel Hadya from 9 to 19 March, 1992. The course was 

attend-d by 9 participants. The program included theoretical, laboratory 

and field training. Lectures were on major legume diseases, methodologies 

for handling pathogens, strategies for the identification of resistant 

sources and integrated man gement of legume diseases. Laboratory tiaining 

covered general managcmant aid basic procedures used in plant pathology 

laboratc.:.ies, pathogenicity tests, new approaches in identifying different 

populations of a given fungus, inoculum preparation, inoculation and seed 

patholcgy. Field trainng covered 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 Ccntrol 

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 planning of experiments.
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9.1.3. Breeding Methodologies in Food Legumes 

To promote sound strategies and strengthen the network of collaborators in 

the improvement of legumes genTplasm, a training course on "Breeding 

Methodologies in Fcod Legumes" was conducted from 3 to 14 May, 1992 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 

particiuants 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 Mlay, 199L 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. toThe program included both lectures and practicals related 

harvest machinery, such as umwers (self-propelled and tractor-drawn), 

combines and the lentil puller. tectures were on the problems of 

mechanization, the breeding ofand agronomy mechanization for different 

legumes, seed-bLd preparation, economic and techniques for farmer 

interviews and on-farm trials. In addition, trainee presented the 

sicuation of legune production and mechanization in their own countries. 
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9.1.5. 	 EM Molecular Marker Techniques for Gernplasn Evaluation and 

Crop Thprovement 

Plant biotechnology tools offer innovative approaches in plant improvement 

research. To increase the awareness of national scientists about the 

potential of biotecrnological tools in facilitating the crop inprovement 

research, ICARDA conducted a course l (r 20 Sept. to 1 Oct, 1992 at 

Aleppo, attended by 12 aurticip.ants. The course introduced participants 

to theoretical and practical asipxcts of DNA imirker techniques, covered 

current and future uses of DNA tochnolmy in plant breeding and provided 

practical exprience in scre aspects of DNA technology. The lecture 

series included gjene stnictrUie, requlation and inheritance, gene 

identification and marking, gceneMate mpping, applicatiol of genetic 

enginecring ae weo] I is t he use of wide crossing and scqclonal variation. 

During the practical sessions, each partici)ant sucCessfully extracted, 

purified and] digested D1A by a restriction endonuclease Taq I, 

electrcphoresed the f-amaents and proh: d them with a non-radioactive 

probe. 'The practicals also focused on RFLP nrotheds and DNA amplification 

using Poliyerase Cliain Reaction. The trainees evaluatted 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/Sub-Regicnal Courses
 

9.2.1. Winter Chickpea Technology Transfer
 

A course on transferring winter-chickp-a technology was conducted at Sidi
 

Bel Abbas, Algeria fromr. 17 to 20 May, 1992 jointly with FRMP and IC,
 

Algeria. It was attended by 23 participa<nts, a rrdxture of extension,
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research, and production workers. The ermpasis was mainly on transferring 

winter-chick-a technol,-ies fanmersto including discussion on adoption 

aspects. The ]ectries were augmented by visits to iesearch stations and 

farmers, tields where winter sowing was adopted. In addition,
 

palticipants gave presentations on breeding, aglon it seed prcduct ion and 

socio-economic asp-cts of chick-pea for winter sOMing. Participants 

evaluated the course as very interesting. 

9.2.2. Legume Seed producticam
 

The course was conducted jointly, with ICARDA Seed Unit, in Cairo from 18
 

to 29 April, 1992 and was attended by 21 participants frou Fjypt, Sudan 

and Ethiopia. It was sponsored by the Agricult-ural Research (-enter and 

the Central Adinistration for Seel in Ejypt: and by th,.2 for6elt.nn Agency 


Technical CT'ooI.'atio 1 . Th- css c,.'e-, ,1Irojor 
 asp*.ct:s of legune 

seed prodcCtion including variety naintenanca, description and release, 

seed prcduction, processing, storage and uohasis wasquaiity Eotph. 

given to crop etn.geeft, field insp_-ect-ion techniques anid detection 

methods of seed- home diseases. 

9.2.3. 
 Use of Camputers in Breeding Experiments
 

LP and CBSSt juintly conducted this in--country course in Diyarbakir, Tu-key 

from 27 April to 3 May, 1992. It was attended by 9 participants (55.0% 

female) fm 'lTrkey. 'The coan-sn was juint:ly sp)rnsot t.d by ICTAEDA and South 

Eastern Atatolian Agric.tittral Rscartyh I t-tit tt , 1)1iyartbki r. The ma jor 

e,2itas is of the was a i 'ad ,ntecc-use on d sigNiy of> reeding trials. 

The cours, aiso covered cupuitter Ixrsf., ,tit.ty andt a ral ysis by MS''AT-

C, basic kn&-wedge about dRASE IV and its usu for bieeding-data 
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management, and the use of Harvard Graphics. The course generated much 

enthusiasm and the participants continued additional exercises in late 

evenings using computers. The level of skill achievement was very high. 

9.2.4. 	 Computer Application for Multilocation Testing and Stability 

Analysis 

uP and 	 SU jointly conducted this sub-regional training course in Cairo,
 

Egypt. Sponsored by ICARDA and Agricultura] Research Instit ite, Egypt, 

the course was held frn 10 to 21 May, 1992 and was attended by 14 

participants fin Egypt, Ethiopia and Sudan. The course provided an 

overview of the basic principles of designing p1rirnts for varietal 

trails, the designing and aalysis of trials conducted over several 

locations and years to examine stability and adaptability of varieties, 

and assessment of qgnot~vr> x enviro nt interactions. The course covered 

basic statistical principles of trials on R03D with colmun checks and in 

RCBD conducted over locations/years, anailysis of trials in lattices, 

stability analysis, zoning of environiernts, AMvI model and stochastic 

dominance. 

9.2.5. 	 Lentil and Chickpea Production Technology
 

LP and FRMP jointly conducted this in-country training course in Ankara, 

Turkey from 29 June to I July, 1992. The course, jointly sponsored by 

ICARDA and Central Research Institute for Field Crops, Alikara, 'airkey,was 

attended by 18 participants firii different o3rganiations in the Central 

Anatolian Plateau (dealing with research, extension, and seed 

multiplication). The lectures covered legmnr prcxiuction in Turkey; 

breeding; cold tolerance; vAed, nematode, disease and inesect pest control; 
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mechanization; biological 
nitrogen fixation; seed multiplication and
 

economics of production and adoption. 
 In addition, trainees visited
 

farner's fields HayrTunaand Research Station where sawthey several 
experiments on breeding, disease control, cold tolerance, seed 
multiplication and rotations. The trainees evaluated the course as quite 

useful. 

9.2.6. Food Legume Improvement in Lebanon 

This in-country wascourse conducted at Terbol, Lebanon from 14 to 18 
Sept, 1992. The course was attended by 18 Lebanese participants from the 
American University of eirt, the Lebanese University, the University of 
Saint-Joseph, the Kaslik University and the Agricultura[ Research 
Institute, The course covered fcod leum production in Lebanon, their 
agroncnrv and croppiznsstem, biological nit -oen f ition, varietal 

iniproverkunt and diseises, post and weed minagemnt of lentil, chickpea, 
pea and faba bean. The practical session dealt with hybridization 

techniques. Group aticnsnresen owingon winter of chickpea, 

mechanization of leurimes, control of Oroiyunce-" in focd lequnas and 
biological nitrqen fixaiticn were done by the p\rtic'?ants with the aid of
 
audio-visuals 
and pocsters. These presentations included tfbe intr-oduction
 

to the problem, 
 i-s present status, the up-to- ite results of i'rprovemnt 

and the future trends. The cotuse allclwed a gcod interaction b~tween the 
trainees and the instructors and was evaluated as highly successful. 

9.3. Individual Non-degree Training 

As per the request of NAss, training on an individual basis was offered 
for 35 participants fron 5 countries. Skills covered and countries 
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represented are given in Table 9.3.1. The syllabi were tailored to meet 

the specific needs3 of NARSs and the academic background and performance 

objectives of the participants. 

9.3.1. Participation in the individual non-degree training, 1992.
 

Topic 	 No. of Countries
 
participants
 

1. 	Agronomy and Crcp Physiology 5 Ethiopia, Morocco, Syria 
2. 	Biological Nitrogen Fixation 3 Algeria, Ethiopia, Syria
 

3. 	 Dantil Breeding 4 Algeria, Syria 
4. 	Viiolcqy 2 S. Oman, Syria 

5. 	 1eg12Io Cold Tolferance 2 Syria 

6. 	 Qniit y 3 Ethiopia, Syria 

7. ' r App Liat ion 	 3 Syria 
8. 	 Ratiig ct Diseases and Insects 5 Syria 

9. 	 Sce.rir' C 'kp'a for 
Dr ugtL Resis tance 3 Syria 

10. EntZ-'c(Io 1 y 3 Ethiopia, Syria 
Ii. ickta B',.ing 2 Syria 

9.4. Graduate Research Training 

As a part of th.i Je'ree oriented training 8 students started their thesis 

i,:search in the p-c-jram daring 1992. The naires are given in Table 9.4.1. 

~x stdntso '-eceivod their M.Sc./Ph.D. diegee and scure aue writing their 

hes is. 
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Table 9.4.1. Participants in graduate research training in 1992. 

Name Degree University Count ry 

Reqistered in 1992
 
i. Widad Shehadeh M.Sc. Damascus Syria
2. Abbas Abbas Ph.D. lep o Syria
3. A mad M. Manschadi Ph.D. Hohenheim Iran 
4. Hassan Tamibal 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 Kusnmnoglu 
 Ph.D. Selcuk Tukrkey
8. Suohila Arslan M.Sc./Ph.D. deppo Syria 

Reqistration continuirg from previous years
I. Aziza Dibo Ajouri Ph.D. 
 Aleppo Syria

2. Sara Nour 
 Ph.D. 
 INRA Sudan 
3. Hossam El Din M. Ph.D. Alexandria Fgypt


El Sayed Ibrahim
 
4. Mohamed Labdi Ph.D. 
 INRA Algeria
5. Elias Zerfu 
 M.Sc. Haryana Ethiopia
6. Heiko Schnell 
 Ph.D. Hohenhieim Gcnamny
7. Christiane Weigner Ph.D. 111m.nyHohenheim 
8. Mlarja van Hezewijk Ph.D. Ansterdam '11i, Netherlancs
9. Eckhard Georrje Ph.D. Hohenheim C(eiml ny 

Completed and aeee awarded 
I. Irrad Mahnuud M.Sc. Gzira Suan 
2. Jihad Yasin M.Sc. AIrTnrr Jordan
3. Ahmad Al Seoud Ph.D. Damascus Syria
4. Huda Kawas Ph.D. Damascus Syria
5. Edwin Weber Ph. D. Hohenheim Germany
6. Stefan Schlingloff* Ph.D. 
 Giessen GCrniny 

*Ccmpleted 
in 1991.
 

9.5. Training Material
 

In an effot to increase infonmation cocvprehension and retention by the 

trainees during the course, LP is de'r.'Vping i -ries of YO2t or Notes 

,nu Notes aue a print <cnrxivr iid i di rihit,td ton training 

[ rt iramn ts bLfore or after a lo'' rr,, dj ,*ndirig on th ty.e of lecture 

,nd the audience. 'hey oumrurize the lecture, ieptcdco the tables, 
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charts and graphics presented in the lecture, give glossaiy of terms used 

and list additional reading material. Therefore, the trainee can use the 

notes to reinforce the spoken words of the lecturer. ttcture Notes are 

developed as modules that are usually designed as self-instructional units 

for i ndependent study containing scea ty-e of prompt 

response/reinforcenmnt pattern. They are one cceponent of iiuti-nt-dia 

training kits that contain a variety of courseware such as audio-visuals, 

posters, skill McILuads, h uidoats, trainer's manuals and coputer-bas-d 

instructional units.
 

A multi-amedia training kit for the course "hagun a harvest 

mechanization" and tacture Notes for the course "Insect control in food 

legumes and cereals" were developed this year. The feedback frum training 

participants was quite p(Dsitive. Work will continue to develop Lecture 

Notes rc : a wide variety of courses. 

9.6. Chickpea Adaptation Workshop 

A workshop on the Adaptation of Chickpea in WANA was jointly hosted by 

ICARDA's LP and FEMP and the International Crops Research Institute for 

the Semi-Arid 'I'topics IGZISAF) at ICARDA, Syria, from 9 to 12 Nov, 1992. 

Fifty-two a fi a 1partici1rr1I Qi SYJPS,KT and IQY\HDA, representing 

multidiscipl raz'i' tam r .'-cc, is, biolcgjical and socialIress 

sciences, pnartici) ated r this x).kshop. Qhse studies on 11 countries 

(Algeria, '. n, Mtyr,, sui,,i.- ; ri',:co, .yria, 

Tunisia, ..,o w , p: <.tui, p cciLii is up t- 'Lt, undstanding 

of the prc.LA: - c."1,osr.:tdS of ohic' i,/;at i oi at ,: ,at ional] 

(micro) scaleC.T unh folowing seassons, [ pt on OhIit iqu, anrd synthesis 
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integrated the current knowledge at regional (agro-ecological) and global 

scales. 

After the presentation, papers were review-d and revised, to the 

extent possible, by the authors and resource personnel frcan ICNRDA and 

ICRISAT, during two hands-on- workshop sessions. Maps prepared at ICRISAT 

using Ceographic Inforiation Systems (GIS) caiput-er software, were also 

reviewed. 

The editorial ccundttee had the task of sunuarizing the global 

scenario, identify'ing new potential areas for chickpea cultivation, gaps 

in the cu-rent kno.wledge and i isting prior*ity areas for future research on 

biotic aid abiotic constraints. c i' uijs of the workshop will appear 

at the end f 1993 in :.a form V a Akjointly published by ICRISAT and 

ICARDA. 

Habib Ihrahim, S. Weigand and other Scientists frn Legume Program
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.assam Pavac Consuitant Pat-holcgist (University of Aleppo) 

Alimci 7{-mdi Post. Dl7. Fv:'c.,,ent 1 Breeding 
B. Abu :ui leih Visiting Scia nt ist O'obinche Control 
:*amjouh Droar Visiting Sci t st Chi ckpea Breeding
>Irk RaL inam Post I'F iC io LNpns BreedingIc- 1:c-. 

Saxena Visitiuq S:iont c -op Physiology 

F:'ael ;iandi Research Associate
 
I5C'an.sla* Research Assri''we
 

n,-'a-ro Research Aoss-iate
 

M.Y.N. Agha1 Research Assistant 
1hranim Amonuri Research Assistant 
Shei ia Arslan Research Asssant 
Rashar Baker Research Assistant 
>:sta fa B'ellar Research Ass istant 
Joana Hidar Trainirg Assistant 
Samir iajjar Research Assistant 
:asan Ei-Hasan Research Ar;istant 
;,du!la Jcoubi Resear ch A;sistant 

b4ne .pes<:nvh ,'Assisnrant.zkak ibJ i 

O,,... a .?.i]i!'i!!p<oseaiz nh kw<: i 51tl! 

.:K O~ Poo 'T / a :{]ista!~tLani . s..a. stan 

:ab i n .s As,eser:ch istant
 
~eDc'Zak'kor Research Assistant-


Riad .rar.', Senior Research Technician 
Amir Farra Senior Pesearch Technician 
Faiwa P'hinji Senior Pearch Tchnician 
pierle ijwan Senior Rs-airch Technician (Terbol) 
S.aiad Lababidi Senior Research Technician 
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Raafat Azzo Research Technicin 
Bunian Abdel Karim Research Teclnician 
Aida Djanji Research Technciam 
Khaled EI-Dibl Research echiiciwa 
Hani Ei-De!rbi Research Tecnician
 
Mohamed El-Sayed Hawilo Research .echnician
 
Mah am=_md Issa 
 Reseau-- n Techniciml 
M.I. Ei-Jasem Research Technicia 
Sihaun Kahn1 a Research Tecluici an
 
Nidal Kadah 
 Zesearch Tecmician 
Joseph Kiraki Research Technician (qTe-ol)
Ghazi Qatib Research Techn.ician Terbl)
Orar Lhbbarr Research Teclmician 

ut-,Uhamnd Maarawi Research Techniciaiu 
Aidai Nainh Research Thchmiciar (Terbol)
Axiel Rahim Osrmn Research Techician 
Dial Al i Raya Research Teciician 

!Lasna Boustani Secretary

Mairy BogIrian Secretary

Ki nli But ros Secretary

NUha]Sadek Secretar
 ,
Nay an Ajaxij i Driver 

Asaad Cr7t-ir El-Danish Fieldman
 
Hussain El-Hujeidi Fieldna
 
Aixulla EI-Khaled Store Attendant
 

* Left during the year 
** Proceeded on sabbatical leave October 1992 


